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In recent years, the majority of the site classification studies 
made in the Southern Pine Region have been of the visual soil 
properties type; that is, the independent site variables investigated, 
such as thickness of various horizons, depth to an inhibiting layer, 
and drainage class, were susceptible to field identification. It is 
obvious that although studies of this nature are quite useful as 
management tools, the independent variables used are merely 
indicators of more fundamental relationships between the environ- 
ment and tree growth. In 1959, a study to investigate the relation 
between loblolly pine growth and moisture regime was initiated by 
the Department of Forestry, Mississippi Agricultural Experiment 
Station. Beeause moisture regime was thought to be the dominant 
site factor in this area, the foliar nutrient status was investigated 
as a supplement to the main work. The purpose of this supplementa- 
ry study was to determine the period of the year in which foliar 
samples could be collected from plots throughout the State with a 
high probability that foliar nutrient levels would remain stable 
during the sampling period. The study was considered to be essential 
due to the antieipated variation in levels with time, and the inde- 
terminate growth habit of the speeies; loblolly pine has been ob- 
served to produce two, three, or eren four flushes of height growth 
per year, apparently dependent upon favorable environmental 
conditions. Although most previous studies have dealt with de- 
terminate species, Wells  and Metz 10 worked with loblolly pine, 
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and their work is the most comparable to the study reported here; 
their samples, however, were taken from foliage of increasing age, 
and it is not possible to make comparisons of results after the first 
two sampling periods. 

METHODS 

The effect  of site differences Oll foliar levels of ni±rogen, phosphorus ,  and 
po tas s ium was de te rmined  b y  selecting two old field sites of widely  differing 
produc t ive  po ten t ia l ;  b o t h  sites suppor t ed  young  p lan ta t ions  of loblolly pine. 

The first  area, hereaf te r  referred to  as the  Be t h ed en  sample,  was located  
in the  Sand-Clay Hills Phys iograph ic  Region of eas t -cent ra l  Mississippi. The 
soil in the  sample  area was m a p p e d  as a Rus ton  series ; a well-drained,  sandy,  
up land  soiI. The p l an t a t ion  was e ight  years  of age at  the  incept ion  of the  s t u d y  
and the  site index  for loblolly pine, as ob ta ined  f rom older t rees in the  area, 
was 80 feet  a t  age 50. The second area, the  Noxubee  sample,  was located 
app rox ima te ly  e ight  miles f rom the  Be theden  area on the  flood plain of the  
Noxubee  River  in the  In te r ior  F la twoods  Phys iograph ic  Region. The soil 
here was m a p p e d  as a Mantachie ;  a s o m e w h a t  poor ly  drained,  silty, b o t t o m -  
land soiI. The p l an t a t ion  was six years  of age a t  the  f i rs t  sampling,  and the  
site index for loblolly in tbis  area ranges f rom 100 to 110 feet  a t  age 50. Table 
1 indicates  marked  differences in some of the  physical  and chemical  proper t ies  
of the  two areas.  

TABLE 1 

Comparison of physical and chemieal properties of the sample area soils 

Series Horizon ThiCk-ness Sand Clay 
% Or- 
ganic 

marter 
pH CEC* 

Avaii. exch. total 

P K N 

Ruston . 

Mantachie 

Ap 

As 

Av 
Cl 

5 # 

9 ~ 

4 ~ 
9 ~ 

59 
71 

28 
25 

15 
24 

0.7 
0.4 

1.2 
0.8 

5.6 
5.5 

5.3 
5.2 

1.8 
1.5 

5.8 
9.0 

4 
12 

5 
10 

55 30 
72 28 

82 49 
109 31 

* me NH4 per 100g soil 

E a c h  sample  area was m a p p e d  by  auger on a 10-foot square  grid to de- 
t e rmine  soff uni formi ty ,  and  a composi te  sample  of t he  upper  solum was 
collected. Sample  area boundar ies  were es tabl ished to give the  grea tes t  
un i fo rmi ty  in hor izon thicknesses .  

