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RESPONSE OF SLASH PINE 

( PINUS CARIBAEA M ore le t)1 TO VARIOUS NUTRIENTS 

IN NORFOLK SOILS IN FLORIDA2 

By
R uthford  Henry W estveld 

INTRODUCTION

S lash  p ine  has been used e x te n s iv e ly  fo r  r e f o r e s ta t io n  in  th e  South , 

p a r t i c u la r ly  in  F lo r id a .  Of th e  51*599*00° se e d lin g s  d is t r ib u te d  from 

the  n u rs e r ie s  o f  the  F lo r id a  F o re s t S e rv ice  s in c e  1929* 98 p e rc en t were 

s la s h  p in e . The peak p ro d u c tio n  in  th e se  n u r s e r ie s  o f  8 ,310 ,0 0 0  s la s h  

p in e ‘see d lin g s  i n  I 9I4.I would r e f o r e s t  more th a n  12,000  a c re s  w ith  t r e e s  

spaced 8 ’ x 8 *. Because o f  i t s  r a p id  grow th, i t s  u t i l i t y  fo r  numerous 

wood p roducts  and n av a l s to r e s ,  i t s  low s u s c e p t ib i l i t y  to  se r io u s  d i ­

seases and in s e o ts ,  and i t s  r e l a t i v e l y  h ig h  s u rv iv a l in  p la n ta t io n s ,

1 . There i s  some ev idence th a t  two sp ec ie s  c o n s t i tu te  what has 

been accep ted  as  a  s in g le  sp e c ie s  known as s la s h  p in e  (F o re s t  S erv ice  

I9il4)^» Small (1933) to o k  t h i s  p o in t o f  view  when he d e sc rib ed  a 

n o rth e rn  F lo r id a  sp e c ie s -  s la s h  p ine (P inus p l u s t r i s  M i l l . ) ,  and a

sou thern  F lo r id a  s p e c ie s -  C aribbean p ine  (P inus o a rib a ea  M o re le t) ,

De V ail (1941), a f t e r  in v e s t ig a t in g  th e  problem , concluded th a t  S m a ll 's  

nom enclature i s  c o r r e c t .  The s tu d y  h e re in  re p o r te d  d e a ls  w ith  what 

Small c a l l s  P inus p a lu s t r i s  and th e  F o re s t S e rv ic e , U. S . D ept. Agr. 

c a l l s  P inus c a r ib a e a .

2 . Subm itted  in  p a r t i a l  f u l f i l lm e n t  o f  th e  req u irem en ts  f o r  th e  

degree Doctor o f  P h ilosophy  to  th e  School o f  G raduate S tu d ie s  o f  M ichigan

S ta te  C ollege o f  A g ric u ltu re  and A pplied  S c ien ce .

3* Name8 and d a te s  r e f e r  to  " L i te r a tu r e  C ite d " •
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s la s h  p in e  should  co n tinue  to  be a popu lar sp ec ie s  in  r e f o r e s ta t io n .

In  g e n e ra l, s u rv iv a l  and e a r ly  growth o f  the  p la n te d  t r e e s  have been 

s a t i s f a c to r y  when p la n tin g  has been done p ro p e r ly . However, m o r ta l i ty  

sometimes has been r e l a t i v e l y  h igh  during  th e  f i r s t  y ea r when p r e c ip i ­

t a t i o n  in  l a t e  w in te r  o r in  sp rin g  was d e f ic ie n t ,  p a r t i c u la r ly  on s i t e s  

which a re  n a tu r a l ly  d ry . Wakeley (1935) re p o r ts  t h a t  q u a li ty  o f  p la n t­

ing  s to ck  a f f e c t s  n o t only  s u rv iv a l o f s la s h  p ine t r e e s  in  p la n ta t io n s ,  

bu t a lso  t h e i r  r a te  o f  grow th during  the  f i r s t  s e v e ra l y e a r s .  W akeley 's 

o b se rv a tio n s  on s u rv iv a l were co rro b o ra te d  by th e  au th o r in  19^1* Using 

W akeley 's th re e  s la s h  p in e  g rades o f  p la n tin g  s to c k , th e  au th o r found a t  

th e  end o f  the  f i r s t  growing season , th e  fo llo w in g  p ercen tag e  o f s u rv iv a l:  

b e s t-g ra d e  t r e e s ,  100; second-grade t r e e s ,  72 ; th i r d -g ra d e  t r e e s ,  55* 

Wakeley a p tly  p o in ts  ou t t h a t  poor s o i l  q u a l i ty  i s  one o f  th e  f a c to r s  t h a t  

a re  re sp o n s ib le  fo r  th e  developm ent o f  low -grade s e e d lin g s  in  th e  n u rse ry , 

thus im plying th a t  th rough  s o i l  improvement, the  q u a l i ty  o f f o r e s t  p la n t ­

ing  s to ck  m ight be im proved.

I t  i s  a well-know n f a c t  t h a t  some f o r e s t  n u r s e r ie s  in  th e  s la s h  

p ine b e l t  a re  s i tu a te d  on s o i l s  t h a t  are  poor in  n u t r i e n t s  and so low 

in  c o llo id s  and o rg an ic  m a tte r  t h a t  th e y  have u n d e s ira b le  p h y s ic a l q u a li­

t i e s .  Even when a  s o i l  has good chem ical, p h y s ic a l , and b io lo g ic a l  c h a r­

a c t e r i s t i c s ,  th e  warm humid ^climate of th e  South makes the. m aintenance 

o f s o i l  f e r t i l i t y  d i f f i c u l t .  C onsequently , an u n d ers tan d in g  o f  th e  

n u tr ie n t  req u irem en ts  o f s la s h  p in e , in te r p r e te d  in  te rm s o f th e  s o i l  

and i t s  management, i s  e s s e n t ia l  i f  th e  s o i l  i s  n o t to  be a conspicuous 

l im it in g  f a c to r  in  th e  p ro d u c tio n  o f  h ig h -q u a li ty  p la n tin g  s to c k . In  

1941) an in v e s t ig a t io n  o f th e  l i t e r a t u r e  and correspondence w ith  the  

o p e ra to rs  o f  s ta t e  and fe d e ra l  n u r s e r ie s  which were p roducing  s la s h
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p ine re v e a le d  th a t  p r a c t i c a l ly  no re s e a rc h  had been done on th e  ro le  o f  

n u t r i t io n  in  th e  q u a li ty  o f  s la s h  p ine s e e d lin g s  produced in  th e se  

n u r s e r ie s .  A s tudy  o f t h i s  problem  was im m ediately  i n i t i a t e d .  The r e s u l t s  

o f t h i s  in v e s t ig a t io n  from  i t s  in c e p tio n  to  e a r ly  in  1946 form th e  b a s is  

fo r  t h i s  p ap e r .

REVIEW OF LITERATURE

That p roper n u t r i t i o n  has been recogn ized  qs an im p o rtan t f a c to r  

in  th e  p ro d u c tio n  o f h ig h -q u a l i ty  f o r e s t  p la n tin g  s to ck  i s  ev id en t 

from th e  numerous s tu d ie s  o f th e  use o f  f e r t i l i z e r s  and o th e r means o f 

s o i l  improvement t h a t  have been made in  f o r e s t  n u r s e r ie s .  N early  every  

t r e e  sp ec ie s  t h a t  i s  used  e x te n s iv e ly  in  r e f o r e s ta t io n  has re c e iv e d  some 

a t te n t io n .  E as te rn  w h ite  p ine ( Pinus s tro b u s  L .) ,  one o f th e  f i r s t  

sp ec ies  to  be used in  r e f o r e s ta t io n  in  th e  U nited S ta te s ,  has been s tu d ie d  

by sev e ra l in v e s t ig a to r s  (K op itke , 1941; Larsen and Stump, 1939; M cIntyre 

and W hite, 1930; M itc h e ll ,  1934 and 1939; W ilde, 1938). The n u t r i e n t  r e ­

quirem ents o f o th e r  n o r th e rn  c o n ife rs  have re o e iv ed  c o n s id e ra b le  a t t e n t io n  

a lso  (L arsen  and Stump, 1939; L unt, 1938; M cIntyre and W hite, 1930; 

M itc h e ll, 1934; W ilde, 1938).

On th e  o th e r  hand, th e  so u th ern  c o n ife rs  have been s tu d ie d  only  to  

a v e ry  l im ite d  e x te n t ,  a l l  o f th e  work having been done v e ry  r e c e n t ly ,  

due undoubtedly t o  th e  f a c t  t h a t  r e f o r e s t a t io n  in  th e  South s t a r t e d  muoh 

l a t e r  th an  in  th e  N orth .

That th e  n u t r i t i o n  o f f o r e s t  t r e e s  in v o lv es  more th an  th e  de term i­

n a tio n  o f  th e  amounts o f  th e  v a rio u s  p la n t  n u t r i e n t s  needed to  produce 

optim al growth i s  e v id en t from th e  v a r ie ty  o f  s tu d ie s  t h a t  have been made. 

S tu d ies  o f  th e  n itro g e n , phosphorous, and po tassium  req u irem en ts  o f  

nursery-grow n t r e e s  have been th e  most p o p u la r . O ther phases o f  t r e e
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n u t r i t i o n  t h a t  have coma in  fo r  s tudy  a re  th e  fo llo w in g *  ( l )  a d a w  

e lem en ts , ( 2 ) o rg an ic  v e rsu s  in o rg a n ic  f e r t i l i z e r s ,  ( 3 ) th e  v a lu e  o f  

p e a t and o th e r o rg an ic  m a te r ia ls  in  m a in ta in in g  o rg an ic  m a tte r  in  th e  

s o i l ,  (k )  th e  r e l a t i o n  o f  m ycorrhizae to  n u t r i t i o n ,  and (5 ) e f f e c t  o f  

pH o f s o i l  on n u t r i t i o n .

