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F E R T I L I Z E R  M O V E M E N T  IN A 

SLASH P I N E  ECOSYSTEM 

I. UPTAKE OF N AND P AND N MOVEMENT IN THE SOIL* 

by D. J. MEAD** and W. L. PRITCHETT 

Soil Science Department, Ulliversity of Florida, Gainesville, Florida 32601 

SUMMARY 

The m o v e m e n t  of N in an 11-year-old slash pine forest  ecosys tem was 
followed over  two growing seasons by  using N15-1abeled a m m o n i u m  sulphate,  
appl ied in the  spring a t  0, 56; and 224 kg N/ha.  The  ini t ial  up take  of pa2, 
appl ied as concent ra ted  superphosphate  a t  90 kg P/ha ,  and of labeled N 
f rom the  highest  appl ica t ion ra te  was followed in two trees for 71 days. 

Dry  wea ther  fol lowing fert i l izer  appl icat ion delayed up take  and bo th  
isotopes were first  observed in the  foliage 7 days af ter  applicat ion.  Whi le  
up take  of p32 was a t  a s t eady  ra te  be tween  the  th i rd  and t en th  week, the  
up take  of N 15 declined, due to reduced ava i lab i l i ty  in the  soil, af ter  seven 
weeks. Concentra t ions  of bo th  isotopes were greater  in the  lower foliage t h a n  
in the  upper  crown. The  N 15 levels were higher  in cur rent ly  developing 
foliage t h a n  in older foliage, while  the  reverse was t rue  for pa2. 

The  m a x i m u m  concent ra t ion  of labeled-N occurred in the  foliage a t  abou t  
12 weeks. A t  this t ime  the  cur ren t  foliage had der ived 8.5 per  cent  of its N 
f rom the  fert i l izer  in the  low-N t r e a t m e n t  and 27.5 per  cent  a t  the  h igh-N 
t rea tment .  However ,  N 15 up take  into  the  developing foliage cont inued,  a t  
a reduced rate,  unt i l  mid  winter .  In  the  second growing season, the  foliage 
formed in t he  previous  growing season decreased in to ta l  and labeled-N 
con ten t  due to t rans loca t ion  to newly developing tissue. 

The  N 15 leached rap id ly  th rough  the  ! i t ter  w i th  only 9 per  cent  of the  
appl ied N, in the  h igh-N t rea tment ,  occurr ing in the  l i t te r  a t  the  end of 6 
weeks. I n  the  first  12 weeks the  a m o u n t  of N 15 in the  l i t t e r  and topsoil  
decreased rapid ly  (to 21 per  cent  in the  h igh-N plots) bu t  changed l i t t le  
thereaf ter .  This  decrease was related to up take  and probab ly  to leaching. 

* Journal Paper No. 552'/of the Florida Agricultural Experiment Stations, Gainesville, 
Florida. 

** Research Associate and Professor of Forest Soils. Senior author is presently 
Scientist, Forest Research Institute, Rotorua, New Zealand. 



452 D . J .  MEAD AND W. L. PRITCHETT 

INTRODUCTION 

I n  o r d e r  to  i m p r o v e  t h e  use  of f e r t i l i ze r  in  fo res t  e c o s y s t e m s  i t  is 

n e c e s s a r y  t o  u n d e r s t a n d  t h e  f u n d a m e n t a l  p rocesses  i n v o l v e d  in  

n u t r i e n t  u p t a k e  a n d  t r a n s l o c a t i o n  u n d e r  fo res t  c o n d i t i o n s .  I n  t h i s  

s t u d y ,  t h e  m o v e m e n t s  of a p p l i e d  N a n d  P in  a p i n e  fo res t  e c o s y s t e m  

were  i n v e s t i g a t e d  u s i n g  l a b e l e d  m a t e r i a l s .  T h e  o b j e c t i v e s  we re  t o  

s t u d y  (a) t h e  i n i t i a l  u p t a k e  p a t t e r n s  of N a n d  P i n t o  t h e  t r e e  c rowns ,  

(b) t h e  l o n g - t e r m  m o v e m e n t  of N in to  t h e  t r e e s ;  a n d  (c) t h e  m o v e -  

m e n t  of N f r o m  p o i n t  of p l a c e m e n t  t h r o u g h  t h e  l i t t e r  a n d  soil .  