Foliage samples  were collected f rom the  cu r ren t  f lush of g rowth  of the  
te rmina l  whorl ,  p rov id ing  the  needles were uncased and  more  t h a n  1½- inches 
long, b u t  if the  needles of the  cur ren t  g rowth  did no t  meer  the  specifications,  
needles f rom the  previous  g rowth  were used. Samples  werë collected m o n t h l y  
f rom four d o m i n a n t  t rees wi th in  t he  un i fo rm soil area of each p lan ta t ion ,  
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and immediately oven dried for 24 hours at 70°C. The dried needles were 
ground in a -vViley mill with a one-millimeter mesh screen, redried, and 
analyzed for total nitrogen, phosphorus, and potassium by the Chemistry 
Department  of the Agricultural Experiment  Station using standard A.O.A. 
C. 1 procedures; soil chemical properties were also determined by these 
procedures. Foliage samples were first collected and analyzed by individual 
trees, but  it soon became apparent that  variation between trees of the same 
area was not significant; consequently, beginning with the eighth sampling 
date, samples were composited for each site. At the end of the first sampling 
period (May 1960), results were examined and because of the large, and 
seemingly inexplicable, variation in foliar nutrient levels, a second sampling 
period was initiated in January 1961. A total of 27 monthly samples were 
collected over a three year period. 

RESULTS AND DISCUSSION 

Variation with time and site 

The general trends in foliar content of nit~ogen, phosphorus, and 
potassium with time on both sites found in this study (Figure 1, 2) 
follow previously reported trends 7 11; that  is, an early season 
maximum in concentration followed by a gradual decline during the 
growing season, and an increase to a relatively stable level during 
the winter. It  is noted in Figures 1 and 2, however, that  with the 
exception of phosphorus, there is not found here the stability in 
winter levels reported by W h i t e  11 in red pine (Pinus resinosa Ait), 
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Fig. 1. Change in foliar nitrogen, phosphorus and potassium content wirb 
time. Noxubee sample. 
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Fig. 2. Change in foliar nitrogen, phosphorus and potassium content with 

time. Betheden sample. 

or the fall stability reported in the same species by H o y l e  and 
M a d e r  a. M i t c h e l l  7, working with various species of hardwoods 
in the Northeast, also recommended fall sampling for maximum 
stability. The major cause of the difference between reported trends 
and the trends established in this s tudy is probably the indetermi- 
nate growth habit of loblolly pine; generally two, and sometimes 
three to Iour yearly Ilushes of growth are observed during favorable 
growing seasons. It  could be assumed that within the major yearly 
cycle of fluctuation in foliar concentration, thëre would occur minor 
cyclieal movement due to the periodic formation of new juvenile 
foliage. A further conIounding Iaetor is the difIerence in the number 
of Ilushes produced on sites of high and low productivity for loblolly 
pine; personal observation and the work of Z a h n e r  13 and Swi t -  
zer  8, indicates that  a lesser number of growth flushes will oceur on 
sites where moisture is limiting and, consequently, productivity 
is usually low. The greatest apparent difIerences between the two 
sites occur either in the spring or fall, even though Ioliar levels are 
not stable at these times (Figure 3, 4, 5); it is, of conrse, difficnlt 
to state at whieh period of the year Ioliar levels are trnly reflecting 
the nutr]ent status of the plant, and whether one should sample the 
maxima, the minima, or the stable periods has not yet been 
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Fig. 5. Comparison of sample-area po tass ium levels wi th  t ime. 

established. Although apparent differences seem quite large, the 
differences in foliar levels between the two sites are not large 
enough to be statististically significant except for the phosphorus 
levels during September, October, November, 1959, which are 
significantly different only at the 5 per cent level of probability. 

