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Numerous studies of fertilizers and organic 
additives have been made; the results and 
conclusions have often been conflicting. Climate, 
soil, or fertilizer rates may have been factors 
in this. Therefore, if the maximum number of 
quality seedlings are to be grown in a particular 
nursery, studies should be conducted in that 
nursery, using the reported studies as guides. 

This paper reports such a study at the Union 
State Tree Nursery, Jonesboro, Ill., made in 
1960 and 1961 using loblolly, shortleaf, white, and 
Scotch pines. Details are given so the reader 
may compare them with other studies. 
 
 

Methods 
 

The soil in our nursery beds is a silt loam 
derived from loess, transported by rain or 
wind from adjacent hills. The waterholding 
capacity of the soil is 20 percent at field ca-
pacity and 6 percent at wilting point. 

Nine soil treatments were replicated three 
times for each species in 4- by 100-foot plots as 
follows: 
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One season prior to planting the pine seed, 
soil treatments were applied and cover crops of 
soybeans and sudan grass were grown. The cover 
crop was disked under before it reached maturity, 
and the entire area was treated in the fall with 1-
1/2 pounds of methyl bromide per 100 square 
feet. Composite soil samples were taken at the 
time pine seed were planted and again when 
the seedlings were lifted. Additional nitrogen 
was supplied to the growing seedlings with rates 
depending upon size and color of seedlings in 
each plot. Seedlings 



growing in plots with high rates or organic additives 
received more nitrogen than seedlings on other plots. 

In March 1961, loblolly, shortleaf, and Scotch pine 
were lifted as 1-0 seedlings; in March 1962, white 
pine was lifted at 2-0 seedlings. From the 
randomly lifted samples, we determined the 
percent plantable, the shoot/root ratio on ovendry 
weight basis, and the number of seedlings per square 
foot. We also used 25 seedlings for chemical analysis 
and 50 seedlings for field planting. 

Foliar nitrogen was determined by the micro-
Kjeldahl method, soil and foliar phosphorus by the 
phosphomolybdic acid method, soil potassium by the 
cobaltinitrite method, and foliar potassium by the 
flame photometer method, 

Total height and survival were measured 
at the end of the second growing season after 

the seedlings were field planted. 
The following variables were analyzed for 

each species to determine if the differences 
between these variables could be attributed to 

the seedbed treatment and also to determine 
the relationship of one variable to another: 

1. Foliar nitrogen (N) 
2. Foliar phosphorus (P)  
3. Foliar potassium (K)  
4. Shoot/root ratio  
5. Nursery bed density 
6. Preseeding nursery soil pH 
7. Preseeding nursery soil phosphorus (P)  
8. Preseeding nursery soil potassium (K)  
9. Preseeding nursery soil organic matter 

(O.M.) 
10. Increase in organic matter during study  
11. Field height at end of 2 years  
12. Field survival at end of 2 years 

Results 

The results of the study are given for each species 
according to (1) the effects of seedbed treatments, 
and (2) the relationship between variables. Only the 
most important effects and relationships are given for 
each species. 

Loblolly pine (table 1): 
(1) Foliar potassium was lower in the control 

seedlings. 
(2) Foliar nitrogen was related to the nursery 

seedbed density; foliar potassium to foliar 
phosphorus and height. 

 
Shortleaf pine (table 2): 

(1) Foliar potassium was lower in the control 
seedlings and number of plantable seedlings 
was less in treatments receiving the higher 

applications of sawdust and peat. 
(2) Foliar nitrogen, shoot/root ratio, number of 

plantable seedlings, and seedbed density 
were related to each other; foliar 
phosphorus to foliar nitrogen; and soil 
phosphorus to the number of plantable 
seedlings and the seedbed density. 

 
White pine (table 3): 

(1) Foliar phosphorus was lower in the peat and 
control plots than in the sawdust plots. The 
shoot/root ratios were larger in control 
plots and in plots receiving the lesser 
amounts of sawdust and fertilizers. Plots 
receiving the most organic material grew 
less seedlings per square foot of nursery bed 
than other plots. Peat plots grew the least 
number of plantable seedlings. Heights of the 
white pine were not measured. 

