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Mhen arid Where t o  Apply F e r t i  1 i z e r  

KEY POINTS 

I f  you are growing l o b l o l l y  p ine i n  p l a n t a t i o n s  and you 
are l o o k i n g  f o r  a t t r a c t i v e  investments i n  increased 
wood product ion ,  cons ider  f o r e s t  f e r t i l i z a t i o n .  

- P lann ing  f o r  f e r t i l i z a t i o n  requ i res  months of l ead  t i m e  
t o  o b t a i n  s o i l s  i n fo rma t i on ,  t o  t ake  f o l i a g e  samples, 
and t o  have them analyzed. 

Resu l t s  of f o l i a r  ana l ys i s  are key i n d i c a t o r s  of needs 
f o r  s o i l  n u t r i e n t s ,  and spec ia l  procedure f o r  c o l l e c t -  
i n g  f o l i a g e  samples must be fol lowed. I f  a  reyenera- 
t ? o n  c u t  i s  planned, f o l i a g e  samples can be taken from 
t h e  s tand  before  harvest  t o  determine the  need f o r  
phosphorus a p p l i c a t i o n  before a  new stand i s  p i  anted. 

A p p l y i n g  50 pounds o f  phosphorus per  acre increases 
lob101 ly p ine  s i t e  index (age 25) by 10 t o  15 f e e t  
on t y p i c a l  very poo r l y ,  poor ly ,  and somewhat poo r l y  
d r a i n e d  s o i l s  on t h e  Lower Coastal  P la in .  

A need le  phosphorus content  o f  l e s s  than 0.10 percent  
i n d i c a t e s  a  need f o r  so i  1 phosphorus. The growth re -  
sponse t o  phosphorus f e r t i l i z a t i o n  increases as t h e  
need1 e  phosphorus content  w i t hou t  f e r t  i 1 i zat  i o n  
decreases from 0.10 t o  0.06 percent.  

I n  we1 1 -stocked (but not overstocked) stands, 5-year 
volume increment can be increased by 200 t o  300 cub i c  
f e e t  p e r  acre  by app l y i ng  150 pounds o f  n i t r o g e n  per 
acre,  p l u s  25 pounds of phosphorus per acre i f  both  a r e  
needed. 

Responses t o  n i t r o g e n  f e r t i l i z a t i o n  are  best on s o i l s  
where n u t r i e n t  supp l i es  are  l i m i t i n g  growth but  m i s -  
t u r e  c o n d i t i o n s  are  Favorable. H igh l y  responsive 
s tands have basal  areas o f  70 t o  I20 square feet per 
acre,  f o l i a r  n i t r o g e n  contents  l e s s  than 1.2 percent,  
and s i t e  indexes (age 25 )  between 50 aqd 7 5  feet .  

* a  I n  s e l e c t e d  stands, investments i n  f o r e s t  f e r t i l i z a t - i o n  
can be expected t o  y i e l d  re tu rns  o f  10 t o  28 percent  ~f 
i nc reases  i n  product  value are taken i n t o  account. 



The n o t i o n  o f  i m p r o v i n g  p l a n t  g rowth  by i n -  
c r e a s i n g  the s u p p l i e s  o f  s o i  1 n u t r i e n t s  i s  ve ry  
0 7 4  h u t  i t s  a p p l i c a t i o n  i n  t h e  f o r e s t s  o f  t h e  
Southern  U n i t e d  S ta tes  i s  r a t h e r  new, I n  p r i n -  
c i p l e ,  f e r t i l i z e r  a p p l i c a t i o n  i v p r o v e s  growth i f  
t h e  r l u t r i e n t s  t h a t  are appl  i ed were s t ~ f f i c i e n t l y  
sca rce  t o  l i m i t  p l a n t  growth, I n  p r a c t i c e ,  f e r -  
t i l i z e r  a p p l i c a t i o n  i s  p r o f i t a b l e  i f  t h e  improve-  
ment i n  growth more than  pays t h e  c o s t s  o f  t r e a t -  
ment. Research r e s u l t s  i n  r e c e n t  years  show t h a t  
f e r t i l i z i n g  l o b l o f l y  p i n e  s tands can o f t e n  he 
p r o f i t a h l e ,  and avai  l a b l e  reco rds  show t h a t  f e r t i  - 
l i z e r  had heen a p p l i e d  t o  some 875,000 acres o f  
l o h l o l  l y  p i n e  by 1982, The t r i c k  f o r  a  f o r e s t  
manager i s  t o  determine when and where oppor tun-  
i t i e s  t o  p r o f i t a b l y  f e r t i l i z ~  e x i s t .  Th is  gu ide 
i s  meant t o  a s s i s t  i n  t h a t  process,  

Promi s i  ng Research R e s u l t s  

The f i r s t  fo rmal  s t u d i e s  o f  f o r e s t  f e r t i l i -  
z a t i o n  i n  t h e  Southeastern  I J n i t e d  S ta tes  were w i t h  
phosphorus ( P )  on s l a s h  p i n e  i n  1945, and w i t h  
n i t r o g e n  ( N )  and phosphorus on l o h l o l l y  p i n e  i n  
t h e  1950's.  Large inc reases  i n  growth were ob- 
served when phosphorus was a p p l i e d  t o  wet, phos- 
p h o r u s - d e f i c i e n t  s o i  1s o f  t h e  Lower Coastal  P l a i n .  
B e n e f i t s  f rom N a p p l i c a t i o n  were a l s o  observed, 
b u t  t h e  r e s u l t s  were no t  as s p e c t a c u l a r  as t h o s e  
f r o m  P. These e a r l y  r e s u l t s  l e d  t o  t h e  f o r m a t i o n  
o f  c o o p e r a t i v e s  a t  t h e  l i n i  v e r s i t y  o f  F l o r i d a  and 
a t  Nor th  C a r o l i n a  S t a t e  I J n i v ~ r s i t y  t o  work w i t h  
f o r e s t  i n d u s t r y  i n  t h e  development o f  f o r e s t  f e r -  
t i l i z a t i o n  techno logy,  

The Nor th  C a r o l i n a  S t a t e  F o r e s t  F e r t i  1  i z a t i o n  
Coopera t i ve  has p r i m a r i l y  i n v e s t i g a t e d  l o b l o l  l y  
p ine ,  t h e  s p ~ c i e s  d i scussed  i n  t h i s  p u b l i c a t i o n ,  
Recommendations p resen ted  he re  a r e  based l a r g e l y  
on t h e  r e s u l t s  o f  a  l a r g e  number o f  f e r t i l i z e r  
t r i a l s  conducted by t h a t  c o o p e r a t i v e  and t h e  
Southeastern  F o r e s t  Exper iment S t a t i o n ,  



On many wet s o i l s  on t h e  Lower Coastal P l a i n ,  
a p p l i c a t i o n  o f  P d r a m a t i c a l l y  improves l o h f o l l y  
p i n e  growth. On t h r e e  such s o i l s ,  a p p l i c a t i o n  o f  
P a t  50 pounds per  acre a t  p l a n t i n g  t ime  improved 
1 oh1 01 1 y  pine growth s u f f i c i e n t l y  t o  i nc rease  t h e  
e s t i m a t e d  s i t e  index  (age 25) hy 15 t o  17 f e e t  
( t a b l e  f). 