Variation with weather 

Also of interest is the variation in levels between the same months 
in different years. One of the major reasons for continuation of 
sampling beyond the initial length of orte year was the tentative 
conclusion that  discrepancies in levels between years could be at 
least partially explained by differences in weather conditions. 
B o y n t o n and C o m p t o n 2 also assumed that  significant differences 
found in their work might be due to yearly climatic variation, and 
W e h r m a n n  9 recommended measurements over several years to 
allow for annual fluctuations. Accordingly, weather data from a 
station between the two sample areas was plotted against the foliar 
levels found during 1959-1960, and the trends were sufficiently 
strong to justify additional sampling. At the end of the second 
sampling period, foliar levels were plotted against 17 independent 
variables which represented measures of precipitation, average 
maximum and minimum temperature, and the average mean 
temperature for periods preceeding the sampling date of one, two, 
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three, and four weeks. One additional variable was used in an at- 
tempt to evaluate both the quant i ty  and the intensity of precipi- 
tation; this variable, also an indirect measure of soil moisture 
content, is the number of days from a precipitation of one-half inch 
or greater to the sample date. The prediction equations in Table 2 
are based upon the two most significant independent variables. 

TABLE 2 

Prediction equations and regression significance for foliar nutrient levels and 
weather faetors 

Dependent variable Prediction equation rZ 

0.42** % N, Noxubee.  
% N, Betheden. 
% P, Noxubee .  
% P, Betheden. 
% K, Noxubee. 
% K. Betheden 

1.29 + 0.00002(X4) @ 0.00582(X6) 
no significant eorrelation 
0.70- 0.00005(X1) 2 -- 15.31548(1/X2) 
0 .13-  0.00002(X8) 2 q- Õ.00005(X4) 2 
0.40-0.00013(X5) 2 + 0.01241(X6) 
0.54-0.00007(Xa) 2 + 0.00026(X4) 2 

0.56** 
0.59** 
0.72** 
0.71"* 

** significance at the 1% level 

XI: average maximum temperature, °F, four weeks prior to sampling 
X2: average minimum temperature, °F, four weeks prior to salnpling 
Xa: average maximum temperature, °F, two week prior to sampIing 
Xa: average temperature, °F, two weeks prior to samplimg 
X»: average minimum temperature, °F, three weeks prior to sampling 
X6: number of days / rom  a preeipitatioa of orte-half inch, or greater, to sampling 

The results in Table 2 strongly indicate the inadvisability of using 
foliar analysis for site differentiation of loblolly pine. The variation 
in nutrient levels explained by  weather factors is generally quite 
high, demonstrating that  yearly fluctuations are to be expected. 
The lack of agreement between the variables correlated on each site 
would also aet as a confounding faetor; apparently, the foliar levels 
do not reaet to the same stimuli on sites as different as the two 
sample areas. It  is noted that  although no significant correlation 
was obtained for the Betheden nitrogen level, both potassium and 
phosphorus were correlated with the same independent variables - 
negatively with the average maximum temperature for two weeks 
prior to sampling, and positively with the average temperature 
for the same period. The Noxubee levels are correlated not only 
with different independent variables, but  also with a greater variety 
of weather variables - average temperature, average maximum and 
minimum temperatures, and number of days since precipitation. 
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These differences are perhaps due to the variation in the respective 
mieroclimates and soil moisture regimes of the two areas; the 
Betheden area is characterized by a dry, warm microclimate with 
no problem of excessive soil moisture to inhibit nutrient uptake, 
whereas the Noxubee sample area has a cooler, more moist climate, 
and moisture may be limiting at times due to the topographic 
position and poor internal drainage of the soil. 

Although the variables listed in the prediction equations given in 
Table 2 yielded the greatest explained variation of any two inde- 
pendent variables, other combinations of variables were also sig- 
nificant at the l°B level. In order to compare the trends between 
sample areas, prediction equations were developed which included 
the same independent variables for each site (Fig. 6, 7). 
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Fig. 6. Foliar phosphorus content for 50°F average minimum temperature 
four weeks prior to sampling, and variable average minimum temperature 

one week prior to sampling. 