Many o f th e  s tu d ie s  o f  n u t r i e n t  req u irem en ts  have d e a l t  w ith  th e  

th re e  m ajor e lem en ts , n itro g e n , phosphorous, and po tassium ; b u t in  

re c e n t y ears  s e v e ra l s p e c ia l iz e d  s tu d ie s  o f  in d iv id u a l e lem ents have been 

made, M itc h e ll (1934) made ex h au s tiv e  s tu d ie s  o f  th e  e f f e c t  o f  n itro g e n  

on e a s te rn  w hite  and Sootch  p ine (P inus s y lv e s t r i s  L «), Growing th e se  

sp ec ie s  in  sand c u l tu r e s ,  he found th a t  grow th was b e s t  when th e y  were..,,, 

su p p lied  300 P* P« o f  n i tro g e n . G re a te r  amounts o f  n i tro g e n  caused 

a re d u c tio n  in  se e d lin g  w e ig h t. N itro g en  c o n ten t o f  th e  se e d lin g s  in ­

creased  w ith  n i tro g e n  supply  up to  200 p . p . m .  R oo t-shoo t r a t i o  

was a f fe c te d  ad v e rse ly  by in c re a s in g  th e  n itro g e n  supp ly , and th e  h ig h e s t 

r a t i o  was produced below t h e  n itro g e n  c o n c e n tra tio n  th a t  was op tim al fo r  

growth a lo n e . S ince f o r  p la n tin g  p u rp o ses, a  t r e e  w ith  a la rg e  ro o t- sh o o t 

r a t i o  i s  g e n e ra lly  reg a rd ed  as su p e r io r  to  one w ith  a  sm all ro o t- sh o o t 

r a t i o ,  i t  m ight be in f e r r e d  t h a t  n i tro g e n  supply  o f  le s s  th an  300 p .  p . m. 

m ight produce a  t r e e  s u p e r io r  fo r  p la n t in g .  S ince f i e l d  t e s t s  w ith  t r e e s  

re c e iv in g  d i f f e r e n t  tre a tm e n ts  a re  n o t re p o r te d , th e re  i s  no evidence 

as to  w hich t r e e s  proved b e s t  in  f i e l d  p la n t in g s ,  M itc h e l l 's  s tu d ie s  show­

ed th a t  fo r  grow th the  op tim al c o n c e n tra tio n s  o f  o th e r  e lem ents in  p , p . m. 

were* phosphorous, 350; po tassium , 150; calc ium , 200, In  app ly ing  th e  r e ­

s u l t s  o f  h is  p o t-c u l tu r e  t e s t s  to  t h e  n u rse ry , he found, by p e r io d io  t e s t s  

and ad justm ent o f  th e  n u t r i e n t  evironm ent to  approx im ate ly  th e  optim al 

in te r n a l  c o n c e n tra tio n s  o f  th e  t r e e s ,  t h a t  b e t t e r  w h ite  p in e  p la n tin g  s took
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could  be grown in  2 y ea rs  th an  by th e  u su a l methods employed in  f e r t i l i ­

z a tio n  in  average n u rs e r ie s  in  3 y e a r s .

Auten (191+5) found th a t  in  u s in g  so lu b le  in o rg a n ic  n itro g en o u s  f e r t i ­

l i z e r s  on s h o r t le a f  and p i tc h  p ine  ( P inus e c h in a ta  M ill ,  and Pin u s  r ig id a  

M il l . )  in  n u rs e r ie s  in  th e  C en tra l S ta te s  damage to  s e e d lin g s  cou ld  be 

avoided i f  f e r t i l i z a t i o n  was postponed  u n t i l  a t  l e a s t  2 weeks a f t e r  se e d lin g  

emergence. When th e y  were a p p lie d  a t  seed ing  tim e , s e e d lin g  d e n s ity  was 

reduced .

Bensend (191+3) found th e  optim al n i t r o g e n  supp ly  f o r  growth o f 

ja c k  p ine (P inus b an ksiana  Lamb.) to  be 200 to  250 p . p . m. W eight o f 

ro o ts  in c re ase d  w ith  in c re a se  in  n i tro g e n  supp ly  up to  100 p . p . m ., above 

which th e re  was l i t t l e  change in  ro o t w e ig h t. R oo t-shoo t r a t i o  decreased  

w ith  in c re a se  in  a v a i la b le  n i tro g e n  u n t i l  100 p . p .  m. was reach ed , above 

which th e re  was l i t t l e  o r no change. These r e la t io n s h ip s  are n o t th e  

same as fo r  e a s te rn  w hite  p in e . M itc h e ll  (1939) found t h a t  ro o t  w eight 

in c re a se d  w ith  in c re a se  in  a v a ila b le  n i tro g e n  supply  up to  300 p . p .  jn. 

and th a t  th e  maximum ro o t- sh o o t r a t i o  occu rred  w ith  a  n itro g e n  supply  o f 

50 p . p . m. I f  a r e l a t i v e ly  la rg e  ro o t- s h o o t  r a t i o  means s u p e r io r - q u a l i ty  

p la n tin g  s to ck , th e se  s tu d ie s  in d ic a te  th a t  n itro g e n  shou ld  be used  s p a r in g -  

iy .

Bensend found t h a t  d ro u g h tre s is ta n c e , a lth o u g h  n o t im proved, was n o t 

im paired by in c re a se d  amounts o f a v a i la b le  n i tro g e n  up to  th e  optimum f o r  

growth (200 to  250 p . p .  m .) . When th e  n i tro g e n  supp ly  was r a is e d  above 

th e  optimum, d rought r e s is ta n c e  d e c lin e d , however. S h ir le y  and M euli,

(1939) using  th re e  le v e ls  o f  n i t ro g e n  (0 , 21+5, and U90 P* P* » • )  on 

2 -y e a r-o ld  red  p ine  ( P inus r e s in o s a  A i t . ) ,  found th a t  n i tro g e n  reduced  

drought r e s is ta n c e j  b u t th ey  add th a t  p la n ts  t h a t  re c e iv e  no n i tro g e n
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a re  n o t n e c e s s a r i ly  th e  most s a t i s f a c to r y  p la n tin g  s to ck  because th e  to p s  

a re  to o  sm all to  supply  th e  food needed f o r  ra p id  ro o t  p e n e tr a t io n , a  

c o n d itio n  which i s  e s s e n t ia l  to  su rv iv a l on dry s i te s *  Phosphorous w ith o u t 

n itro g e n  in c re a se d  drought r e s is ta n c e .

McComb and Kapel (19^4-0) u sing  an a c id , i n f e r t i l e ,  g la c i a l  c lay  exposed 

by e ro s io n , found th a t  b la ck  lo c u s t  (R obin ia  pseudoacac ia  L«) and green  ash  

(F rax inus pen n sy lv an ica  v a r la n c e lo ta  (Borkh*) S a rg .)  made l i t t l e  r e s ­

ponse to  f e r t i l i z a t i o n  w ith  n itro g e n  ( 1/+0 pounds p e r a c r e ) ,  b u t made marked 

response to  phosphorous a lone (270 pounds p e r  a c re  o f P) a t  c o n tro lle d  pH 

rang ing  from i+»3 to  7»7» Black lo c u s t  t h a t  re c e iv e d  phosphorous was tw en ty - 

fou r and g reen  ash  th re e  tim es as heavy as t r e e s  grown in  u n tre a te d  s o i l .

Nemec’ s s tu d ie s  (1931, 1937) o f  phosphorous f e r t i l i z a t i o n  demon­

s t r a te d  th a t  th e  response  o f  b o th  p ine  and spruce v a rie d  on d i f f e r e n t  s o i l  

ty p e s . In  h is  f i r s t  b u l l e t i n  on t h i s  su b je c t he r e p o r ts  th a t  spruce and 

p ine make no response to  phosphoric  a c id  f e r t i l i z a t i o n  on s o i l s  c o n ta in in g  

more th an  250 p . p . m. o f  P2O5 so lu b le  in  c i t r i c  a c id .  In  a l a t e r  b u l l e t i n  

he reduces t h i s  minimum to  160 p . p . m. On s o i l s  d e f ic ie n t  in  phosphorous, 

a d d itio n s  o f  phosphorous s tim u la te d  growth only  when th e  supply  o f  a s s im ila b le  

calcium  compounds was ad eq u a te . When calcium  was in ad eq u a te  and r e a d i ly  

so lu b le  iro n  compounds abundant, th e  e f f e c t  o f  phosphoric  ac id  f e r t i l i ­

z a tio n  was com pletely  n u l l i f i e d .  E s p e c ia l ly  on a c id  s o i l s ,  Thomas meal 

was a more s a t i s f a c to r y  source o f  phosphoric  a c id  th an  superphosphate .

C e rta in  a sp e c ts  o f  p o ta sh  f e r t i l i z a t i o n  have been s tu d ie d  by W ilde 

and E opitke (1 9 ^0 ). They found th a t  th e  a v a ila b le  p o ta sh  re ta in e d  in  th e  

s o i l  v a r ie d  w ith  th e  base-exchange c a p a c ity  o f  th e  s o i l ,  vary ing  from an 

average o f 70  pounds p e r a c re  in  a  s o i l  w ith  a  base-exchange c a p a c ity  o f  

3 m. e . to  260 pounds in  a  s o i l  w ith  an exchange c a p a c ity  o f  9 m * ®»
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Recommended r a te s  o f  a p p l ic a t io n  o f  K2O a re  based  on th e s e  fa c ts*  On s o i l s  

w ith  a low base-exchange c a p a c ity  where h ig h  le v e ls  o f po tassium  a re  needed 

they  su g g est th e  p o s s ib i l i t y  o f  in c re a s in g  th e  s o i l  exchange c a p a c ity  

th rough th e  a p p l ic a t io n  o f p e a t o r  o th e r m a te r ia ls  o f  h igh  base-exchange 

c ap a c ity  and th e  use o f c a tc h  c ro p s , com posts, o r l iq u id  f e r t i l i z e r s *

Kopitke (1941) found th a t  p ro v id in g  w hite  apruce ( P icea  g lau o a(Moenoh) Voss), 

red  p in e , and e a s te rn  w h ite  p in e  se e d lin g s  w ith  adequate  po tassium  caused 

c e r ta in  p h y s io lo g ic a l changes in  th e  p la n ts  which should  d ecrease  t h e i r  

s u s c e p t ib i l i ty  to  f r o s t  i n ju r y .