T a b l e  1.--Hei ght, p ro jec ted  s i t e  index, and p ro jec ted  y i e l d  for  l o h -  
lo1 ly pine on three s o i l s  f e r t i l i z e d  w i t h  50 pounds of phosphorus per 
acre and n o t  f e r t i  1 i zed 

Soi 1 Pro jected volume a t - -  
and when Age Height S i t e  index 

t reatment  measured (age 25) 
Age 25 Age 40 

Years - .. Feet - - - Cubic fee t  pe r  acre 

Leon 

None 9 16 (35 1,500 2,200 

5 0 9 22 5 0 2,350 3,150 

Woodi nqt on 

None 13 2 4 42 1,600 2,600 

50 13  34 59 3,600 4,700 

Leaf 

None 15 4 3 6 7 4,022 4,884 

5 0 15 5 4 84 6,200 8,000 

Among t h e  t h r e e  s o i l s ,  t h e  percentage ga in  i n  
s i t e  i n d e x  was l a r g e s t  on t h e  poorest one, t h e  
Leon, The p r o j e c t e d  volume increases a t  ages 25 
and 40, however, were g r e a t e r  f o r  t h p  Woodington 
and t h e  Leaf s o i l s ,  wh ich  were o f  h igher  q u a l i t y  
be fo re  t rea tment ,  The manager must he concerned 
p r i m a r i  l y  w i t h  t h e  p r o s p e c t i v e  i n c r ~ a s e  i n  y i e l d l  

Cons ider  t h e  example o f  the Woodington s o i  1 ,  
The e s t i m a t e d  i n c r e a s e  i n  volume p e r  acre a t t r i h -  
r t t a b l e  t o  P a p p l i c a t i o n  was 2,000 c u b i c  f e e t  a t  
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I n  15- t o  25-year-old stands on t h ~  Piedmont, 
N a1 one produced about " c ~  same y i e l d  inc reases  as 
N, P, a n d  K (potassium) together .  I n  4- t o  10- 
y e a r - o l d  stands i n  t h e  same region, t he re   as some 
advantage t o  adding P along w i t h  N ( t a b l e  3 ) .  I n  
t h e  Lower Coastal P l a i n  and t o  a  l esse r  e x t e n t  i n  
t h e  Upper Coastal P la i n ,  P mixed w i t h  N was henp- 
f i c i a l  f o r  t rees  i n  both age groups. 

Tah te  3.--Eight-year gross volume mean response t o  n i  tr;.cjen 
p l u s  phosphorus i n  4- t o  10-year-old l o h l o l l y  p ine  stands 
modera te l y  d e f i c i e n t  i n  phosphorus 

F e r t i l i z a t i o n  Lower Upper Piedmont 
t r e a t m e n t  Coastal  PI a i  n Coastal  P l a i n  
( l b l a c r e )  

- - - - -  - C u b i c  f e e t  per  acre - - - - - - 

Number o f  s t u d i e s  i n d i c a t e d  i n  parentheses. 

Growth r a t e s  i n  areas f e r t i l i z e d  w i t h  N gen- 
e r a l l y  r e t u r n  t o  p r e f e r t i l i z e d  l e v e l s  i n  5 t o  8 
years.  I n  t h e  i n t e r i m ,  e f f e c t s  amount t o  an ac- 
c e l e r a t i  on o f  stand development. Resul ts  o f  many 
s t u d i e s  show t h a t  N f e r t i  1  i z a t i o n  advances s tand 
development by changing d i  ameter d i  s t  r i  bu t  i ons, 
mo r ta l  i ty  , and domi nant hei  ghts. The average ad- 
vance i n  stand development f rom 100 t o  151) pounds 
p e r  acre o f  N i s  equ i va len t  t o  almost 1 year  i n  
t h e  5 y e a r s  a f t e r  a p p l i c a t i o n .  More responsive 
stands g a i n  cons iderab ly  more than t h e  average* 
Cons ide ra t i on  o f  s tand development i s  impor tant  
because volrlme added t o  l a r g e  t r ees  i s  more v a l -  
uab le  t h a n  t h a t  added t o  sma l le r  ones, and f e r t i -  
l i z a t i o n  increases growth o f  l a r g o  t r e e s  more than 
s r n a l l ~ r  ones i n  a s t a n d ,  



R e l i a b l e  d a t a  on growth responses o f  s tands 
o v e r  age  25 come f r o m  on ly  seven s tud ies- - two i n  
t h e  Lower Coastal P la in ,  one i n  t h e  Upper Coastal 
P la i n ,  and Pour i n  t h e  Piedmont, The 5-year v o l -  
ume increases from 100 pounds o f  N and 50 pounds 
o f  p pe r  a c r e  averaged 166 cub ic  Feet per acre f o r  
f o u r  stands age 26 t o  30, and 206 cubic  f ee t  per  
ac re  f o r  t h ree  stands 35 t o  36 years o ld ,  No 
i nc rease  i n  diameter growth was de tec tab le  3 years  
a f t e r  200 pounds per  acre o f  N was app l ied  t o  a  
s tand over 50 years o l d  on a  h i g h - q u a l i t y  s i t e  on 
t h e  Piedmont PI ateau. 

Those r e s u l t s  i n d i c a t e  a sma l le r  increase i n  
volume a f t e r  t reatment  f o r  stands over 25 than f o r  
7 5- t o  25-year-old stands, The g rea te r  wood va lue 
i n t r e e s  25 t o  40 years o ld ,  however, should make 
t rea tment  o f  t h e  o l d e r  stands cos t  e f f e c t i v e ,  

L o h l o l  l y  p ine  w i  11 respond t o  N a p p l i c a t i o n s  
f rom the t ime o f  p l a n t i n g  i f  compet i t i on  i s  con- 
t r o l  l ed ,  and some very good growth responses have 
been obta ined i n  5- t o  10-year-o ld  stands, From 
an economic p o i n t  o f  view, however, re tu rns  from 
t rea tments  i n  young stands are l ess  a t t r a c t i v e  
than  those i n  o l d e r  stands because investments i n  
young stands must be c a r r i e d  f o r  longer  per iods. 