Again there is the indication that phosphorus levels are more 
variable between sites than nitrogen or potassium; that  is, there is 
a more consistent difference in phosphorus levels, and this nutrient 
is the only one in this s tudy that could conceivably be used as a 
reflection of site differences. This view does not appear to be 
generally acceptable in light of the work of K e s s e l l  and S t o a t e  4 
who found that only the foliar sodium content reflected site differ- 
ences, and the work of Y o u n g  12 which indicates that  whenever 
soil phosphorus levels are above a critical content, the foliar phos- 
phorus levels remain fairly constant. L e y t o n  õ 6, and H o y l e  and 
M a de r 3, however, advocate the use of toliar analysis to distinguish 
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Fig. 7. Foliar potassium content for seven days from precipitations of one- 
half inch, or greater, to sample date, and variable average maximum temper- 

ature four weeks prior to sampling. 

between sites; both found significant correlations between foliar 
nitrogen, phosphorus, and potassium and the height growth incre- 
ment of Japanese larch (Larix leptoIepis Murr) and red pine, re- 
spectively. 

CONCLUSIONS 

General seasonal trends in foliar nitrogen, potassium, and 
phosphorus levels on both sites follow previously reported trends; 
however, stability of fall and winter levels was not found in this 
s tudy to the extent reported in other work. The indeterminate 
nature of loblolly pine growth is a confounding factor which might 
account for the variability - if weather conditions are favourable, 
late and early season growth flushes can occur. 

Although large apparent differences in foliar levels between sites 
occurred during the spring and fall, levels were not stable during 
these periods and the differences were generally not statistically 
significant. In view of these findings, it would not be feasible to use 
foliar analysis as a means of site differentiation. 

The strong statistical correlation of foliar levels with weather 
factors would indicate that  seasonal fluctuations are to be expected, 
and this relationship would make it difficult to establish foliar 
trends that  would reflect optimum levels for a species. 
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ABSTRACT 

Th e  s t u d y  i n v e s t i g a t e d  the  f l u c t u a t i o n  in foliar n u t r i e n t  levels (over a 

per iod of a p p r o x i m a t e l y  th ree  years)  on two  si tes of widely  differ ing pro-  

d u c t i v i t y  for loblolly pine. P r e l i m i n a r y  ana lys i s  a t  t he  end  of t he  f i rs t  yea r  

ind ica ted  large va r i a t i ons  in foliar levels  w i th  t ime  which  were a t t r i b u t e d  to  

w e a t h e r  factors ,  and  f u r t h e r  s a m p l i n g  was  in i t i a t ed  to  e v a l u a t e  t he  influellce of 

wea the r .  A lack  of a s tab le  per iod du r ing  a n y  po r t i on  of the  y e a r  was  a t t r i b u t e d  

to t h e  i n d e t e r m i n a t e  g r o w t h  h a b i t  of loblolly pine,  a nd  th i s  aspec t ,  t o g e t h e r  

w i th  a s t r o n g  s ta t i s t i ca I  cor re la t ion  of w e a t h e r  fac tors  w i th  foliar levels, 

su g g es t s  t h a t  if foliar n u t r i e n t  levels  are o b t a i n e d  b y  t he  m e t h o d  used  ifl t h i s  

s t u d y ,  resu l t s  could  no t  be r e c o m m e n d e d  for use  in s i te  d i f f e ren t i a t ion  of th i s  

species.  Th e  w e a t h e r  fac tors  m o s t  c o m m o n l y  cor re la ted  w i th  foliar levels  were 

ave rage  m a x i m u m  and  ave rage  m i n i m u m  t e m p e r a t u r e s  for ce r t a in  per iods  

p receed ing  t h e  s a m p l i n g  date .  
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