Both M itc h e ll (1939) and P e s s in  (1937) have dem onstrated  t h a t  calc ium  

i s  e s s e n t ia l  t o  s a t i s f a c to r y  grow th o f  th e  c o n ife rs  th e y  s tu d ie d . M itc h e ll 

found th a t  200 p . p . m* was th e  op tim al c o n c e n tra tio n  o f  calcium  f o r  w hite  

p in e . Chapman (1941) who grew s h o r t le a f  p in e  s e e d lin g s  in  q u artz  sand 

c u ltu re s  co n ta in in g  0 , 249, 1245* 2490, and 3735 P* P» ° f  w a te r -so lu b le  

calcium  found th a t  c o n c e n tra tio n s  o f  calc ium  above 249 P* P* a f f e c te d  

seed germ ination  and see d lin g  s u rv iv a l a d v e rse ly . S ince th e  gap betw een 

249 and 1245 P* P* u .  i s  la rg e ,  th e  e x ac t c o n c e n tra tio n  a t  which calcium  

i s  harm ful cannot be in te r p r e te d  from t h i s  s tu d y . In  n u r s e r ie s ,  th e  use 

o f lim e has n o t always been b e n e f ic ia l  to  c o n if e r s .  Lunt (1938) p ro ­

duced b e t t e r  re d  p in e  se e d lin g s  w ith o u t lim e th an  w ith  lim e , and Auten 

(1945) found th a t  th e  a p p l ic a t io n  o f  ground lim estone  reduced th e  s e e d lin g  

d e n s ity . On th e  o th e r  hand, M cIntyre and W hite (1930) were a b le  to  produce 

b e t te r  w h ite  p ine  when th e  s o i l  was lim ed th a n  when i t  was n o t lim ed . The 

in c o n s is te n t  e f f e c t s  o f  lim e on co n ife ro u s  se e d lin g s  sire due to  d if f e r e n c e s  

in  s o i l  re a o tio n  and b u f fe r in g  c a p a o ity , and in d i r e o t ly ,  to  th e  dam ping-off 

d is e a s e , (commonly caused by v a rio u s  sp e c ie s  o f  Pythium , Fusarium , and 

R h iz o c to n la )( Boyce, 1938). An in c re a se  in  th e  pH o f th e  s o i l  o f te n
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in c re a s e s  damage to  se e d lin g s  by dam ping-off* In  t h i s  case  th e  caloium  

does n o t in ju r e  th e  see d lin g  d i r e c t ly  b u t ,  by in c re a s in g  th e  pH o f  th e  

s o i l ,  i t  in c re a s e s  damage from dam ping-off*

Minor elem ents have re c e iv e d  l i t t l e  a t t e n t io n  in  t r e e  n u t r i t i o n  s tu d ie s*  

Auten (1945) r e p o r ts  no response  by s h o r t l e a f  and p i tc h  p ine  to  copper, 

manganese, z in c , and boron . Sm ith and B ay liss  (1942) found th a t  z in c  i s  

e s s e n t ia l  fo r  h e a lth y  v igorous grow th o f M onterey p in e  (P inus r a d ia t a  D* Don). 

S eed lings o f th i s  sp ec ie s  grown in  w ater c u l tu re  showed no z in c  d e f ic ie n c y  

symptoms fo r  about 2 m onths, b u t a t  th e  end o f  6  m onths, th e  stems and 

n eed les  o f  z in c - d e f ic ie n t  t r e e s  were muoh s h o r te r  th a n  th o se  o f t r e e s  r e ­

ce iv in g  zino*

Numerous in v e s t ig a to r s  have c a r r ie d  on f e r t i l i z e r  experim ents in  

n u rs e r ie s  w ith  n itro g e n , phosphorous, and po tassium ; b u t s in c e  th e  in ­

v e s t ig a t io n s  g e n e ra lly  d id  n o t in c lu d e  s o i l  a n a ly se s , i t  i s  d i f f i c u l t  to  

in te r p r e t  from  th e se  s tu d ie s  th e  n u t r i e n t  requrem ents o f th e  sp ec ie s  

concerned. T yp ical o f  t h i s  ty p e  o f  in v e s t ig a t io n  a re  th e  s tu d ie s  o f  Lunt 

(1958)* Auten (1945)* W ahlenberg (1930), M cIntyre and W hite (1930), Andrews 

(1941)* and L arsen  and Stump (1939)* Most o f  th e se  s tu d ie s  dem onstrate  

t h a t  th e  s o i l s  d e a l t  w ith  c o n ta in  an a v a ila b le  supp ly  o f one o r more nu­

t r i e n t s  in ad equate  to  produce th e  most s a t i s f a c to r y  p la n tin g  s to o k , and 

th a t  by supplem enting th e  supply  o f th e se  n u t r i e n t s ,  th e  t r e e s  a re  bene- 

f i t t e d .  G en era lly  th e se  s tu d ie s  do n o t show th e  a c tu a l  t o t a l  n u t r i e n t  r e ­

quirem ents. However, Lunt (1938) made cham ical an a ly ses  o f  some o f  the  

t r e e s  he grew, and from th e se  an a ly se s  concluded th a t  th e  N-P2O5-K2O 

requ irem ents o f  1- 0 -̂ red  p ine  in  pounds p er a c re  a re  4 l» 14» ar|d 18;

4* The f i r s t  d i g i t  r e f e r s  to  th e  number o f y e a rs  th e  t r e e  grew in  th e
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seed bed, th e  second d i g i t  r e f e r s  to  th e  number o f y ea rs  th e  t r e e  grew 

in  th e  t r a n s p la n t  bed .

o f 2 -0  re d  p in e , 154* 32, and 59* 2-1  red  p in e  84, 23, and i+1 • The

N-P2O5-K2O r a t i o s  fo r  th e se  th r e e  c la s s e s  o f s to ck  would be 3 - 1- 1* 11- 2-4 * 

and 6- 2- 3 , r e s p e c t iv e ly .

W ilde (1938) used th e  a n a ly s is  o f  v i r g in  s o i l s  from h ig h ly  p ro ­

d u c tiv e  s i t e s  f o r  v a r io u s  sp ec ie s  as a  b a s is  fo r  in te r p r e t in g  t h e i r  needs 

fo r  n itro g e n , phosphorous, po tassium , and calc ium . He found th a t  th e  

N-P2O5-K2O r a t i o  o f  s e v e ra l c o n ife rs  in  th e  Lake S ta te s  was approxim ate­

ly  th e  same fo r  a l l  s p e c ie s -  l-2 -5 »  The N requ irem en ts  ranged from 20 to  

45 pounds; P2O5 re q u irem en ts , from 40  to  100 pounds; and KgO req u irem en ts , 

from 100 to  275 pounds p e r a c re . The r a t i o  from hardwoods was 1-3*5• I t  

i s  notew orthy t h a t  W ilde’ s method o f de term in ing  n u t r i e n t  requ irem en ts  

shows th e  h ig h e s t need i s  fo r  po tassium , w h ile  L unt’ s method shows th e  

h ig h e s t need i s  fo r  n i tro g e n . M itc h e l l ’ s d a ta  (1939) when ex p ressed  

as a  N-PgO^-KgO r a t i o  g iv es  approx im ate ly  a  2 -4 -1  r a t i o ,  which shows th a t  

th e  h ig h e s t req u irem en t i s  f o r  phosphorous. S ince b o th  M itc h e ll and Wilde 

worked w ith  w hite  p in e , th e  d if fe re n c e s  in  n u t r i e n t  req u irem en ts  which 

th ey  secured  must be a t t r i b u t e d  to  th e  methods used to  make th e  d e te rm i­

n a t io n .

W ahlenberg (1930) found t h a t  on th e  s o i l s  in  th e  Savenac N ursery , 

ponderosa p ine  (P inus ponderosa Laws.) was b e n e f i t te d  most by a  com plete 

f e r t i l i s e r  c o n ta in in g  a  sm all amount o f  p o tassium , a r e l a t i v e l y  la rg e  

amount o f  n i tro g e n , and an in te rm e d ia te  amount o f  phosphorous*

M cIntyre and W hite (1930), in  n u rse ry  experim ents on Hagerstown s i l t  

loam and DeKalb s i l t  loam, found th a t  on ly  sm all a d d itio n s  (20 pounds per
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a c re )  o f  n itro g e n  b u t la rg e r  a d d itio n s  o f phosphorous (80 pounds o f  P2O5 ) 

and po tassium  (50  pounds o f  K2O) were needed to  produce g o o d -q u a lity

p la n tin g  s to ck  o f w hite  p in e , p i tc h  p in e , and Norway spruce (P ic a  a b ie s  (L. ) 

Kar6t . ) .  In  some in s ta n c e s  th e  a d d it io n  o f calcium  was n e ce ssa ry  to  g e t 

the  b e s t  r e s u l t s .

On a sandy s o i l  i n  N orth C a ro lin a -  90 t o  95 p e rc e n t t o t a l  sand- Andrews 

(19ijl) found th a t  lo b lo l ly  p ine  ( P inus ta e d a  L«) s e e d lin g s  produced th e  

la r g e s t  ro o t-sh o o t r a t i o s  when 1+0,  80, and 1+0 pounds p e r a c re  o f  N* P2O5 , 

and K2O, re s p e c t iv e ly ,  were a p p lie d  about 1+ weeks a f t e r  g e rm in a tio n .'

Larsen and Stump (1939) r e p o r t  on th e  response o f w h ite  p in e , Douglas 

f i r  ( Pseudotsuga t a x i f o l l a  (P o in .)  B r i t to n ) ,  Norway sp ru c e , re d  p in e , w h ite  

spruce, and ja ck  p ine  to  numerous f e r t i l i z e r s ,  b o th  o rg an ic  and in o rg a n ic .

In  g e n e ra l, n itro g e n  f e r t i l i z e r s  s tim u la te d  to p  grow th o f  se e d lin g s  and 

tra n s p la n ts  w h ile  f e r t i l i z e r s  c o n ta in in g  phosphorous in c re a se d  ro o t  de­

velopm ent. In  th e  n u rse ry , f e r t i l i z e r s  c o n ta in in g  n itro g e n , phosphorous, 

and potassium  were more e f f e c t iv e  th a n  f e r t i l i z e r s  c o n ta in in g  on ly  one o f  

th e se  e lem en ts . In  greenhouse t e s t s ,  s in g le  elem ents f r e q u e n t ly  proved 

more e f f e c t iv e .