(2) Seedbed density was related to foliar 
nitrogen and foliar phosphorus; foliar 
potassium to shoot/root ratio and soil 
potassium; number of plantable seedlings to 
organic matter; and soil phosphorus to 
shoot/root ratio and seedbed density. 

 
Scotch pine (table 4): 

(1) In plots that received large applications 
of organic material, foliar potassium was 
higher, but the shoot/root ratio and seedbed 
density were lower. 



  



  



(2) Foliar nitrogen was related to shoot/ 
root ratio and seedbed density. 

Upon examination of the first four tables, one 
might conclude that seedbed treatments affected 
foliar potassium in all pines except white pine 
and that foliar phosphorus was affected by 
treatments only in white pine. The probable 
explanation lies in the age of the needles of 
the four species. All needles were 1-year-old 
with the exception of white pine which were 2-
0 seedlings and thus had land 2-year-old 
needles. Phosphorus and potassium are highly 
mobile in plants and internal redistribution of 
these elements occur readily. Old leaves 
frequently lose these elements to the growing 
regions of the plant. Thus, if only 1-year-old 
needles of white pine had been analyzed, 
probably potassium and not phosphorus would 
have been the element that correlated with the 
seedbed treatments. 

The shoot/root ratio of all seedlings is much 
higher than is normally thought of as ideal for 
seedlings of good quality. Assigning an ac-
ceptable range of shoot/root ratios for plantable 
seedlings can be misleading. It is possible to 
have a combination of thick, thin, short, and 
tall stems, succulent or woody tissue, with 
fiberous or single root systems. If the 
shoot/root ratio is computed by volume instead 
of by weight, wide differences in the ratios might 
be found. Also in this study the ovendry weight of 
the entire plant of both plantable and 
nonplantable seedlings was used to determine 
shoot/root ratio. 

The high seedbed densities can be attributed 
more to sowing rates than to seedbed treat-
ments. The seedbeds should have been thinned 
to the desired density early in the growing 
season. 

The important result shown in the first four 
tables is that seedbed treatments did not affect 
height or survival of plantable seedlings. This 
leads to the conclusion that the soil fertility 
levels of the experiment are adequate to produce 
quality seedlings. 

Soil analyses were made at the time the 
seed were planted and when the seedlings were 
lifted (table 5). Values at seeding time are for 
composite soil samples from each treatment 
area before the area was divided into subareas 
for the various species. Values at lifting time 
are of composite soil samples taken from 
specific plots according to treatment and 
species. Differences in variables between 
treatments reflect soil treatment of the area 
prior to the time the seed were sown. 

Statistical analysis showed that regardless of 
species grown, soil pH was related to soil 
phosphorus, soil potassium to increase in 
organic matter, and soil organic matter to 

increase in organic matter. 
The amount of ovendry material removed per 

acre is given in table 6. The pounds of ovendry 
material is about half of that reported by other 
workers for southern pine. The difference might 
be ascribed to the spindly seedlings in this 
study because of the high seedbed density. 

Nitrogen, phosphorus, and potassium re-
moved from the soil by the harvested seedlings 
are given in table 7. Amounts of fertilizers 
removed by the seedlings could be misleading 
if the values in the table are taken by 
themselves. The fertilizer consumption could 
have been expressed in elements used per 100 
pounds of seedlings lifted. The following values 
would be obtained per 100 pounds of seedlings: 

  

If a nurseryman wants to know the amount of 
fertilizer removed by his harvested seedlings, 
table 7 would be correct. If he wants to compare 
fertilizer removal by one species with another, he 
should put the two species on the same unit 
base, as was done above. 

The end result of seedling production is how 
seedlings perform after they are outplanted in 
the field. If they survive and make acceptable 
growth, the nurseryman has produced quality 
seedlings. If not, he should examine all phases of 
his nursery management and make the 
necessary corrections. This study showed that 
quality seedlings can be produced at various 
soil fertility levels and that these fertility levels 
encompass a wide range of conditions. 



  



  