A s e c o n d  p a p e r  in  t h i s  ser ies  d i scusses  t h e  u p t a k e  of f e r t i l i ze r  N 

as  r e l a t e d  to  t h e  r a t e  of a p p l i c a t i o n ,  a n d  i t s  d i s t r i b u t i o n  w i t h i n  t h e  

t r e e  a n d  o t h e r  p a r t s  of t h e  e c o s y s t e m ,  a f t e r  t w o  g r o w i n g  seasons .  

MATERIALS AND METHODS 

Experimental area 

The s tudy was in an 11-year-old slash pine (Pinus elliottii vat. elliottii 
Engelm.) plantat ion of the Universi ty of Flor ida experimental  forest near 
Gainesville,Florida. The stand was a typical  high si te-quali ty p lanta t ion esta- 
blished on formerly cultivated, moderately well-drained sand of the Tavares 
series. At  the s tar t  of the experiment the trees averaged 12.1 m in height and . 
14.2 cm in diameter.  The stand was unthinned and had a high stocking ( 1550 
s tems/ha)  ; this resulted in a light ground vegetat ion and well developed lit- 
ter layer about 3-4 cm thick. 

The soil, a member of the siliceous, hyperthemic,  uncoated family of 
Typic Quartzipsamments 16 had an A1 horizon 40-50 em thick, which over- 
laid a white to light grey, occasionally mottled,  A~ of be£ween 50 and 150 cm 
thickness. A dark  indurated B2h horizon sometimes occurred beneath the A2. 
The topsoil had a very low silt plus clay content ( < 8.2%), was moderately 
acid (pH 5.0 to 5.3), and had a low cation exchange capaci ty  (1.9 to 3.5 
me/100 g). During the experiment the water table f luctuated between 0.5 
and 2.3 m below the surface. 

The climate of the region is subtropical,  with almost half of the 1330 mm 
of rain falling between June and September. The mean temperature  varies 
from about  15°C in January  to 28°C in July. 

Experimental design 
An experiment with N 15- and P32-1abeled fertilizer was established in the 

spring (mid-May) using single tree plots. The plot  area was 7.07 m e (1.5 m 
radius around each tree) and the experiment was a completely randomized 
design of four replications of 0, 56, and 224 kg N/ha. The N was applied as 
granular  (NH4)2SO4 (6-12 mesh) labeled with 2.388 a tom percent N 15. A 
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b a s a l  d ress ing  of 90 kg  P / h a  as g r a n u l a r  (6-9 mesh)  c o n c e n t r a t e d  super-  
p h o s p h a t e  was app l ied  to  all  p lo t s  a n d  for  two  of t i le  p lo t s  in  t i le  h e a v i e s t  
N t r e a t m e n t  t h i s  was  labe led  w i t h  p32 (0.236 mc  pa2/g p) .  

Initial uptake of N and P 

I n i t i a l  u p t a k e  of N a n d  P was fol lowed for 71 days  in  t h e  two t rees  t opd re s sed  
w i t h  P3~-labeled c o n c e n t r a t e d  s u p e r p h o s p h a t e  a n d  t h e  h ighes t  r a t e  of 
(NH4)2SO4. B a c k g r o u n d  i so tope  levels were  d e t e r m i n e d  on  foliage samples  
col lec ted  before  fer t i l izer  app l ica t ion .  S u b s e q u e n t  samples  were t a k e n  f rom 
t h e  t e r m i n a l  leaders  a n d  f r o m  f i rs t -  and  second-orde r  b r a n c h e s  in t h e  u p p e r  
a n d  lower  crown.  On t h e  f i rs t  a n d  a l t e r n a t e  collections,  samples  were t a k e n  
f r o m  each  age of needles  p r e s e n t ;  a t  o t h e r  s a m p l i n g  da tes  on ly  c u r r e n t - y e a r  
needles  were t aken .  A few fascicles were t a k e n  f rom all b r a n c h e s  in  t h e  
whor l ,  s amp led  so t h a t  defo l ia t ion  was m i n i m a l  on  a n y  one b r anch .  