S evera l in v e s t ig a to r s  in  re c e n t y ears  have s tu d ie d  th e  response  o f  

f o r e s t  t r e e  se e d lin g s  to  v a rio u s  n u t r i e n t s  e i t h e r  in  q u a rtz  sand or s o i l  

c u ltu re s  under greenhouse c o n d itio n s . Some o f  th e se  s tu d ie s  were su p p le ­

mented by work in  n u r s e r ie s .  Addoms (1937), i n  her s tudy  o f  lo b lo l ly  p in e , 

found t h a t  a f t e r  s e le c t in g  p la n ts  on th e  b a s is  o f  u n ifo rm ity , g re a t  v a r i a ­

t io n s  in  th e  growth o f  in d iv id u a l p la n ts  o ccu rred , and concludes t h a t  

s ta r t in g  w ith  p la n ts  grown from seed  o f  uniform  s iz e  would be b e t t e r  te c h ­

n iq u e . M itc h e ll (1939) found i t  n e ce ssa ry  to  ta k e  seed w eight in to  account 

in  o rd e r to  i n t e r p r e t  th e  r e s u l t s  o f  h is  n u t r i t i o n  s tu d ie s  c o r r e c t ly .
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Addoms a t t r ib u te d  th e  yellow ing  o f  th e  le av e s  o f  th e  t r e s s  to  a de­

f ic ie n c y  o f  n itro g e n  ( n u t r ie n t  s o lu t io n s  c o n ta in in g  136 and 156 p . p . m. 

were used)* P e ss in  (1937) grew th e  most v igo rous and w ell-d ev e lo p ed  

lo n g le a f  p in e  ( Pinus p a lu s t r i s  M ill* ) se e d lin g s  when sand c u l tu re s  were 

su p p lied  w ith  calcium , n i tro g e n , po tassium , phosphorous, magnesium, 

su lp h u r, and i r o n .  Leaving e i th e r  phosphorous o r su lp h u r ou t o f  th e  nu­

t r i e n t  s o lu t io n  produced th e  l e a s t  e f f e c t  on th e  s e e d lin g s . Laok o f 

magnesium, po tassium , o r i ro n  produced conspicuous a b n o rm a litie s  very  

e a r ly  in  th e  experim en t. P e s s in  (1941) grew s la s h  p in es  in  washed sand 

which rece iv ed  no n u t r i e n t  s o lu t io n  f o r  th e  f i r s t  9 months, a f t e r  whioh 

th e y  were t r e a te d  fo r  8 months w ith  n u t r i e n t  s o lu t io n s  c o n ta in in g  te n  

elem ents in  which th e  amounts o f  n i t ro g e n , phosphorous, and po tassium  . 

were v a r ie d . Maximum d ry  w eigh ts were produced in  c u ltu re s  t h a t  co n ta in ed  

213 p* p . m. o f  n i tro g e n , Phosphorous produced ho s ig n i f ic a n t  e f f e c t  on 

d ry  w eigh t, w hile  po tassium  in  in c re a s in g  amounts decreased  th e  d ry  w e ig h t. 

S eed ling  v ig o r was improved by in c re a s in g  amounts o f  n i t ro g e n . The supply  

o f  phosphorous end po tassium  d id  n o t show any such r e l a t io n s h ip .  The t r e e s  

produced th e  lo n g e s t ro o ts  when th e  n i tro g e n  supply  was s m a lle s t .  W hether 

th e  response o f th e  t r e e s  would have been th e  same i f  th e y  had re c e iv e d  

n u t r i e n t  s o lu tio n s  from th e  s t a r t  may be open to  q u e s tio n .

The r e l a t i v e  m e rit o f o rg an ic  and in o rg a n ic  f e r t i l i s e r s  has been 

s tu d ie d  by s e v e ra l o f  th e  in v e s t ig a to r s  m entioned p re v io u s ly . In  th e  

s tu d ie s  re p o r te d  by L arsen  and Stump (1939), most o f  th e  o rg an ic  f e r t i ­

l i s e r s  seemed to  be as e f f e c t iv e  as in o rg a n ic  f e r t i l i z e r s  b u t th e re  were
«

two e x c e p tio n s . Red p in e  f a i l e d  to  respond to  d r ie d  b lood  a lone  and 1-0  

e a s te rn  w h ite  p ine  d id  n o t respond £0 steamed bone meal a lo n e . Andrews (1941)



r e p o r ts  t h a t  on th e  sandy s o i l  w ith  which he d e a l t ,  th e  b e s t  lo b lo l ly  

p ine s to ck  i s  produced when b o th  o rg an ic  m a te r ia l  and c o n ce n tra te d  in -  

o rgan io  f e r t i l i z e r  c o n ta in in g  a  h igh  p e rcen tag e  o f  phosphorous i s  u sed . 

W ahlenberg (1930) was ab le  to  produoe n e a r ly  as good ponderosa p in*  p la n t ­

ing s to ck  by f e r t i l i z i n g  w ith  a m ix tu re  o f  superphosphate , bone m eal, tankage , 

and guano as by f e r t i l i z i n g  w ith  an in o rg a n ic  f e r t i l i z e r  c o n ta in in g  n itro g e n , 

phosphorous, and p o tass iu m . On th e  o th e r  hand, Lunt (1938) found o rg an ic  

f e r t i l i z e r s  su p e r io r  to  in o rg a n ic  f e r t i l i z e r s  i n  growing re d  p in e  seed­

lin g s  in  n u rs e r ie s  on sand , loamy sand , and sandy loam. He, as w e ll as 

Auten (19i+5), give w arning o f  th e  danger o f  in ju r y  to  se e d lin g s  when in o r ­

ganic f e r t i l i z e r s  a re  used on r e l a t i v e l y  sandy s o i l s .  M itc h e ll  (1939) 

p re fe rs  h ig h -a n a ly s is  in o rg a n ic  f e r t i l i z e r s  to  o rg an ic  o r lo w -a n a ly s is  in ­

organ ic  f e r t i l i z e r s  and was ab le  to  use th e  form er w ith o u t in ju r y  in  n u rse ry  

beds by making l i g h t  e x p lic a t io n s . W ilde (1937) has found th a t  th e re  i s  

le s s  danger o f  in ju r y  to  se e d lin g s  by in o rg a n ic  f e r t i l i z e r s  when th e y  a re  

ap p lied  as l iq u id  humate f e r t i l i z e r s -  a m ix tu re  o f  th e  in o rg a n ic  m a te r ia ls  

w ith  w a ter and f o r e s t  d u f f .  A pparen tly  th e  e x c e p tio n a l response  o f  weak 

seed lin g s  to  t h i s  ty p e  o f f e r t i l i z e r  i s  due in  p a r t  to  v ita m in  and hormone 

substances in  th e  d u ff . Such f e r t i l i z e r s  a re  to o  expensive , however, f o r  

g en era l u se .

P ea t has been found e f f e c t iv e  fo r  f o r e s t - n u r s e r y  use n o t o n ly  as a 

source o f  n u t r i e n t s  ( p a r t i c u l a r ly  n itro g e n )  b u t a lso  to  in c re a s e  th e  b a se - 

exchange c a p a c ity  o f th e  s o i l ,  and t o  change s o i l  r e a c t io n .  W ilde and 

H ull (1937) were a b le , by using  an in o rg a n ic  f e r t i l i z e r  p lu s  p e a t ,  to  

produoe re d  p ine  se e d lin g s  t h a t  were n e a r ly  tw ice  as  heavy as th o se  f e r t i ­

l iz e d  w ith  in o rg a n ic  f e r t i l i z e r  a lo n e . Auten (19^5) found th a t  p e a t was 

th e  b e s t  source o f  o rg an ic  m a tte r  in  s tu d ie s  o f  s h o r t le a f  and p i tc h  p in e .
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I t  in c re a se d  b o th  th e  d e n s ity  and h e ig h t o f  b o th  s p e c ie s , b u t r e s u l t s  were 

n o t e n t i r e ly  c o n s is te n t*

Very l im ite d  study  has been made o f  th e  tim in g  o f the  a p p l ic a t io n  o f 

f e r t i l i z e r s *  P roper tim in g  seems to  be o f  g r e a te s t  im portance in  th e  

a p p lic a t io n  o f  r e a d i ly  so lu b le  forms o f  n i tro g e n . When a p p lie d  to o  soon, 

s eed lin g s  may be in ju re d  (A uten, 1945) l i t t l e  b e n e f i t  i s  r e a l iz e d  from 

th e  f e r t i l i z e r  because i t  leach es  from th e  s o i l  b e fo re  th e  se e d lin g  can use 

i t  e f f e c t iv e ly  (Andrews, 1941)• S im ila r r e s u l t s  occur when r e a d i ly  

so lu b le  forms o f po tassium  a re  used (W ilde and K opitke, 1940)• This i s  

e s p e c ia l ly  t r u e  on s o i l s  o f low base-exchange capacity*

The ro le  o f  m ycorrh izae in  t r e e  n u t r i t i o n  has been s tu d ie d  r a th e r  ex­

te n s iv e ly  in  th e  p a s t  10 years*  No a ttem p t i s  made here  to  rev iew  th e  

ex ten s iv e  l i t e r a t u r e  on t h i s  s u b je c t ,  b u t r a th e r  to  c a l l  a t t e n t io n  to  th e  

f a c t  t h a t  n i tro g e n  o r phosphorous a b so rp tio n  by t r e e  se e d lin g s  may be 

inadequate  in  th e  absence o f m ycorrhizae (MoComb, 1943i M elin, 1923; 

M itc h e ll, Finn and Rosendahl, 1939)•

Comprehensive s tudy  o f  th e  e f f e c t  o f  pH o f  th e  c u l tu re s  has n o t been 

made, b u t some l im ite d  work on th e  su b je o t has been done in- co n n ec tio n  w ith  

o th e r s tu d ie s  p re v io u s ly  r e f e r r e d  t o .  Chapman’ s s tu d y  o f s h o r t le a f  p ine 

(1941) rev ea led  t h a t  d if f e re n c e s  in  pH between 3*7 and 4*82 had no 

n o tic e a b le  e f f e c t  on see d lin g  beh av io r b u t t h a t  a t  pH o f  6*23, see d lin g  

growth r a te  was slow  and m o r ta l i ty  h ig h . Auten (1945) r e p o r ts  t h a t  s h o r t­

l e a f  and p itc h  p in e  made more response  in  h e ig h t growth to  v a rio u s  forms 

o f phosphorous f e r t i l i z e r  a t  pH 4*0 and 6 .0  th a n  a t  pH 8 .0 .  Addoms (1937) 

found th a t  the  optim al pH fo r  lo b lo l ly  p ine v a r ie d  w ith  d i f f e r e n t  sou rces 

o f n itro g e n . When calcium  n i t r a t e  was used , a  pH o f 3*8 to  5*0 r e s u l te d  

in  th e  b e s t  developm ent o f  lo b lo l ly  p ine se e d lin g s ; b u t when ammonium
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su lp h a te  was used , a pH o f  6 .0  produced th e  b e s t  developm ent. McComb and 

Kapel (1940) secu red  trem endous response  in  h e ig h t growth o f g reen  ash  

and b lack  lo c u s t  to  phosphorous f e r t i l i z e r s  on a g la c ia l  c la y  in  Iowa a t  

pH le v e ls  rang ing  from 4*3 to  7*7 b u t th e  b e s t  response  was a t  pH o f 4»3«

In  c o n tra s t  Nemec (1931* 1937) g o t l i t t l e  response  o f  spruce and p ine to  

phosphorous f e r t i l i z a t i o n  in  s o i l s  w ith  low pH (3*19 to  5 *0 ).