The on ly  f e r t i l i z e r  elements c u r r e n t l y  known 
t o  produce economical l y  a t t r a c t i v e  growth i n -  
creases i n  lob101 l y  p ine  are N and P. K, and pos- 
s i b l y  o the r  elements, l i m i t s  growth on some s i t e s ,  
bu t  f u r t h e r  research w i l l  be needed be fo re  t h e i r  
appl i c a t i o n  can be recommended . 
Determi n i  ng F e r t i  1 i z e r  Needs 

The k inds  o f  yrowLh responses we have de- 
sc r ibed ,  and t h e  a t t r a c t i v e  investment opportun- 
i t i e s  they imply,  are not avai 1  ah1 e  everywhere. 
The prudent manager must l e a r n  t o  i d e n t i f y  t h e  
c i  tas v ~ h e r ~  grointti.; r e s p ~ n s e s  w i  11 he s a t i  s f ac to r y .  



Money spent on t h i s  i d e n t i f i c a t i o n  process w i l l  be 
saved many t imes over  3y avo id ing  was te  o f  f e r t i -  
l i z e r .  We recommend f o l i a r  ana lys is  f o r  i d e n t i -  
f y i n g  s i t e s  t o  f e r t i l i z e .  Even where such t ech -  
no1 ogy i s used, t h e  p r e d i c t  ior l  of responses w i  l 1 
be l e s s  than p e r f e c t ,  hut  t h i s  technology w i  11 i m -  
prove t h e  p r o h a b i l i t y  o f  success* 

Phosphorus - 

The s e l e c t i o n  o f  s i t e s  f o r  P a p p l i c a t i o n  
should be based on so i  1  type, so i  1  drainage, 
c u r r e n t  t r e e  performance, and f o l  i a r  t e s t s .  
Stands on very p o o r l y  t o  somewhat poo r l y  d ra ined  
c l a y s  and sands (Aquults,  Aquents, and Aqt~ep ts )  on 
t h e  Lower Coastal P l a i n  genera l l y  respond we1 1  t o  
a d d i t i o n s  o f  P, I f  t h e  stand t h a t  i s  be ing  har -  
vested f rom such a  wet s o i l  has a  s i t e  index (age 
25)  helow 60 f e e t  o r  i f  t he  e x i s t i n g  stand i s  no t  
v igorous ,  P f e r t i l i z a t i o n  should he considered. 

S i t e  i d e n t i f i c a t i o n  can be f u r t h e r  r e f i n e d  by 
a n a l y z i  n g  sampl e  needl es from 1-year-01 d  o r  o l  der  
stands. Methods f o r  co l  l e c t i  ng samples are 
d e s c r i b e d  l a t e r  i n  t h i s  p u b l i c a t i o n .  The t o t a l  P  
c o n c e n t r a t i o n  i n  ovendried needles i s  t h e  bes t  
i n d i c a t o r  o f  t h e  need t o  f e r t i l i z e ,  Gu ide l ines  
f o r  P  f e r t i l i z a t i o n  based on f o l i a r  P concentra-  
t i o n s  f o r  l o b l o l l y  p ine  are:  

Percent  
concent r a t i o n  -- .- - .- - - -- - - -- I n t e r p r e t a t i o n  -- - - -- 

< 0.10 D e f i c i e n t  , h igh  probabi 1  i t y  
o f  response 

0.10-0.12 C r i t i c a l  range, general i y  
responsive i n  comhi n a t i  on 
w i t h  n i t r ogen  

General l y  not  responsi  vn 



Ni t rogen  (Ui t h  and Without Phosphorus) ----------------- ---- - 

S e l e c t i o n  o f  stands f o r  N a p p l i c a t i o n  depends 
on s tand  s tock ing  and t r e e  s i z e  as we l l  as s i t e  
f a c t o r s .  S tock ing  must be considered b e c a ~ ~ s e  i t  
determines how f u l l y  t h e  stand w i l l  u t i l i z e  t h e  
added resource. Tree s i z e  i s  impor tan t  i n  de te r -  
m in ing  t h e  economic value o f  a  s tand 's  growth 
response, 

Recogni t i  o~  o f  stands w i t h  M d e f i c i e n c i e s  
from t h e i r  s o i l  and s i t e  c h a r a c t e r i s t i c s  i s ,  a t  
best ,  i w x a c t .  The ob jec t i ve ,  o f  course, i s  t o  
f i n d  stands where a lack  o f  N alone o r  i n  com- 
b i n a t i o n  w i t h  P i s  l i m i t i n g  t r e e  growth. There i s  
no p o i n t  , f o r  example, i n  adding N t o  a s i t e  where 
t h e r e  i s  not enough s o i l  mo is tu re  t o  permi t  a 
l a r g e  inc rease  i n  t r e e  growth. Sdte index can be 
an i n d i c a t o r  o f  n u t r i e n t  de f i c i ency ,  but it i n t e -  
g ra tes  o the r  f a c t o r s  as we1 1, i ~ c l u d i n g  s o i l  mois- 
t u r e  and o the r  environmental  resources. As w i t h  
P, we have found t h a t  N d e f i c i e n c i e s  are most r e -  
1  i ab l y  determined through fo1 i a r  analys is .  

We have a1 so developed general guide1 i nes  f o r  
i dent i fy i  ng promis ing s i t e s  f o r  N appl i c a t i  on. 
With these gu ide l ines ,  many s i t e s  can be categor-  
i z e d  as l i k e l y  t o  be very responsive, moderately 
responsive, o r  weakly responsive: 

Very responsive. Th is  category inc ludes  
s i t e s  where i n s u f f i c i e n t  n u t r i e n t  supp l ies  are 
l i m i t i n g  growth bu t  mo is tu re  a v a i l a b i l i t y  and 
o the r  s i t e  f a c t o r s  are favorable.  Examples i n -  
c lude  most c layey upland Piedmont s o i l s  (e.g., 
Ceci l and Davidson), poo r l y  t o  moderately d r a i  ned 
sandy Coastal  P l a i n  s o i l s  (e.g., Chipley,  O c i l l a ,  
a n d  Pactol  us ) , and m d e r a t e l  y we1 l - d ra i  ned so i  l s  
w i t h  r e l a t i v e l y  deep spodic hor izons (e.g., Cen- 
t ena ry  and Echaw), 

Moderately responsi ve. Thi s  group i n c l  udes 
a broad range sf so i  1  and s i t e  cond i t i ons  t y p i f i e d  



by moderately we1 1  "L owe1 1 -d ra ined  u p l a n d  loamy 
s o - i l s  (eeg., Orangebug, N o r f o l k ,  and Ruston),  On 
t h e s e  s i t e s ,  i n s u f f i c i e n t  mi strrre may r e s t r i c t  
f e r t i l i z e r  response du r i ng  some p a r t i o n  o f  t h e  year ,  