Two sepa ra t e  ana lyses  of va r i ances  were ca lcu la ted  for each  p a r a m e t e r  17 
The  f i rs t  used  all t h r e e  fol iage ages (collected on  six occasions) a n d  t h e  
second  was for  c u r r e n t  foliage on ly  (collected on  twe lve  occasions).  

Long-term changes in the [oliage 

To s t u d y  l o n g - t e r m  changes  in fol iar  N a n d  N 15 levels and  con ten t s ,  all  
12 t r ees  were  s ampled  a t  6-week i n t e rva l s  ove r  two  growing  seasons,  t e rmi -  
n a t i n g  in t h e  second winter .  Samples  were t a k e n  f rom all second-order  
b r a n c h e s  on  m a r k e d  whor l s  in  t h e  u p p e r  t h i r d  of t h e  crown.  All ages of 
foliage p r e sen t  were s ampled  a t  each  s amp l ing  t ime,  b u t  to  reduce  excessive 
defo l ia t ion  samples  were c o m b i n e d  b y  fer t i l izer  t r e a t m e n t .  Af te r  d r y i n g  a t  
60°C, t w e n t y - f i v e  r a n d o m l y  selected fascicles were weighed.  

The  t h r e e  foliage age g roups  (cur ren t  and  1-year-old a t  t he  s t a r t  of t he  
expe r imen t ,  a n d  new foliage fo rmed  in t h e  second growing season) were 
s t a t i s t i ca l ly  ana ly sed  as s epa ra t e  g roups  9 17. 

Movement o / N  15 in the soil 

Soil samples ,  to  a d e p t h  of 50 cm b y  10-cm inc rements ,  were col lected 
O, 6, 12, 30 a n d  84 weeks a f t e r  fer t i l izer  app l ica t ion .  E x c e p t  for t i le  f ina l  
s a m p l i n g  da t e  t h e  samples  were c o m b i n e d  b y  t r e a t m e n t  before  analysis .  
L i t t e r  samples  were t a k e n  t h e  same  t i m e  as t h e  soil samples ,  excep t  t h a t  a 
l i t t e r  s a m p l i n g  was also m a d e  a t  3 weeks a f t e r  t r e a t m e n t .  

Soil b u l k  dens i t y  was d e t e r m i n e d  for  each  p lo t  b y  10-cm i n c r e m e n t s  to  
a d e p t h  of 50 cm, us ing  a double-cy l inder ,  h a m m e r - d r i v e n  core sampler .  
Two l i t t e r  samples  of 1.0 m 2 a rea  were col lected f rom each  p lo t  a t  t h e  end  
of t h e  e x p e r i m e n t  a n d  t h e i r  d r y  we igh t  de t e rmined .  

Sample analysis 

All foliage samples  were dr ied  a t  60°C a n d  g r o u n d  ill a W a r i n g  b lender ,  
a n d  soil s amples  were air  dr ied  a n d  s ieved t h r o u g h  a 2 m m  screen.  To ta l  P 
in t h e  foliage was  d e t e r m i n e d  b y  a n  a m m o n i u m  m o l y b d a t e / s t a n n o u s  chlor ide  
p rocedu re  7 a n d  t o t a l  N in b o t h  soil and  foliage b y  t h e  salicylic acid modif i -  
ca t ion  of t h e  K j e l d a h l  m e t h o d  
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T h e  a c t i v i t y  of p32 was d e t e r m i n e d  b y  Cerenkov  r a d i a t i o n  6. A 0.5 g 
sample  was ashed,  d issolved in  acid,  t r a n s f e r r e d  to  p o l y e t h y l e n e  vials,  
b r o u g h t  up  to  a s t a n d a r d  v o l u m e  w i t h  w a t e r  a n d  c o u n t e d  for  30 m i n u t e s  
in  a l iqu id  sc in t i l l a t ion  counter .  