The o b je c t o f  a l l  n u t r i t i o n  and f e r t i l i z e r  s tu d ie s  on f o r e s t  t r e e s  

i s  to  determ ine th e  ro le  o f  p ro p er n u t r i t i o n  in  th e  p ro d u c tio n  o f h ig h - 

q u a l i ty  p la n tin g  s to c k . V arious f e a tu re s  have been used as in d ic e s  o f  

q u a l i ty .  The most common c h a r a c te r i s t i c s  t h a t  have been used a re  h e ig h t, 

dry w eigh t, and ro o t- s h c o t  r a t i o .  T rees w ith  th e  g r e a te s t  h e ig h t and 

w eight and w ith  th e  l a r g e s t  ro o t-sh o o t r a t i o  have been reg ard ed  as th e  

b e s t t r e e s  fo r  p la n t in g .  These fe a tu re s  have been  supplem ented in  some 

cases by o b se rv a tio n s  o f  re co rd s  on fo l ia g e  d e n s ity  and c o lo r , s id e  

b ranches, g en e ra l v ig o r , n eed le  le n g th , o r  drought r e s i s ta n c e .  Only 

re c e n tly  has th e  b eh av io r o f d i f f e r e n t  g rades o f  p la n tin g  s to ck  in  

f i e l d  p la n tin g s  been  s tu d ie d . In  g e n e ra l , t r e e s  t h a t  had been 

c la s s i f i e d  as h ig h -q u a li ty  p la n tin g  s to ck  su rv iv ed  b e t t e r  and made 

f a s t e r  growth th a n  t r e e s  t h a t  had been c l a s s i f i e d  as lo w e r-q u a lity  s to ck  

(L unt, 1938; W ilde, W ittenkamp, Stone and Galloway, 1940)*

SCOPE OF EXPERIMENTAL WORK

The study  as conceived in  1941 was to  be com prehensive in  scope.

I t  was to  c o n s is t o f th re e  p h ases : ( l )  greenhouse experim en ts, (2 ) n u rse ry  

experim en ts, and (3 ) f i e ld - p l a n ta t io n  ex p erim en ts . The r e s u l t s  o f th e  

f i r s t  two only  a re  in c lu d ed  in  t h i s  re p o r t  s in c e  i n s u f f i c i e n t  re se a rc h  has 

been done on th e  t h i r d  to  w a rran t i t s  in c lu s io n .  The greenhouse experim ents



were to  in c lu d e  a  la rg e  number o f  tre a tm e n ts  in v o lv in g  n o t only  v a rio u s  

com binations o f  n itro g e n , phosphorous, and po tassium  b u t d i f f e r e n t  

q u a n t i t ie s  and modes o f a p p lic a t io n  as w e ll .  A n tic ip a tin g  th a t  an im­

provement in  th e  p h y s ic a l c o n d itio n  o f th e  s o i l  m ight be n ecessa ry  to  

secure  op tim al e f f e c t s  from th e  n u t r i e n t s ,  tre a tm e n ts  t h a t  m ight throw  

some l i g h t  on t h i s  problem  were in c lu d e d . The most prom ising tre a tm e n ts  

then  were to  be te s t e d  in  th e  n u rse ry . The nursery-grow n t r e e s  were to  

be p la n te d  in  f o r e s t  p la n ta t io n s  where s tu d ie s  o f  m o r ta l i ty  and growth 

would make p o s s ib le  a p r a c t i c a l  in t e r p r e ta t io n  o f  the  v a lue  o f  th e  d i f f e r e n t  

n u rse ry  tre a tm e n ts . As a supplem ent to  th e  l a s t  phase, p lan s  were made 

to  study  th e  e f f e c t s  o f th e  a p p l ic a t io n  o f n u t r i e n t s  to  f i e l d  p la n te d  t r e e s  

on s o -c a lle d  lo w -q u a lity  s i t e s .

Soon a f t e r  th e  work was i n i t i a t e d  problem s develop ing  from th e  war 

d is ru p te d  th e  sy stem a tic  sequence o f h and ling  th e  work, and th e  n u rse ry  

and f i e l d  phases had to  be c u r ta i l e d  g r e a t ly .  E x p lo ra to ry  greenhouse 

work was done in  194l “4 2 > and com prehensive greenhouse experim ents were 

c a r r ie d  on in  1943-44 and 1944-45• N ursery  experim ents were i n i t i a t e d  each 

y ear from 1942 to  1945* in c lu s iv e ,  b u t owing to  v a rio u s  d i f f i c u l t i e s  caused 

by th e  war, on ly  th e  1942 and 1945 experim ents re c e iv e d  s u f f i c i e n t  a t ­

te n t io n  to  y ie ld  enough d a ta  to  form th e  b a s is  fo r  s t a t i s t i c a l  a n a ly s e s .

The t r e e s  from th e  1942 and 1945 n u rse ry  experim ents were used  to  e s ­

t a b l i s h  f i e l d  p la n ta t io n s  f o r  s tu d y in g  th e  s u rv iv a l and grow th o f  t r e e s  

re c e iv in g  d i f f e r e n t  n u rse ry  tre a tm e n ts .

The greenhouse experim ents were conducted on th e  campus o f  th e  

U n iv e rs ity  o f  F lo r id a  in  a  greenhouse made a v a ila b le  th ro u g h  th e  coopera­

t io n  o f the  S o ils  D epartm ent. The n u rse ry  experim ents were c a r r ie d  ou t in  

th e  A ustin  Cary F o re s t N ursery  o p e ra ted  by th e  School o f  F o re s try  o f  th e
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U n iv a rs ity . The n u rse ry  i s  approx im ate ly  10 m iles  n o r th e a s t  o f  G a in e s v ille .

GREENHOUSE EXPERIMENTS 

E xperim ental Methods 

Seed S e le c tio n  and G erm ination

Since o th e r  w orkers (A ld rich -B lak e , 1930; Champion, 1933; K o rs tian , 

1927; McComb, 191+3; M itc h e ll ,  1939) have dem onstrated  th a t  th e  c h a ra c te r ­

i s t i c s  o f  th e  p a re n t t r e e  and seed w eigh t in f lu e n c e  th e  b eh av io r and growth 

o f t r e e  s e e d lin g s , an e f f o r t  was made to  c o n tro l th e se  v a r ia b le s  as much 

as p o s s ib le  in  o rd e r to  minim ize t h e i r  in f lu e n c e . I t  was n o t always

p ra c t ic a b le  to  use seed from a s in g le  t r e e ,  a lth o u g h  t h i s  was done in

th e  I9l+3"M+ experim en t. A r e p re s e n ta t iv e  sample from each  l o t  o f seed 

was weighed and th e  number o f seeds in  i t  counted in  o rd e r to  determ ine 

th e  average seed w e ig h t. Seed w e ig h t-c la s se s  were e s ta b l i s h e d ,  th e  range 

in  each w eight c la s s  be ing  3*0 mg. When only  one w e ig h t-c la s s  was u sed , 

i t s  mean w eigh t was th e  mean w eigh t o f  th e  e n t i r e  lo t  o f  seed . When 

more th a n  one w e ig h t-c la s s  o f  seed was used , th e  a d d it io n a l  w e ig h t-c la s se s  

were th o se  n e a re s t  th e  w e ig h t-c la s s  having th e  mean w eigh t o f  th e  e n t i r e  

l o t  o f  seed .

A fte r  th e  seed  was seg reg a ted  in to  w e ig h t-c la s s e s ,  i t  was sp read  in

th in  la y e r s  in  m o is t a c id  p e a t moss and r e f r ig e r a te d  a t  i+0°F. f o r  ap p ro x i­

m ate ly  one raonth.5. Upon th e  removal from th e  r e f r i g e r a t o r ,  th e  seed was

5* Such tre a tm e n t o f  s la s h  p in e  seed i s  always d e s ir a b le  in  experim en ta l 

work because germ in a tio n  o f t r e a te d  seed b eg in s  sooner and i s  com pleted in  

a much s h o r te r  tim e  th a n  in  u n tre a te d  seed (B arton , 1928). When s la s h  p ine 

seed th a t  has r e c e n t ly  m atured i s  used , s t r a t i f i c a t i o n  and r e f r ig e r a t io n  

a re  e s s e n t ia l  because g erm ina tion  i s  g e n e ra lly  very  e r r a t i c  and may extend
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over a p e rio d  o f more th an  2 m onths. The s h o r te r  th e  ge rm in a tio n  p e rio d , 

th e  sm alle r th e  average d e v ia t io n  in  se e d lin g  age w i l l  b e .

sown prom ptly in  germ inating  f l a t s  t h a t  co n ta in ed  th e  same s o i l  as th a t  used 

in  th e  greenhouse p o ts .  Three to  4  weeks a f t e r  th e  s t a r t  o f  g e rm in a tio n , 

th e  se e d lin g s  were t r a n s f e r r e d  to  th e  p o ts , te n  se e d lin g s  being  p la n te d  in  

each.