Weakly responsive, On many s i t e s  i n  t h i s  
group, n u t r i e n t  l i m i t a t i o n s  are overshadowed by 
g ross  d e f i c i e n c i e s  i n  o ther  envi  ronmental f a c t o r s ,  
l i k e  mo is tu re  a v a i l a b i l i t y  and s o i l  r o o t i n g  v o l -  
ume- Many we1 1  -drained upland so i  1s must be 
p laced  i n  t h i s  category because i n s u f f i c i e n t  
moi s t u r e  w i  11 1  i m i  t response t o  f e r t  i 1 i zer  
appl  i c a t i o n  du r i ng  most years.  Ce r ta i n l y ,  t h i s  
c o n d i t i o n  e x i s t s  i n  s o i l s  w i t h  a  sandy su r f ace  
h o r i z o n  more than 40 inches deep (e.g., Troup and 
Lakeland) .  Root ing volume r e s t r i c t i o n s  occur i n  
s o i  1 s  w i t h  t h i c k  spodic hor izons occr l r r ing  near 
t h e  s o i l  sur face (e.g., Mu rv i l  l e  and Lynn Haven) 
and i n  s o i l s  w i t h  shal low bedrock o r  a f r a g i p a n  
(e.g., Lax and Tal ladega).  A lso inc luded  i n  the 
group o f  nonresponsive s o i l s  must he t h o s e  t h a t  
a1 ready have s u f f i c i e n t  n u t r i e n t s  present,  Such 
s i t e s  w i f  1  normal ly  be t h e  very best-- those w i t h  
s i t e  indexes a t  age 25 o f  more than 70 f e e t .  Typ- 
i c a l  members o f  t h i s  group are mineral  so i  I s  w i t h  
a t h i c k  o rgan i c  mat te r  accumulation a t  t h e  su r f ace  
wh ich  have been a r t - i f i c i a l l y  dra ined arld f e r t i -  
l i z e d  w i t h  P (e.g., Bayboro and Pantego). 

A f t e r  promis ing s i t e s  have been i d e n t i  f iec l  i n  
t h e  way j u s t  descr ibed, t h e  f o l  lowing guide1 i nes  
shou ld  be used i n  s e l e c t i n g  stands t o  t r e a t :  

1. Stand s tock ing  should be moderate 
(70-120 square f e e t  per  acre o f  
p i ne  basa l  area).  

2, The N concen t ra t i on  o f  ovendried 
sample needles s h o u l d  be l ess  than 
3.2 percent .  I f  t h e  P concent ratf on 
i s  less than  0J.2 percent,  P should  
be applied a l o n g  w i t h  N, 



3. Treat 5 t o  8 years be fo re  t h e  
p l  anned harvest ,  

4. The s i t e  index f o r  age 25 should be 
between 50 and 75 f ee t .  

On t h e  s i t e s  i d e n t i f i e d  i n  t h i s  manner, N a t  
150 pounds per  acre should be appl ied.  Where P 
a l s o  i s  needed, apply  25 pounds per  acre. A t  
l e a s t  75 percent  o f  t h e  stands i d e n t i f i e d  i n  t h e  
manner descr ibed should respond t o  t reatment i n  an 
economica l ly  a t t r a c t i v e  way i f  t h e r e  i s  a  market 
f o r  mixed wood products.  

The p o t e n t i a l  f o r  overstocked, stagnated n a t -  
u r a l  stands t o  respond t o  f e r t i l i z a t i o n  i s  ques- 
t i o n a b l e .  I f  f o l i a r  t e s t s  i n  such stands i n d i c a t e  
a need, P a p p l i c a t i o n  may be e f f e c t i v e ,  but N ap- 
p l  i c a t i o n  should probably  be delayed u n t i  1  t h e  
stand i s  thinned, 

N i t rogen  f e r t i  1  i z a t i  on can he economical l y  
a t t r a c t i v e  i n  3- t o  10-year-old stands i n  t h e  
Lower Coastal P l a i n  i f  t h e  stand a l s o  has severe P 
de f i c i ency .  Where P must be app l ied ,  t h e  cos t  o f  
app l y i ng  N as we l l  i s  l i t t l e  more than cost  o f  t h e  
a d d i t i o n a l  f e r t i l i z e r .  

F e r t i l i z e r s  and Methods f o r  App ly ing  Them 

Inorgan ic  F e r t i  1  i z e r s  --.- - - -- 

Phosphorus may be app l i ed  as t r i p l e  super- 
phosphate (TSP) (20 percent  P) , d i  ammoni um phos- 
phate (DAP) (18 percent  N, 20 percent  P), o r  f i n e -  
ground rock phosphate (GRP) ( 9  t o  13 percent P). 
The f i r s t  two are h i g h l y  so lub le ,  whereas t he  
l a s t  i s  on ly  s l ow l y  so lub le .  Al though long- term 
comparisons on l o b l o l l y  p i ne  have not been made, 
TSP and GRP appear t o  be equa l l y  e f f e c t i v e ,  When 
a source o f  GRP i s  nearby, i t s  cos t  i s  u s u a l l y  
lower  p e r  pound of P than i s  TSP. The cos t  o f  



a p p l y i n g  GRp may he h i  g%r ,  however, hec-iirse i t  
i s  h a r d e r  t o  spread than TSP and because iriore of 
i t  must  be a p p l i e d  t o  add a g i ven  amount o f  P. 
DAP i s  an o p t i o n  where b o t h  N and P a r e  needed, 

Uhere a  P d e f i c i e n c y  has heen i d e n t i f i e d ,  ap- 
p l y  s u f f i c i e n t  f e r t i  1  i z e r  t o  add 411 t o  50 pounds 
o f  P p e r  acre, Apply a t  t h e  t i m e  of p l a n t i n g  o r  
as soon after as p r a c t i c a l .  The season o f  a p p l i -  
c a t i o n  has no i m p o r t a n t  e f f e c t  on t h e  p i n e  r e -  
sponse. 0n stands age 3 or o l d e r ,  OAP can he 
a p p l i e d  t o  add N as w e l l  as P i f  an N d e f i c i e n c y  
i s  suspected. The a d d i t i o n a l  c o s t  o f  DAP o v e r  TSP 
i s  r e l a t i v e l y  smal l  and p e r m l t s  an economical ap- 
l i c a t i o n  o f  a  smal l  amount o f  N, 

Ammonium n i t r a t e  (33 pe rcen t  N )  and u rea  (46 
p e r c e n t  N) a r e  t h e  most common f e r t i l i z e r s  used t o  
add N t o  f o r e s t  so i  1s. Some o f  t h e  n i t r a t e  fa i n  
ammonium n i t r a t e  can he l o s t  i n  l e a c h i n g  if heavy 
r a i n s  f o l l o w  a p p l i c a t i o n .  Some ammonium N can he 
l o s t  f rom urea as N H 3  gas passed t o  t h e  atmosphere. 
S i n c e  n e i t h e r  source has proved s u p e r i o r  f o r  ap- 
p l i c a t i o n  t o  sou the rn  p ine ,  t h e  cho ice  shou ld  be 
based on t h e  comparat ive  l o c a l  c o s t s  p e r  u n i t  o f  
N a p p l i e d .  