T h e  N 15 a t o m  pe rcen t  was  d e t e r m i n e d  b y  mass  s p e c t r o m e t e r  3. Resu l t s  
were  cor rec ted  b y  c o m p a r i s o n  w i t h  s t a n d a r d  N 15 samples .  

Rain/all 
Five,  20-cm d iamete r ,  r a in  col lectors  were  loca ted  u n d e r  t h e  t rees  du r ing  

t h e  f i rs t  10 weeks of t h e  s tudy .  The  p r e c i p i t a t i o n  was  recorded  each  t i m e  foliage 
samples  were col lected.  

RESULTS AND DISCUSSION 

Initial uptake o /N and P 

The soil was very dry at the time the fertilizers were applied and 
hence the initial uptake of the labeled nutrients was apparently 
delayed. Labeled-N and -P were first detected, at levels just above 
background, 7 days after fertilizer application. Substantial uptake 
did not begin until after the fifteenth day (Fig. 1). A very light rain 
(2 mm) fell on the third day after treatment,  but it did not comple- 
tely wet the litter layer. However, on the seventh day 6 mm of rain 
fell and from the seventeenth day rain became more frequent (Table 
1). The phosphate granules dissipated during the rainfall on the 
seventh day. Movement of soluble phosphate is rapid through 
litter 15 and uptake is also rapid when P reaches the feeding roots 5 2o 
The (NH4)2S04 granules dissolved within 24 hours, but because of 
the dry conditions the compound probably did not diffuse through 
the litter until the first rainfall. 

The uptake of p3~. appeared to increase at a constant rate between 
the third and tenth week (Fig. 1). Linear regressions calculated for 
each foliage age and crown level were all highly significant (R 2 from 
0.72 to 0.97). In contrast, the uptake of N 15 was not linear with time 
during this same period; there was a marked reduction in the rate 
of uptake after the seventh week (Fig. 1). This pattern of uptake 
was associated with the amount of fertilizer-N in the rooting zone. 
Very heavy rain (111 ram) was recorded in the eighth week and this 
probably led to the leaching of fertilizer-N from the topsoil (Table 1). 

The comparison of first- and second-order branches showed no 
significant difference in uptake. The single exception was that  
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Fig. 1. The  level  of N 15 and  pa2 in t h e  foliage d u r i n g  t h e  in i t ia l  10 weeks. 
z a n d  2 are c u r r e n t  a n d  1-year-old foliage f rom t h e  t e r m i n a l  leader ;  3 and  4 
are  c u r r e n t  a n d  1-year-old foliage f rom t h e  u p p e r  c rown;  a n d  5 a n d  6 are  

c u r r e n t  a n d  1-year-old foliage f rom t h e  lower  crown.  

uptake, expressed as the N la absorbed/g, was higher in the second- 
order branches of the lower crown than in first-order branches at 
this level (Table 2). 

Both isotopes were found in higher concentrations in the lower 
crown than in the upper crown or terminal leader (Fig. 1 and 
Table 2). Thus, at the end of 10 weeks the current foliage had de- 
rived 19, 25, and 33 per cent of its N from the fertilizer in the 
terminal leader, upper crown, and lower crown branches respecti- 
vely. The concentration of total N and P, as opposed to the isotope 
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TABLE 1 

Rainfall  reaching the forest floor 
during the ini t ial  72 days after 

fertilizer applicat ion 

Days after t rea tment  Rainfall  
mm 

3 2 
7 6 
17, 18 19 
2O 3 
25 8 
28, 29, 30 29 
31 9 
40, "41, 42 8 
49 3 
50~56" ~" 111 
57-65 * 40 
66-72 * 8 

* Exac t  days of rainfall  not  
known. 

t Heaviest  rainfall  on day  51. 