P re p a ra tio n  o f  S o il  Po ts

The s o i l ,  which i s  d esc rib ed  e lsew here , was a i r  d r ie d  and tho rough ly  

mixed. Then i t  was p u t th rough  a -j|-inch screen  to  remove ro o ts  and o th e r  

fo re ig n  m a te r ia l ,  and f i n a l l y  th rough  a 2 mm. s c re e n . N ineteen  kilogram s 

o f s o i l  were p laced  in  each p o t .  This amount b rought th e  s o i l  t o  w ith in  

approxim ately  1 in ch  o f  th e  to p  o f  th e  p o t .  When c o l lo id a l  phosphate^

6 . C o llo id a l phosphate i s  a m ix tu re  o f  v e ry  f in e  rock  phosphate and 

c lay  which i s  washed from th e  phosphate rock  a f t e r  i t  has been m ined. I t  

i s  g e n e ra lly  regarded  as a w aste product, o f  th e  m ining o f  rook phosphate , 

b u t in  re c e n t y e a r s , c o l lo id a l  phosphate has been so ld  under v a rio u s  

tra d e  names as a f e r t i l i z e r .

o r p ea t moss was used  as th e  so le  o r p a r t  tre a tm e n t, t h i s  m a te r ia l  was 

mixed th o rough ly  in  th e  upper 4  in ch es  o f  s o i l ,  which, to  secu re  p roper 

m ixing, was removed from th e  j a r .  N itro g en , phosphorous, p o tassium , and 

o th e r  chem ical n u t r i e n t s  were a p p lie d  in  s o lu tio n  l a t e r ,  ex cep t phosphorous 

and calcium , which in  th e  191*4-45  experim ent, were mixed in  th e  upper 4  

inches o f  s o i l .  W ater was added to  th e  s o i l  in  th e  j a r s  a  day in  advance 

o f  p la n tin g  th e  t r e e s .  To each  p o t, 2700 m l. o f  d i s t i l l e d  w ater were added 

to g ive th e  s o i l  a  m o istu re  co n ten t o f  s l i g h t ly  over 14 p e rc e n t.
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T ransp lan t ing and Subsequent Care o f  Trees

In  o rd e r to  secure  uniform  d i s t r ib u t io n  o f th e  t r e e s  in  each p o t, 

th e  a v a ila b le  a re a  p e r t r e e  was c a lc u la te d , and by t r i a l  and e r r o r  a  de­

s ig n  fo r  th e  arrangem ent o f  th e  te n  t r e e s  was developed which p laced  s ix  

t r e e s  in  an o u te r  c ircum ference , th r e e  in  an i n t e r i o r  c ircum ference , and 

one in  th e  c e n te r  o f  th e  p o t .  This desig n  was o u tl in e d  on a  p iece  o f 

cardboard w ith  a c ro ss  s e c t io n  id e n t ic a l  to  th a t  o f  th e  in s id e  o f  a p o t, 

and ho les  approx im ate ly  • |- in c h  in  d iam eter were punched in  th e  cardboard  a t  

th e  te n  d e sig n a ted  p o in ts .  This cardboard  was p laced  on th e  su rfa ce  o f  

th e  s o i l ,  and a le ad  p e n c il  pushed in to  th e  s o i l  a t  each ho le  to  a dep th  

of about 3 in c h e s . When a t r e e ,  because o f  l a t e r a l  ro o t  developm ent, 

re q u ire d  an opening w ider t h a t  - |- in o h , th e  s iz e  o f  the  opening was in ­

creased  by a  r o ta t in g  m otion o f th e  p e n c il  i n  th e  o r ig in a l  h o le .

At th e  tim e o f t r a n s p la n t in g  to  th e  p o ts , th e  m a jo r ity  o f  th e  

seed lin g s  had a 2 -  to  3 - in c h  ta p  r o o t ,  and some had developed one to  fo u r 

l a t e r a l  ro o ts  from l / 8 -  to  l/l^ - in c h  lo n g . The see d lin g s  were washed ou t 

o f  the  s o i l  by a stream  o f  w a ter i n  o rd e r to  m inim ize th e  danger o f 

b reak ing  th e  v e ry  d e l ic a te  ta p  r o o t .  Every e f f o r t  was made to  p la n t  each 

seed lin g  in  th e  p o t a t  th e  same dep th  th a t  i t  occupied  in  th e  germ inating  

f l a t ,  and to  b rin g  a l l  ro o ts  in to  in tim a te  c o n ta c t w ith  th e  s o i l  by ample 

com pression o f  th e  s o i l  in  c lo s in g  th e  h o le .

The p o ts  were w atered  w ith  d i s t i l l e d  w ater o f te n  enough to  keep th e  

s o i l  m o istu re  above 10 p e rc e n t .  The tim e in te r v a l  between th e  a p p lic a ­

t io n  o f w ater v a r ie d  w ith  th e  age o f th e  t r e e s  and w ith  tem p era tu re  and 

atm ospheric hum id ity . During th e  f i r s t  month 14.50 m l. o f  w a ter were 

a p p lie d  once a  week. Toward th e  end o f  th e  experim en ts, as much as  800 m l. 

o f  w ater had to  be added to  some p o ts  every  day o r every  second day.
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As r a te s  o f  growth showed marked d if f e r e n c e  a f t e r  th e  f i r s t  6 weeks, i t  

was ev id en t t h a t  w a ter lo s s ,  c h ie f ly  th rough  t r a n s p i r a t io n ,  v a r ie d  more 

or le s s  in  p ro p o r tio n  to  grow th. To m a in ta in  th e  m o is tu re  c o n ten t o f 

th e  s o i l  o f a l l  p o ts  reaso n ab ly  un iform , th e  p o ts  were weighed about every  

2 weeks and t h e i r  m o is tu re  c o n ten ts  a d ju s te d .?  Average d a i ly  w ater lo s s

7* Since th e  w eight o f  th e  p o ts  in c lu d ed  th e  w eigh t o f t h e , t r e e s ,  which 

v a rie d , i t  was n o t p o s s ib le  to  m a in ta in  a b s o lu te ly  uniform  m o is tu re  c o n ten ts  

in  a l l  p o ts .  The fa s te r-g ro w in g  t r e e s  were th e  h e a v ie s t and th u s  were 

c o n tr ib u tin g  more to  th e  t o t a l  w eigh t o f  th e  p o t th an  slow -grow ing t r e e s .

In  consequence the  fa s te r-g ro w in g  t r e e s  were growing under co n d itio n s  

o f  lower s o i l  m oistu re  them th e  slow -grow ing tre e s ,.

between w eighings was computed to  se rv e  as a b a s i s  fo r  th e  amount o f  w a ter 

to  be a p p lie d  u n t i l  a n o th e r w eighing was made. In  o th e r  w ords, each p o t 

rece iv ed  approx im ately  th e  amount o f  w ater i t  was lo s in g  th ro u g h  evapora­

t io n  and t r a n s p i r a t io n .

Design o f Experim ent

As s ta te d  p re v io u s ly , each p o t co n ta in ed  te n  t r e e s .  Each s o i l  t r e a t ­

ment was r e p l ic a te d  fo u r t im e s . W ith in  each  o f  th e  fo u r b lo c k s , th e  p o ts  were 

random ized. In  o rd e r to  n e u t r a l iz e  th e  e f f e c t s  o f  any minor d if f e r e n c e s  in  

the  m icroclim ate  o f  the  g reenhouse, th e  p o ts  were r o ta te d  from one b lo ck  to  

an o th er so t h a t  each po t occupied  an equal p e r io d  o f tim e in  each  b lo o k . 

Furtherm ore, p o ts  w hich were lo c a te d  on th e  e x te r io r  s id e  o f  th e  bench d u ring  

one p e rio d  were moved to  th e  i n t e r i o r  s id e  o f th e  bench during  th e  n ex t p e rio d  

and v ic e  v e rs a . W ith t h i s  d esig n , a l l  d a ta  could  be su b jec te d  to  an a ly se s  o f  

v a r ia n c e . Thus, a sim ple method o f  in te r p r e t in g  th e  e x te n t  o f  s ig n i f ic a n t  

d if f e re n c e s  was p rov ided  (B aten , 1938; Snedecor, 19i+0).
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W eather Records

During most o f  th e  1943*44 greenhouse experim ent, a  reo o rd  o f  

tem pera tu re  was k ep t on a thermograph* This was done a ls o  du ring  th e

1944-45 greenhouse experim ent* During th e  l a t t e r  experim ent, th re e  s e ts  

o f b la c k  and w h ite  L iv in g sto n  atmometers were i n s t a l l e d  to  measure r a te  o f  

ev ap o ra tio n  (L iv in g s to n , 1935)*

When i t  was ap p aren t t h a t  marked d if f e r e n c e s  in  th e  growth and be­

hav io r o f  th e  se e d lin g s  in  th e  1943*4 U and 1944*45 experim ents e x is te d  . . 

and th a t  c lim a tic  f a c to r s  o th e r  th an  tem p era tu re  m ight be c o n tr ib u tin g  

f a c to r s ,  le n g th  o f  day was computed from d a i ly  maps o f th e  W eather Bureau.

The only c o n tro l  o f  greenhouse tem p era tu re  t h a t  was p u t in to  e f f e c t  

was to  c lo se  a l l  windows l a t e  in  th e  a f te rn o o n  when o u td o o r-n ig h t tem pera­

tu re s  were expected  to  f a l l  below  60°F. and to  tu r n  on stew n h e a t when 

o u td o o r-n ig h t tem p era tu res  were expected  to  f a l l  below 35°F. W ith th e se  

c o n tro ls , th e  greenhouse tem p era tu re  r a r e ly  f e l l  below 60°F* d u rin g  th e  

1943*44 experim en ts, and r a r e ly  below 55°F» du ring  th e  1944*45 exp erim en ts . 