I n  genera l ,  an a p p l i c a t i o n  r a t e  o f  100 t o  150 
pounds o f  N pe r  ac re  i s  l i k e l y  t o  be most a t t r a c -  
t i v e  economica l l y .  A d d i t i o n a l  growth s t i m u l a t i o n  
can he ach ieved  by a p p l y i n g  200 t o  251) pounds of N 
p e r  acre,  b u t  t h a t  a d d i t i o n a l  growth i s  seldom 
s u f f i c f  e n t  t o  j u s t i f y  t h e  c o s t  o f  a p p l y i n g  t h e  
a d d i t i o n a l  100 pounds of N. 

S e v e r a l  a p p l i c a t i o n  methods have been suc- 
c e s s f u l  i n  t h e  South, P has been broadcast b e f o r e  
d i s k i n g  or bedding,  handed p r i o r  t o  bedding and 
i n c o r p o r a t e d  i n t o  t h e  s o i  1  d u r i n g  bedding, and 
b r o a d c a s t  f rom t h e  a i r  o r  ground o r  s idedressed 
a f t e r  p l a n t i n g ,  S ince  no c o n s i s t e n t  d i f f e r e n c e  i n  
growth has been a s s o c i a t e d  w i t h  the method o f  



appf  i c a t i  oq,  t h e  cheapest nethod w i  tfi t he  equip-  
ment a t  ?and should be favored, 

N i  t rogen has been appl i ed f rom he1 i copte rs  
and f i  xed-wi ng a i  r c r a f t  w i t h  good success. Where 
ground equipment can be used, however, ground 
a p p l i c a t i o n  i s  probably  cheaper, 

Sewage Sludge ------- 

Sewage sludge i s  o f t e n  an e f f e c t i v e  source o f  
N, P,  and o the r  elements f o r  t rees ,  1t-i 8- and 
27-year-old lob101 l y  p i ne  stands, 400 pounds per  
ac re  o f  h i g h l y  avai l a b l e  N i n  sewage sludge has 
been as e f f e c t i v e  as commercial f e r t i l i z e r ,  A 
s ludge i n  which t h e  N was i n  a  l ess  a v a i l a b l e  
form produced a sma l le r  immediate growth inc rease  
when t h e  equ iva len t  o f  600 pounds per acre o f  N 
was appl ied.  The b e n e f i t s  o f  t h i s  t reatment,  how- 
ever,  may be expressed f o r  a  longer  per iod. That 
s tudy i s  s t i  11 i n  progress, 

There are severa l  impor tan t  f ac to r s  t o  con- 
s i d e r  when a p p l i c a t i o n  of sewage sludge i s  con- 
templated, F i r s t ,  t h e  cost  o f  t h e  ma te r i a l  i s  
l i k e l y  t o  be low, but  t h e  cos t  o f  a p p l i c a t i o n  may 
be q u i t e  high. Second, sludges vary w ide ly  i n  
t h e i r  contents,  The candidate ma te r i a l  must be 
c a r e f u l l y  analyzed, and p i l o t  t e s t s  o f  i t s  e f f e c t s  
a re  adv isab le  he fo re  la rge-sca le  appl i c a t i o q s  are 
begun, F i n a l l y ,  t h e  approval o f  hea t t3  a u t h o r i -  
t i e s  i s  requ i red  i n  most States be fo re  sewage 
sludge can be appl ied.  

P J i  t rogen-Fi x i  ng P l  an ts  -- --4- - -- 

The c u l t u r e  of n i t r o g e n - f i x i n g  p l a ~ t s  i n  
f o r e s t s  may he considered an i n d i r e c t  form o f  N 
f e r t i l i z a t i o n .  Leguminous p l a n t s  established i n  
l o h l o l l y  p ine  p l a n t a t i o n s  a t  p l a n t i n g  o r  1 t o  2 
years  a f t e r  p l a n t i n g  add several  nundred pounds o f  
N per acre t o  t h e  s o i l  be fo re  they a rc  shaded out  
by t h e  p i n e *  Growtt.1 increases o f  7091 07 1y p ine  



h a v e  been o b s e w e d  3 o r  4- years  c?ff 'er t h e  pl dnt l 'ng  
o f  lespedeza spec ies  i n  y-otrng s tands ,  Tire d u r a -  
t i o n  o f  t h e  i nc reases  i s  no t  yet known, and t h e  
t e c h n o l o g y  f o r  use o f  n i t r o g e n - f i x - i n g  p l a n t s  i n  
f o r e s t r y  i s  s t i l l  b e i n g  developed. Use o f  such 
p l a n t s  i s  p romis iay ,  Rut o n l y  p i l o t  t e s t i n g  i s  
recommended b e f o r e  a t t e m p t i n g  a l a r g e  p r o j e c t ,  

F i r e  and F e r t i l i z a t i o n  --- ---.- - -- 

B u r n i n g  shou ld  be a ~ o i d e d  i n  l n h l o l l y  p i n e  
s tands  immed ia te l y  b e f o r e  and f o r  a  few y e a r s  
a f t e r  N a p p l i c a t i o n s .  A l though l i t t l e  r e s e a r c h  
has been done on e f f e c t s  o f  f i r e  on f e r t i l i z a t i o n  
r e s u l t s ,  some genera l  e f f e c t s  a r e  known. I f  u r e a  
i s  a p p l i e d  ove r  t h e  a l k a l i n e  ash t h a t  i s  p r e s e n t  
f o r  a  few months a f t e r  a  f i r e ,  some o f  t h e  f e r -  
t i  1 i z e r  kJ w i  '9 i be l o s t  t o  t h e  atmosphere as ammo- 
n i a @  Furthesmore,  b u r n i n g  w i t h i n  3 t o  4 y e a r s  
a f t e r  N a p p l i c a t i o n  i s  l i k e l y  t o  v o l a t s l i z e  N f r o m  
wha tever  f e r t i  l i z e r  s t i  1 f remai ns and f rom the  
n i t r o g e n - r i c h  l i t t e r f a l l  t h a t  f o l  lows f e t i  1  i za-  
t i o n .  Pc a v o i d  such losses,  a v o i d  b u r n i n g  f o r  6 
months p r i o r  t o  a p p l i c a t i o n  and f o r  4 years  a f t e r  
a p p l i c a t i o n  o f  N f e r t i l i z e r .  