TABLE 2 

Average concentrat ion of N and P in the crown, and the levels of labeled N and P 71 days 
after the tagged fertilizer was applied 

Part  of crown P N ]?32 N 15 % N from 
% % cpm/g ~e/g fertilizer 

T e r m i n a l  leader 

Current foliage 0.15 1.03 2494 2.72 18.6 
1-year foliage 0.15 0.84 2797 1.50 12.6 

Upper  crown 

1 s t - o r d e r  b r a n c h  
Current foliage 0.14 1.00 3553 3.40 24.6 
1-year foliage 0.16 0.85 3871 2.13 16.7 

2 n d - o r d e r  b r a n c h  
Current foliage 0.14 0.94 3887 3.52 25.2 

Lower crown 

I s t - o r d e r  b r a n c h  
Current foliage 0.13 1.00 5061 4.64 31.1 
1-year foliage 0.16 0.95 5742 2.89 20.3 
2-year foliage 0.18 0.76 5871 2.44 20.2 

2 n d - o r d e r  b r a n c h  
Current foliage 0.14 1.01 3886 5.06 32.9 
1 -year foliage 0.16 0.96 6577 3.34 21.1 
2-year foliage 0.17 0.77 6599 1.62 22.9 
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levels, did not differ with sampling position (Table 2) indicating 
a uniform demand for these nutrients. The most satisfactory ex- 
planation for the high concentration of isotopes in the lower crown, 
on a per unit weight basis, appears to be that  as the isotopes move 
up the crown they become further diluted with nutrients cycling 
internally within the tree. Studies with Pit, us taeda suggest that  
there is movement of stored N and P from the wood and bark into 
the foliage in the spring 10. The movement of nutrients out of older 
foliage before needle fall is also well documented s 10 is 

A striking difference between the two isotopes was in their 
pattern of accumulation in different ages of foliage (Fig. 1 and 
Table 2). The highest levels of N 15 were in the current foliage while 
those of p82 were found in the older foliage. A full explanation of 
these patterns of accumulation cannot be made on present infor- 
mation. 

The high level of N 15 was associated with foliage with high levels 
of total N. N o m m i k  11, who observed a similar pattern, suggested 
that  it was best explained by  consideration of the basic metabolism 
of leaves of varying ages. Young developing leaves require high 
amounts of N for protein synthesis, while older foliage requires 
little additional N because photosynthesis is their major function. 
However, the total N concentration was found to increase signifi- 
cantly in all ages of foliage. Thus over the initial 10 week period the 
current foliage rose from 0.85 to 1.01 per cent N, the 1-year-old 
foliage from 0.82 to 0.95 per cent and the 2-year-old foliage from 
0.61 to 0.87 per cent N. 

Similar high levels of pa2 in the old foliage have been reported by  
W a l k e r  2o, though other workers have reported contrasting re- 
sults 1 5 IS. One explanation may be that  this is due to a dilution 
effect caused by  the rapid growth of the current foliage. The foliage 
concentration of P is high for this species of pine and there are also 
indications of a dilution of total P in current needles. Total P levels 
in the current foliage dropped from 0.140 to 0.111 per cent over the 
10 week period, while the 1-year-old foliage levels rose from 0.154 
to 0.159 per cent and the 2-year-old foliage levels rose from 0.166 
to 0.180 per cent. 

Long-term changes in the/oliage 

The fertilizer application increased the concentration of N in the 
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needles present on the trees at the time of application (Fig. 2). 
However, for both these foliage ages, the differences between 
treatments diminished during the winter as the N was translocated 
prior to needlefall. The N in the foliage initiated in the second 
growing season did not show significant response to treatment. 