O bservations and Measurements o f  Trees

A fte r  th e  se e d lin g s  were p la n te d  in  th e  s o i l  p o ts , th e  number o f  

co ty ledons and th e  h e ig h t from th e  s o i l  su rfa ce  to  t h e  base  o f  th e  c o ty ­

ledons were reco rd ed . T h is h e ig h t measurement and a l l  subsequen t ones were 

measured to  i  1 .0  mm. H eight growth was m easured a t  r e g u la r  in t e r v a l s -  

e i th e r  5 o r 6  weeks- to  co in c id e  w ith  th e  a p p l ic a t io n  o f  n u t r i e n ts  in  th o se  

tre a tm e n ts  th a t  re c e iv e d  s p l i t  a p p l ic a t io n s  o f  n u t r i e n t s ,  and j u s t  p r io r  

to  h a rv e s tin g  th e  t r e e s .  Growth was m easured from  th e  b ase  o f  th e  co ty ­

ledons to  a p o in t n e a r  th e  t i p  where th e  overlap p in g  o f  th e  prim ary n eed le s  

obscured th e  id e n t i ty  o f  th e  stem . These two p o in ts  were chosen as te rm in i 

fo r  v a rio u s  re a so n s . Of g r e a te s t  s ig n if ic a n c e  in  choosing th e  base o f  th e



-  21 -

coty ledons as th e  lower te rm inus fo r  growth measurements i s  th e  f a c t  

th a t  growth p r io r  to  t r a n s p la n t in g ,  which v a r ie d  from 33 to  79 mm. 

in  th e  experim ent, and from 3h to  95 J®1* i n th e  l^kb~k5 e x p e r i­

ment, i s  not in c lu d e d , th u s  e lim in a tin g  v a r ia b le  growth which was in h e re n t 

in  th e  seed , and n o t a r e s u l t  o f  s o i l  tre a tm e n t. Furtherm ore, th e  base o f 

the  co ty ledons i s  d i s t i n c t  and s ta t io n e r y ,  th e  l a t t e r  c h a r a c te r i s t i c  be ing  

in  c o n tra s t  to  th e  s o i l  su rfa ce  which v a r ie s  because o f s l i g h t  s o i l  wash­

in g . Any p o in t chosen a t  o r n e a r th e  t i p  o f  a  growing p ine t r e e  i s  n o t so 

w ell d e fin ed  as th e  base  o f  th e  co ty led o n s. The p o in t a t  whioh th e  prim ary 

n eed les  o v erlap  and th e re b y  obscure th e  i d e n t i ty  o f th e  stem i s  q u ite  c le a r -  

cu t and should  re p re se n t re so n ab ly  w e ll th e  term inus o f stem e lo n g a tio n .

O bserva tion  o f  number o f  s id e  branches was made c h ie f ly  du ring  th e  

p e rio d  o f  most a c t iv e  s id e -b ra n ch  developm ent. These o b se rv a tio n s  were 

not made a t  r e g u la r  in t e r v a l s ,  b u t r a th e r  in  accordance w ith  th e  amount o f 

change ta k in g  p la c e . During th e  p e rio d  o f g r e a te s t  a c t i v i t y ,  reco rd  was 

made o f th e  f i r s t  appearance o f secondary n eed le s  and o f  th e  development 

of a te rm in a l bud in  th o se  few in s ta n c e s  where t h i s  o ccu rred . The p ro g ress  

o f th e  d ea th  o f  co ty ledons was a lso  reco rd ed . When an abnormal c o lo r  de­

veloped in  a  p la n t ,  n o te  was made o f  t h i s  f a c t .

J u s t  p r io r  to  h a rv e s tin g  the  t r e e s ,  a  re p re s e n ta t iv e  p o t o f  t r e e s  

from each tre a tm e n t was photographed.

H arv estin g  o f th e  t r e e s  was accom plished by running  a  stream  o f 

w ater from a garden hose in to  th e  s o i l ,  th u s  slow ly w ashing th e  s o i l  away 

from th e  r o o ts .  During th e  washing o p e ra tio n , th e  p o t was p laced  on i t s  

s ide  on a  s tan d  of conven ien t h e ig h t, th e  to p  o f which was made o f 

l/V -inch-m esh  hardware c lo th ,  supported  by s e v e ra l s t r i p s  o f  wood.
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Quick d is p o s i t io n  o f th e  s o i l  wa3 accom plished in  t h i s  manner. Extreme 

care  in  th e  o p e ra tio n  was n ecessa ry  to  minim ize ro o t breakage and lo s s  

o f sm all segments o f  th e  ro o ts .  C onsiderab le  w ater had to  be run over th e  

ro o ts  a f t e r  th ey  were e x t r ic a te d  from th e  s o i l  in  o rd e r to  wash o f f  th e  

more t i g h t l y  adhering  s o i l  p a r t ic le s *  This was e s p e c ia l ly  t r u e  w ith  th o se  

s o i l s  to  which c o l lo id a l  phosphate o r p e a t moss had been added. S epara­

t io n  o f th e  in d iv id u a l t r e e s  was d i f f i c u l t  because th e  ro o ts  o f  th e  te n  t r e e s  

in  each j a r  mere bad ly  e n tan g led .

R ep re se n ta tiv e  t r e e s  (average  h e ig h t and branch developm ent) were 

chosen from each tre a tm e n t fo r  pho tographing .

A fte r  th e  h a rv e s t ,  the  d iam eter o f  the  stem o f each  t r e e  was m easur­

ed w ith  a  m icrom eter to  i  0 .01  mm. a t  l / 4  in c h  above th e  ground l in e  which 

was assumed to  be above any sw e llin g  o f  th e  stem . Each t r e e  was th en  c u t 

in to  two p a r t s ,  shoo t and ro o t ,  and each  p o r t io n  p laced  in  a  p ro p e rly  

la b e l le d  paper bag. The open packages were p laced  in  a  d ry ing  oven where 

they  were l e f t  a t  a tem p era tu re  o f 65°C fo r  approx im ate ly  72 ho u rs . Each 

sample was th en  weighed t o cJ  0 .01  g r .

A reco rd  was k ep t o f  th e  amount o f  w a ter added to  each p o t ,  and o f 

th e  w eight o f  each  p o t a t  each  w eigh ing .

P h y sica l and Chemical C h a r a c te r is t ic s  o f th e  S o il 

The s o i l  s e le c te d  fo r  th e  greenhouse s tu d ie s  i s  a  N orfo lk  sand . I t  

was ta k en  from a r id g e  on th e  A u stin  Cary F o re s t which appears to  have 

supported  a  lo n g le a f  p in e  ty p e  o r ig in a l ly .  Close c u t t in g  o f  th e  p ine  

allow ed th e  oaks t o  in c re a se  t h e i r  re p re s e n ta t io n , and now, tu rk e y  oak 

( Quercus la e v is  W a lt.)  and b lu e ja c k  oak ( Quercus o in e re a  M ichx.) dominate 

th e  s ta n d . P r io r  to  1937 th e  a re a  burned more or l e s s  r e g u la r ly  each  

y e a r , b u t s in ce  th en  f i r e  has been k e p t o u t.
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The s o i l  was ta k en  from th e  upper 6 to  8 in c h es , which in c lu d es  a l l  

th e  Ai h o rizo n  and 3 to  5 in ch es  o f  th e  Aq h o riz o n . Henderson (1939) de­

s c r ib e s  th e  Ai h o rizo n  as gray  to  y e llo w ish  gray  sand and th e  Ag horizon  

as ye llow  sand. The s o i l  was th o ro u g h ly  mixed and allow ed to  a i r  d ry , 

a f t e r  which i t  was screened  th rough  l/ l^ - in c h  hardware c lo th  to  remove 

ro o ts  and o th e r  coarse  p la n t p a r t s .  The a i r - d r y ,  mixed s o i l  was g ray , 

y e llo w -ta n  in  c o lo r .

S ince c o l lo id a l  phosphate , when mixed in  v a ry in g  q u a n t i t ie s  in  th e  

upper in ch es  o f  th e  s o i l ,  produced such s ig n i f ic a n t  e f f e c t s  on th e  growth 

and o th e r  c h a r a c te r i s t i c s  o f s lash ;.p in e  s e e d lin g s  (see  pp. 81-100 and 

113-130) an e f f o r t  was made to  determ ine th e  p h y s ica l and chem ical e f f e c t  

o f t h i s  m a te r ia l  on th e  s o i l .  When v a rio u s  an a ly ses  o f  th e  s o i l  were made, 

s im ila r  a n a ly t ic a l  p rocedures were a p p lie d  to  s o i l  to  which had been add­

ed q u a n t i t ie s  o f c o l lo id a l  phosphate equal to  th e  amounts used in  th e  

greenhouse exp erim en ts . I t  was soon ap p aren t t h a t  m easurable e f f e c t s  were 

n o t produced on th e  s o i l  by c o l lo id a l  phosphate when such sm all amounts 

as 0 .5  and 1 .0  to n  per a c re  were a p p lie d . Most o f  the  a n a ly se s  on s o i l  

to  which th e  c o l lo id a l  phosphate was added were made, th e r e f o r e ,  w ith  

m ix tu res c o n ta in in g  5 “ id 25 to n s  o f  phosphate p e r a c re .

M echanical A nalysis

M echanical a n a ly s is  o f  the s o i l  as w e ll as th e  c o l lo id a l  phos­

p hate  was made by th e  hydrom eter method, employing th e  te c h n ic  o f  Bouyoucos 

(1936). The r e s u l t s ,  which a re  based in  each case  on two sam ples, a re  p re ­

sen ted  in  Table 1 . S o il o rg an ic  m a tte r  a n a ly s is ,  based  on th e  method r e ­

c e n tly  d e sc rib ed  by S ch o llen b erg er (19^4-5) i s  shown a lso  in  t h i s  t a b le .  I t  

i s  based  on fo u r samples*
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Table 1* —M echanical a n a ly s is  o f greenhouse s o i l  samples 
find c o l lo id a l  phosphate , and s o i l  o rg an ic  
m a tte r  c o n ten t o f  s o i l

} Sand : S i l t  & Clay 1 S o il  o rg an ic  m a tte r
Type o f  Sample t P ercen i

t
S o il :

:
92 : 8

<
: 2 .18  + 0 . 25*

t
S o il + 5 to n s  o f: 
c o llo id a l  phos- : 
phate :

:
:

90 : 10

:
:

t
S o il + 25 to n s  * 
o f c o l lo id a l  : 
phosphate :

:
:

88 : 12

:

:

C o llo id a l phos- 1 
phate :

:
13 * 87 :

♦Standard d e v ia t io n .