Envi ronmental and Other Side E f f e c t s  

F o r e s t s  produce more t h a n  t r e e s ,  and f o r -  
e s t e r s  w i l l  want t o  know t h e  e f f e c t s  o f  f e r t i l i -  
z i n g  on t h e  e n t i r e  f o r e s t  ecosystem, Perhaps t h e  
1 a r g e s t  c u r r e n t  concerns a r e  w i t h  water  qua1 i t y e  
R e s u l t s  f rom t h e  Piedmont and Coastal  P l a i n  show 
l i t t l e  o r  no measurable i nc reases  i n  N o r  P i n  
streams a f t e r  f e r t i l i z a t i o n  o f  p i n e  s tands-  I n -  
c reases do occur  when f e r d i  1 i z e r  i n a d v e r t e n t  1  y 
f a l l s  on open water ,  bud movement frorn t h e  l a n d  
t o  t h e  w a t e r  appears t o  be s low and smallE When 
p a r t s  of watersheds have been fertililzed, a p p l y -  
i n g  m a t e r i a l  on ly  where it i s  needed, no changes 
i n  w a t e r  qua i  i 1 t y  have been detected, 



F e r t i l i z i n g  l o k l o l l y  p i ne  increases growth 
o f  unders to ry  p lan ts ,  adding so i  1  p r o t e c t i o n  and 
improv ing  w i l d l i f e  hab i t a t ,  S p e c i f i c  data f o r  
these b e n e f i t s  are lack ing ,  bu t  t h e  increase i n  
unders to ry  growth i s  easi  l y  observed. F e r t i  1  i z i n g  
inc reases  t h e  n u t r i t i o n a l  con ten t  as w e l l  as t h e  
volume o f  understory  p l an t s ,  making them more 
va luab le  as w i l d l i f e  food. P a r t i c u l a r l y  on phos- 
pho rus -de f i c i en t  so i  1  s, a p p l i c a t i o n  o f  f e r t i  1  i z e r  
can be expected t o  s i g n i f i c a n t l y  improve deer 
h a b i t a t .  

L o h l o l  l y  p ine  i s  r e l a t i v e l y  e f f i c i e n t  a t  
t a k i n g  up n u t r i  en ts  t h a t  are i n  shor t  supply. It 
su rv i ves  i n  s o i l s  t h a t  are t o o  d e f i c i e n t  i n  nu- 
t r i e n t s  f o r  s u r v i v a l  o f  many n a t i v e  species. 
Thus, app l y i ng  f e r t i l i z e r  t o  such so i  1s i n  s u f -  
f i c i e n t  q u a n t i t i t e s  t o  improve pane growth can be 
expected t o  b e n e f i t  o the r  p l a n t  species even more. 

Increases i n  s e v e r i t y  o f  f u s i f o r m  r u s t  have 
been repor ted  i n  l o b l o l  l y  p i n e  stands f e r t i  1  i z e d  
a t  t h e  t ime  o f  p l an t i ng ,  The increases, however, 
do not  appear t o  have been s u f f i c i e n t  t o  negate 
t h e  b e n e f i t s  o f  f e r t i l i z i n g .  

N i t r ogen  f e r t i  1  i z i  ng o f  p i ne  increases f o l  i - 
age and branch weights. I n  stands t h a t  have re -  
c e n t l y  been th inned  t o  c o r r e c t  severe overstock-  
i ng ,  t h e  a d d i t i o n a l  branch and f o l i a g e  weights may 
inc rease  t h e  r i s k  of i c e  breakage. Th is  r i s k  can 
be reduced by t h i  n n i  ng be fo re  overs tock i  ng becomes 
severe, and by de lay ing  f e r t i l i z a t i o n  f o r  a  year  
o r  two a f t e r  t h i nn ing .  

Fo l  i age Sampl i ng 

The recommendations presented i n  these guide- 
l i n e s  cannot be fo l lowed w i t hou t  t h e  r e s u l t s  o f  
f o l i a r  analyses. I n  t h i s  respect ,  f e r t i l i z e r  
p r e s c r i p t i o n s  i n  f o r e s t r y  d i f f e r  f rom those i n  
a g r i c u l t u r e ,  where p r e s c r i p t i o n s  are u s u a l l y  based 



on soi 1  analyses. E f f o r t s  are underway t o  ar range 
f o r  re1 i able, low-cost f o l  i a r  analyses f o r  
f o r e s t r y .  

A separate f o l i a g e  sample i s  reqrl i  r e d  f o r  
each u n i t  t h a t  d i f f e r s  apprec iab ly  i n  s o i l  t y p e  
or s tand  growth. I f  both s o i l  and f o l i a g e  Sam- 
p l  es a r e  bei ng co l  l ec ted ,  they should rep resen t  
t h e  same management u n i t s  o r  areas. Low concen- 
t r a t i o n s  o f  avai  l a b l e  phosphorus i n  so i  1  t e s t s  
a r e  not  r e l i a b l e  i n d i c a t o r s  o f  t he  need f o r  P, 
b u t  h i  gh t e s t  values show phosphat ic o r  h i  g h l y  
f e r t i l i z e d  s o i l s  and r u l e  out  t h e  need o f  f e r t i -  
1  i z a t i o n *  

Needles a re  easy t o  remove from seed1 i n g s  and 
s a p l i n g s ,  bu t  spec ia l  equipment i s  needed f o r  
l a r g e r  t r ees ,  Pole pruners are use fu l  i n  c o l l e c t -  
i ng needles from t r e e s  up t o  about 35 f e e t  t a l l .  
A gun i s  best f o r  sampling f o l i a g e  i n  t a l l e r  
t rees .  A 12-gauge shotgun on f u l  l choke does t h e  
j o b  q u i t e  we1 1  when loaded w i t h  number 4 shot.  

The f o l i a g e  sample f o r  each area o r  u n i t  
should be a  composite c o l l e c t e d  from a  minimum o f  
15 (and p r e f e r a b l y  more) dominant and codominant 
t r e e s  s e l e c t e d  a t  random from the  area* For  ex- 
pe r imen ta l  p l o t s  (0.05 t o  0.25 acres) ,  a  composite 
sample f rom 7 t o  10 t r e e s  i s  u s u a l l y  adequate, 

F o u r  r u l e s  must be fo l lowed:  

1. C o l l e c t  samples i n  December through 
March. 

2. C o l l e c t  a  pr imary l a t e r a l  branch 
f rom t h e  upper one-hal f  o f  t h e  
dominant o r  codominant t r e e *  A t  
t h e  p o i n t  o f  c o l l e c t i o n ,  t h e  crown 
should be e s s e n t i a l l y  f r e e  o f  com- 
p e t i t i o n  f o r  l i g h t .  