In contrast to total N concentration, the labeled-N (expressed 
as a percentage of N derived from the fertilizer) was markedly in- 
fluenced by  fertilization in all ages of foliage (Fig. 3). Furthermore, 
the differences among treatments did not diminish with time to the 
same extent as with total N concentrations. The highest level of N 15 
occurred about 12 weeks after the fertilizer was applied and at this 
time some 8.5 and 27.5 per cent of the N in the current needles of 
the low-N and high-N treatments had been derived from the fertil- 
izer. 

The effect of the fertilizer on total N content was a transitory one 
with the only significant effect of the treatment being observed in 
the current foliage at the start of the experiment (Fig. 4). In contrast, 
the needle content of labeled-N showed definite treatment effects 
for all classes of foliage (Fig. 3). The main effects of time and the 
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=r a n d  2 are t h e  low- a n d  h igh -N t r e a t m e n t s  for t h e  1-year-old foliage in t h e  
f i rs t  g rowing  season;  3 a n d  4 are  t h e  low- a n d  h i g h - N  t r e a t m e n t s  for  t h e  
c u r r e n t  foliage in  t h e  f i rs t  g rowing  season;  5 a n d  6 are  t h e  low- and  h i g h - N  
t r e a t m e n t s  for  t h e  c u r r e n t  foliage in t h e  second growing  season, respect ive ly .  

interaction of time and treatment were also significant for current 
foliage formed in both growing seasons. Thus while seasonal patterns 
were similar, the changes were most marked in the high-N treatment.  
I t  is apparent that  uptake of N from tile fertilizer slowed after the 
12th week, but did not cease and movement into current foliage conti- 
nued into the winter. 

It  is interesting to note that  the N15 content of the new foliage 
initiated in the second growing season eventually surpassed that  in 
the previous year's needles, although the proportion of~total N from 
the fertilizer was consistently lower in this new foliage (Fig. 3). 
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A large amount of the N required for the current flush in the 
second growing season was apparently derived by  redistribution 
(internal nutrient cycling). In the second growing season the 1-year- 
old foliage (e.g. foliage formed in the season the fertilizer was applied) 
decreased in total N and N 15 content. These losses, between January 
and September, were 0.57, 0.90, and 1.24 mg N per needle for the 
control, low-, and high-N treatments, respectively. In this same 
period, the new needles accumulated an average of 1.69 mg of N. 
The amount of N 15 lost by  the old flush was 0.09 and 0.45 ~e per 
needle for the low- and high-N treatments, respectively. The figures 
illustrate not only the importance of nutrient transfer, but  also 
suggest that  the fertilizer N, which initially went into partially 
formed needles, was incorporated into more easily mobilized 
compounds in the needles. 

Movement o / N  15 in the soil 

The amount of labeled-N in the litter decreased rapidly, with 
almost all of the leaching taking place in the first three weeks (Fig. 
5). In this period a total of 30 mm of rain reached the forest floor. 
Between the third and sixth week a further 54 mm of rain was 
recorded and the fertilizer-N in the litter of the high-N treatment 
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Fig. 5. The depletion of fertilizer-N ill the litter and litter plus topsoil over 
two growing seasons. I and 2 are the low- and high-N treatments, respectively. 

decreased from 20 to 9 per cent of that  applied. In terms of absolute 
amounts of fertilizer-N held in the litter the retention at 6 weeks 
was equal to 3.8 and 6.8 me/100 g of litter, for the 56 and 224 kg 
N/ha treatments, respectively. Thus, the amount of labeled-N 
held in the litter was not in proportion to the rates applied. The 
rapid leaching of NH4-N through the litter agrees with a study 
under Douglas-fir 4 and the retention pattern for the two rates of 
fertilizer-N and the longer-term stability of labeled-N levels with 
findings that  the NH4-ion is initially held on cation exchange sites 
of the organic matter  and that  it later undergoes biochemical 
reactions to become partly non-exchangeable 12 14 

The movement of labeled-N down the soil profile and changes 
with time are illustrated in Fig. 5 and 6. At any one time, the greatest 
amount of labeled-N was held in the top 10 cm of soil. The average 
CEC of the soil was 3.8, 2.8, 2.5, and 1.9 me/100 g soil for the 0-10, 
10-20, 20-30, and 30-50 cm depths. The analysis of variance on the 
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individual plot samples collected at the end of the second growing 
season indicated that  labeled-N was significantly higher in the 
high-N treatment.  The effect of greater retention in the upper part  
of the profile was also reflected in the significant soil depth and 
treatment x soil depth effects. In contrast, the total N concentration 
in the soil at the end of the second growing season was not signifi- 
cantly influenced by treatment.  Total N decreased from 0.041 per 
cent in the 0-10 cm zone to 0.019 per cent at the 40-50 cm depth. 

There was a rapid depletion of labeled-N from the litter + soil 
in the first 12 weeks, followed by stable conditions thereafter (Fig. 6). 
The period of rapid decline is associated with probable leaching and 
gaseous losses 19, as well as uptake by the trees. Overrein la has 
reported that  during the 12 weeks of his lysimeter study about 20 
per cent of the ammonium chloride (applied at 25 g N/m 2) leached 
through a podzolic soil with a higher CEC and clay content than 
the soil used in this study. Periods of intense rainfall occurred in 
July, August, and September following the fertilizer application. 
The heavy rain in the eighth week of the study (mid-July) has 
already been commented on (Table 1). 

The possible leaching of N from these soils has important 
implications in the selection of fertilizer sources, and time and rate 
of application. The use of slowly available sources of N would 
appear to have advantages. Greater uptake might also be achieved 
by applying the fertilizer in the autumn, immediately before the 
winter dry period. 

CONCLUSIONS 

A 10-week study of ps~ and N I5 uptake from labeled concentrated 
superphosphate and ammonium sulphate fertilizers showed that:  

(1) Both isotopes accumulated in higher concentrations in tissue 
of the lower part of the crown than in the upper crown. 

(2) There was little difference in total or labeled-N and -P levels 
among foliage samples from different orders of branches within a 
crown level. 

(3) The highest levels of labeled-N were in the current foliage, but  
the highest levels of labeled-P were recorded in the older foliage. 

(4) Uptake of p32 was approximately linear between the third 
and tenth weeks, indicating a more or less constant availability. 
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In contrast, the uptake of fertilizer-N showed a marked reduction 
in the seventh week, associated with a drop in the amount of 
labeled-N in the rooting zone. 

The longer-term changes in labeled- and total-N in the foliage, 
litter, and soil were followed over the two growing seasons. The 
conclusions were: 



464 D. J .  MEAD AND W.  L.  P R I T C H E T T  

(1) The N concentration in the needles was influenced by  the 
fertilizer only during the first growing season. 

(2) The concentration of labeled-N in the foliage reached a 
maximum at about 12 weeks at which time some 8.5 and 27.5 per 
cent of the N in the current foliage of the 56 and 224 kg/ha treat- 
ments, respectively, had come from the fertilizer. 

(3) Before the 1-year-old needles were shed at the end of the 
second growing season a portion of the N was translocated to the 
new flush. 

(4) The fertilizer-N was leached rapidly through the litter when 
the rain occurred. At the end of 3 weeks only 20 and 17 per cent of 
the applied N remained in the litter for the low- and high-N treat- 
ments, respectively. 

(5) Labeled-N leached down the soil profile. The total amount 
of fertilizer-N in the litter and topsoil was stable after 12 weeks, 
with 39 and 21 per cent of the applied N present in the low-N and 
high-N treatments, respectively. 
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