3 ,  Take needles on ly  f rom t h e  f i r s t  
f l u s h  o f  growth from t h e  prev ious 



growing season on the pr imary  
l a t e r a l  branch, The needles shou ld  
he r e p r e s e n t a t i v e  o f  t h e  upper crown 
and l a rge ly  Free o f  d i sease  o r  i n -  
s e c t  damage. The f i r s t  f l u s h  i s  
usually t h e  l a r g e s t ,  and i t  o f t e n  
f o l l o w s  a  smal l  f l u s h  o f  s h o r t  
needles ( f i g ,  1) .  

4. C a r e f u l l y  l a b e l  t h e  samples t o  be su re  
you  know what area they  came from. 

The composi te sample sent  t o  t h e  l a b o r a t o r y  
shou ld  c o n s i s t  of a t  l e a s t  200 needle f a s c i c l e s  
t h a t  a r e  f ree  of s o i  1 and o t h e r  con tamina t ion ,  

W i t h i n  12 hours  o f  c o l l e c t i o n ,  t h e  samples 
must he r e f r i g e r a t e d ,  s t o r e d  on i c e ,  o r  p laced  
i n  a d r i e r .  D r i e d  samples a r e  p r e f e r a b l e  f o r  
t r a n s p o r t i n g  t o  t h e  l a b o r a t o r y .  D r y i n g  i s  b e s t  
done i n  a  f o r c e d - a i r  oven a t  temperature  o f  140 
t o  160 O F ,  (60 t o  70 "C) f o r  24 t o  28 hours, 

Sample last fully mature flush, 

F i g u r e  PI--Fol i age  sampling position, 



Economi cs o f  Fores t  F e r t  i 1  i z a t i  on 

There i s  no th i ng  unique about f o r e s t  f e r t i  - 
1  i z a t i o n  as a  business investment. Even t h e  un- 
c e r t a i n t y  o f  y i e l d  increase i s  common w i t h  o t h e r  
p r a c t i c e s .  F e r t i  1  i z a t i o n  i nvo l ves  t h e  ou t1  ay o f  
cash today w i t h  t h e  expec ta t ion  o f  gene ra t i ng  a 
r e t u r n  over and above cos t  a t  some p o i n t  i n  t h e  
fu tu re .  Fores t  f e r t i  1  i z a t i o n  must compete suc- 
c e s s f u l  l y  f o r  funds t h a t  can he inves ted  i n  o t h e r  
ways. Computation o f  t he  r e t u r n  on investment  
( R O I )  i s  one way t o  compare f o r e s t  f e r t i l i z a t i o n  
w i t h  o t h e r  investment oppo r tun i t i es .  That proce- 
dure has been f o l l owed  i n  t he  examples p rov ided  
here. 

I n  t he  simple cash-f low pa t t e rns  t y p i c a l  o f  
f o r e s t  f e r t i l i z a t i o n ,  R O I  can he i n t e r p r e t e d  as 
t h e  e a r ~ i n g  r a t e  f o r  inves ted  c a p i t a l  a f t e r  taxes 
a r e  t aken  i n t o  account. 

We present two examples t o  i 11 u s t r a t e  t h e  
economic re tu rns  from f e r t i l i z a t i o n .  One i s  f o r  P 
appl  i c a t  i on a t  p l  a n t i  ng o r  a  few years t h e r e a f t e r .  
The second i s  f o r  appl i c a t i o n  o f  N and P a t  s tand 
age 20. There i s  no t h i nn ing ,  and t h e  stands a re  
c l e a r c u t  a t  age 25. These examples were se lec ted  
because exper imental  data were avai 1  ab le  t o  e s t i  - 
mate t h e  changes i n  y i e l d  assoc ia ted w i t h  t h e  
t rea tments .  

I n  t a x i n g  t imber  income, f e r t i  l i z a t i o n  cos ts  
may he c a p i t a l i z e d ,  expensed, o r  amort ized upon 
n e g o t i a t i o n  w i t h  t he  I n t e r n a l  Revenue Serv ice.  I n  
our  examples, t he  cos t  o f  f e r t i l i z i n g  a t  p l a n t i n g  
t i m e  was c a p i t a l i z e d ,  and t he  cos t  o f  f e r t i l i z i n g  
5 years be fo re  harves t  was amort ized over t h e  
5-year per iod ,  These choices were a r b i t r a r y  and 
rfo not represent  recommendations o f  c o s t i n g  
procedu r e s  . 

I n  a d d i t i o n  t o  t a x  t reatment ,  f ou r  o the r  
f a c t o r s  --product m i  x, stumpage p r i ces ,  t rea tment  



cos ts ,  and growth responses--are impor tant  i n  
de te rm in ing  t h e  p r o f i t a b i  1 i t y  o f  a f e r t i  1  i z i n g  
operat i on. 

I n  our  analysfs ,  t h e  product: mix inc luded  
pulpwood ( t o  a  4- inch t op ) ,  ch ip 'n ' saw wood ( t o  
a  6- inch t op ) ,  and saw logs ( t o  a 9- inch top) .  
Stumpage p r i ces  were $1 5 per  cord f o r  pulpwood, 
540 per  cord  f o r  ch ip 'n ' saw wood, and $150 per  
tho t~sand hoard f e e t  f o r  saw logs. It was assumed 
t h a t  stumpage p r i c e s  would increase a t  a  rea l  r a t e  
o f  2 percen t  a year.  On a  h i gh  s i t e  (70 f ee t  a t  
age 25) ,  10 t o  15 percent  o f  t he  volume would be 
i n  saw l o g s ,  55 percent  i n  ch ip 'n ' saw wood, and 
t h e  remainder i n  pulpwood. 

Costs  f o r  t h e  f e r t i l i z e r  and i t s  a p p l i c a t i o n  
were assumed t o  he $30 per  acre f o r  app ly ing  40 
pounds P a t  p l a n t i n g  and $60 per  acre f o r  apply-  
i n g  150 pounds N and 50 pounds P 5  years before 
harvest .  

Apply i  ng Phosphorus a t  Pl a n t i  n e  

Responses t o  P a p p l i c a t i o n  a t  p l a n t i n g  t ime  
were es t imated  by p r o j e c t i n g  volume and value 
gains over  a  25-year r o t a t i o n  where s i t e  index 
( 2 5  y e a r s )  was improved by 5, 10, and 15 fee t .  
Volume gains f o r  these improvements were est imated 
over  a  range i n  i n i t i a l  s i t e  indexes f o r  unth inned 
lob101 l y  p ine  p l an ta t i ons .  A p l a n t i n g  dens i ty  o f  
700 t r e e s  per acre was assumed. Volume gains a re  
presented i n  t a b l e  4, and a f t e r - t a x  ROI i n  t a b l e  
5  e 

The long-term improvements i n  s i t e  make f e r -  
t i  1  i z i n g  o f  phosphorus-defi c i e n t  so i  1  s  economi - 
c a l  l y  a t t r a c t i v e *  Est imated KO1 ranges from 9.0 
t o  15.6 percent .  These est imates are probably 
conserva t i ve  because they  do not  r e f l e c t  t h e  i n -  
creased o p p o r t u n i t i e s  f o r  m i d r o t a t i o n  t h i n n i n g  
t o  incredse cash f l o w  o r  f o r  M f e r t i l i z a t i o n  t o  
i ncrease f i  na l  y i e l d s  



T a h l e  4.--Vo11!~e yalrts over a 25-year ro t s t l o r ?  3 n  o p + - i ^ ; 7 r ~ s ~ i  

stands where phnsphnr i~s  f e r t i  1 s z a t l o n  jncrec ises 2 S - ; ~ $ r  s: t e  
i n d e x  by 5, 10, and 15  f e e t  

I n i t i a l  S i t e  index improv~ment  
25-year 

s i t e  index 
( f e e t  ) 5  f e e t  10 f ee t  15 fee t  

- -- 

- - - -  - Cuhic f ee t  per acre  - - - - - 

510 I ,  053 1,625 

Tahle 5 . - -Af ter - tax  re tu rns  on invecrt%ents over a 25-y?ar 
r o t a t i o n  i n  unthinned stands where phosphows f e r t i l j z a t i o n  
i nc reases  25-year s i t e  index by 5, 10, and 15 feet  

I n i t i a l  S i t e  index improvement 
25-year 

s i t e  i ndex  
( f e e t )  5 feet  10 f e c t  15 f e e t  

- - . . - - - -  - Percent - - - - - - - 



P r e h a r v e s t  Fert i 1 i z a t  i nn 

Responses t o  f e r t i l i z i n g  5 y e a r s  b e f o r e  h a r -  
v e s t  nsre based on e s t i m a t e d  changes i n  s tand 
d i a m ~ t e r  d i s t r i  h u t i o n  a f t e r  t h e  a p p l i c a t i o n  o f  100 
pounds N and 50 pounds P per  acre.  The 5-year 
v o l  tlme i nc reases  on modera te l y  respons ive  s i t e s  
were e s t i m a t e d  f o r  a range o f  i n i t i a l  s tand den- 
s i t i p s  and s i t e  indexes ( f i g .  2 ) .  Value and ROI 
e s t i m a t e s  ( t a h l ~  6) were c a l c t ~ l a t ~ r f  assurni ng t h a t  
t h e  volume and va lue  ga iqs  would h~  o b t a i n e d  a t  
t h e  end o f  t h e  5-year respon ; P  per iod .  

Volume Gain I 

4 5 55 65 75 

SITE INDEX CLASS ( 25 years 1 

F igu re  2,--Fi ve-year vuiume rescsnse to app i  j ca t~or r  o f  bOO pounds 
n j l r o g e n  and 50 pounds phosphorus per acre i n  u n t k i n n e d  loblolly 
p ine  s t a n d s  a t  age 20. 



Tab1 e  6 . - -A f te r - tax  r e t u r n s  on inves tmen t  f o r  
c o s t s  amor t i zed  over  5 y e a r s  w i t h  w r c h a n -  
d i s e d  volume ga ins  f rom N + P f e r t i l i z e r  r e -  
sponse (as p e r  f i g u r e  3 )  

S i t e  i n d e x  c l a s s  (25 -year )  
I n i t i a l  
d e n s i t y  

( t  r e e s l a c r e  1 45 55 65 75 

. . - - -  - Percent  - - - - - 

A1 t hough t h e  vo l  ume ga ins  a re  re1 a t  i v e l y  
modest (about  240 cuh i  c  f e e t  p e r  a c r e ) ,  t h e y  com- 
b i n e  w i t h  s h i f t s  i n  d iameter  d i s t r i b u t i o n  t o w a r d  
l a r g e r  t r e e s  t o  produce a t t r a c t i v e  R O I .  The es-  
t i m a t e d  R O I  va lues range up t o  17.3 pe rcen t ,  and 
t h e  v a l u e s  shown i n  t a b l e  6 a r e  q u i t e  c o n s e r v a t i v e  
f o r  s e v e r a l  reasons. F i  r s t ,  t h e  growth i n c r e a s e s  
a r e  based on observed responses t o  100 pounds N 
and 50 pounds P ,  w h i l e  t h e  t r e a t m e n t  c o s t s  a r e  
based on a p p l i c a t i o n  o f  150 pounds N and 50 pounds 
P. k few s t u d i e s  i n d i c a t e  t h a t  i t  i s  a d v i s a b l e  
t o  a p p l y  150 pounds N, b u t  growth da ta  a r e  i n s u f -  
f i c i e n t  t o  r e l i a b l y  e s t i m a t e  t h e  response t o  t h e  
a d d i t i o n a l  N. Second, t h e  growth responses i n d i  - 
c a t e d  can be o b t a i n e d  on many s i t e s  by a p p l y i n g  N 
alone.  T h i r d ,  expensing o f  t h e  f e r t i l i z e r  c o s t  
worrld have  i n c r e a s e d  t h e  ROT values.  



The conserva t i  ve procedures we f o l  lowed i n  
t h e  economic analyses leave l i t t l e  doubt about one 
pr imary conc lus ion :  F e r t i  l i z a t i o n  prov ides very 
a t t r a c t i v e  investment o p p o r t u n i t i e s  f o r  managers 
o f  l o b l o l l y  p i ne  f o res t s .  F e r t i l i z a t i o n  a l so  o f -  
f e r s  s t r a t e g i c  o p p o r t u n i t i e s  t o  increase supp l ies  
o f  southern p i  ne--a major o b j e c t i v e  o f  f o r e s t  p ro -  
ducts  manufacturers who grow much o f  t h e  t imber  
t hey  process. As p r e s c r i p t i o n  technology i s  more 
f i n e l y  tuned, r i s k s  assoc ia ted w i t h  ferti 1 i z e r  
appl i c a t  i on w i  11 be reduced and f i  nanci a1 re tu rns  
w i l l  become even more a t t r a c t i v e .  
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