The sandy c h a ra c te r  o f  th e  s o i l  i s  e v id en t in  th e  d a ta  in  the  

above t a b le .  In  c o n tra s t  th e  c o l lo id a l  phosphate c o n ta in s  n e a r ly  as 

much s i l t -  and c la y - l ik e  m a te r ia l  as th e  s o i l  c o n ta in s  sand. A lthough 

an a n a ly s is  o f  v a rian ce  o f  t!he d a ta  on th e  th re e  d i f f e r e n t  s o i l  samples 

does n o t re v e a l s ig n if ic a n t®  e f f e c t  o f  c o llo id a l  phosphate on th e

8 . The word " s ig n i f ic a n t '1, when used in  d is c u ss in g  exp erim en ta l d a ta , 

i s  used th roughou t th e  m an sc rip t in  a  s t a t i s t i c a l  sen se . V arious de­

grees o f  s ig n if ic a n c e  can be reco g n ized , b u t tthe  two most commonly 

used a re  th e  5 an<l 1 p e rc en t p o in ts .  The fo rm er, which in d ic a te s  th a t  

th e re  a re  n in e ty - f iv e  chances in  one hundred th a t  t h e  d if fe re n c e  

in  means i s  n o t due to  random sam pling o f a homogeneous p o p u la tio n , 

i s  commonly spoken o f as s ig n i f ic a n t ;  th e  l a t t e r ,  which means t h a t  

th e re  a re  n in e ty -n in e  chances in  one hundred th a t  th e  d if fe re n c e  in  

means i s  n o t due to  random sam pling o f a homogeneous p o p u la tio n , i s  r e ­

fe r re d  to  as very  or h ig h ly  s ig n i f i c a n t .
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s o i l ,  i t  i s  l i k e ly  t h a t  a  g re a te r  number o f  d e te rm in a tio n s  by a  more 

s e n s i t iv e  method m ight have shown a  s ig n i f ic a n t  e f f e c t .  This i s  more or 

l e s s  borne o u t by th e  m o is tu re  e q u iv a le n t d a ta  (m o istu re  ho ld in g  c a p a c ity  

i s  r e la te d  to  p a r t i c l e  s i z e ) ,  and th e  f a c t  t h a t  c a lc u la te d  v a lu es  fo r  

amount o f  s i l t  p lu s  c la y  in  th e  s o i l  p lu s  5 to n s  o f  c o l lo id a l  phosphate 

and in  th e  s o i l  p lu s  25 to n s  o f  c o l lo id a l  phosphate a re  8 .63  and 11*16 

p e rcen t r e s p e c t iv e ly .  In  view o f th e  im p r a c t ic a b i l i ty  o f  re ad in g  v a lues 

on th e  hydrom eter in  u n i t s  o f le s s  th a n  one p e rc e n t, th e  v a lu es  from th e  

a n a ly s is  ag ree  c lo s e ly  w ith  th e  c a lc u la te d  v a lu e s . Even w ith  th e  ad­

d i t io n  o f  25 to n s  o f  c o l lo id a l  phosphate p e r acre  to  th e  upper 4  inches 

o f s o i l ,  t h i s  m a te r ia l  c o n s t i tu te s  l e s s  th a n  4  p e rc e n t o f  t h e  t o t a l  m a te r ia l  

in  th a t  s o i l  zone.

M oisture E q u iv a le n t

M oisture e q u iv a le n t o f  th e  s o i l  sam ples and th e  c o l lo id a l  phosphate 

was determ ined by th e  c e n tr ifu g e  method (W right, 1939)* th e  sam ples being  

l e f t  in  th e  c e n tr ifu g e  fo r  15 m inutes a f t e r  a speed o f 2200 re v o lu tio n s  

per m inute had been a t ta in e d .  Four samples were used in  th e  d e te rm in a tio n  

o f m o istu re  e q u iv a le n t o f  u n tre a te d  and t r e a te d  s o i l s ,  and two samples were 

used fo r  t h e  c o l lo id a l  phosphate .

M oisture e q u iv a le n t S tandard
% m o istu re  d e v ia tio n

S o il  5 .39

S o il p lu s  5 to n s  c o l lo id a l
phosphate 5*60 0 .20

S o il  p lu s  25 to n s  c o l lo id a l
phosphate 7*23

C o llo id a l phosphate 47*60

A sm all in c re a se  in  th e  m oistu re  e q u iv a le n t i s  produced when c o l lo id a l  

phosphate i s  added to  th e  s o i l  a t  a r a te  o f  5 to n s  in  th e  upper 4  in c h es .
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and a marked in c re a se  occurs when 25 to n s  i s  added* An a n a ly s is  o f 

v a rian ce  re v e a ls  t h a t  th e  in c re a se  caused by 5 to n s  i s  n o t s ig n i f ic a n t ,  

b u t t h a t  th e  in c re a se  caused by 25 to n s  i s  v e ry  s ig n i f i c a n t .  The m o is tu re  

eq u iv a len t o f  s o i l  p lu s  25 to n s  o f  c o l lo id a l  phosphate i s  a lso  very 

s ig n i f ic a n t ly  d i f f e r e n t  from t h a t  o f  th e  s o i l  p lu s  5 to n s , a  d if fe re n c e  

o f 0 . 914. p e rc e n t be ing  s ig n i f ic a n t  a t  1 p e rc e n t.

I t  i s  no tew orthy  t h a t  th e  m o is tu re  eq u iv a len t o f  th e  s o i l  w ith  5 

and 25 to n s  p e r a c re  i s  1QJ+ and 13k p e rc e n t o f  t h a t  o f  th e  u n tre a te d  s o i l  

and th a t  th e  c a lc u la te d  percen tag e  of s i l t  p lu s  c la y  fo r  s o i l  p lu s  5

to n s  and s o i l  p lu s  25 to n s  i s  108 and 139 p e rc e n t o f  t h a t  o f  th e  o r ig in a l

s o i l .  In  o th e r  words, th e  m o istu re  e q u iv a le n t i s  in c re a se d  in  alm ost th e  

same p ro p o rtio n  as th e  p e rcen tag e  o f  s i l t  p lu s  c la y .

Large and Small Pores

Using th e  method d e sc rib e d  by Learner and Shaw ( I 9I4.I ) .  th e  p e rcen tage  

o f  la rg e  and sm all p o res was determ ined fo r  th e  greenhouse s o i l  and fo r  

th e  greenhouse s o i l  c o n ta in in g  c o l lo id a l  phosphate a t  r a t e s  o f  5 25

to n s  p er a c re .  The r e s u l t s  o f  th e se  d e te rm in a tio n s  based  on two samples

of each, a re  shown in  Table 2 .

Table 2 . —The p ercen tag e  o f sm all and la rg e  pores and t o t a l
pores in  greenhouse s o i l  w ith  and w ith o u t c o l lo id a l  
phosphate

Type o f sample
Small
pores

Large
pores

T o tal
pores

S o il a lone i+l-5 15 .5 5 7 .0

S o il * 5 to n s  o f  c o l lo id a l  phosphate 38 .0 2 0 .0 5 8 .0

S o il  + 25 tons o f  c o l lo id a l  phosphate 3 9 .5 17*5 57 .0

The a d d it io n  o f  c o l lo id a l  phosphate to  th e  s o i l  d id  n o t change th e  

t o t a l  pore space , b u t i t  d id  a l t e r  th e  r e l a t i v e  amounts o f  sm all and 

la rg e  p o re s . The percen tag e  o f  sm all po res was reduced , and th e  p e rcen tage



of la rg e  pores was in c re a se d  by th e  a d d itio n  o f c o l lo id a l  phosphate . An 

a n a ly s is  o f  v a ria n ce  showed th a t  th e  d if fe re n c e s  were n o t s ig n i f ic a n t ,  

however.

O ther P h y sica l E f fe c ts  o f  C o llo id a l Phosphate on S o il

An exam ination  o f th e  su rfao e  o f  th e  o v en -d ried  s o i l  samples 

(d iam eter approx im ate ly  3 in c h es )  used in  th e  fo reg o in g  t e s t  showed evidence 

th a t  th e  samples to  w hich o o llo id a l phosphate had been added had been a l te r e d  

p h y s ic a l ly . Cracks had developed on th e  su rfao e  in d ic a t in g  th a t  th e  c o l­

lo id a l  phosphate had caused some b in d in g  o f s o i l  p a r t i c l e s ,  and as sh r in k ­

age occu rred  in  d ry in g , c leavage  l in e s  developed a t  some of th e  weaker p o in ts .  

The e x te n t o f  c rack in g  i s  shown in  Table 3 .

Table 3* —The e x te n t  o f  su rfao e  c rack in g  in  oven-dry  s o i l  con­
ta in in g  d i f f e r e n t  amounts o f  c o l lo id a l  phosphate

Sample #1 Sample jfe
tNumiber 2 Number
* o f aSize o f  c racks of S ize o f  c rack s

S o il sample 1c racks a mm. c racks mm.

S o il  f  5 to n s  o f
c o l lo id a l  phosphate a 2 a 10 x 0.25 2 10 x 0 .25

1 5 x 0.25

S o il * 25 to n s  o f
c o l lo id a l  phosphate a 1 a 50 x 1 .0 1 25 x 1 .0

: 2 a 4  * 0 .5 1 10 x 1 .0

1

U ntrea ted  s o i l a 0 # m 0 -

I t  i s  obvious t h a t  th e  amount o f  c rack in g  o f th e  s o i l  i s  r e la te d  

to  the  amount o f  c o l lo id a l  phosphate in  th e  s o i l .  The c racks in  th e  s o i l  

sample co n ta in in g  25 to n s  o f  c o l lo id a l  phosphate were two to  fo u r  tim es 

as w ide, and th e  t o t a l  le n g th  was approx im ate ly  tw ice  as long as in  the
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s o i l  sample c o n ta in in g  5 to n s  per a c re .  No cracks occu rred  in  th e  u n tr e a t ­

ed so il*

The s o i l  c o n ta in in g  v a r ia b le  amounts o f c o l lo id a l  phosphate was t e s t ­

ed fo r  p l a s t i c i t y .  None o f th e  samples became p la s t ic *  This i s  n o t s u r­

p r is in g  inasmuch as th e  s o i l  co n ta in in g  25 to n s  o f  c o l lo id a l  phosphate per 

acre  co n ta in s  le s s  th a n  15 p e rc e n t c la y , th e  minimum amount g e n e ra lly  con­

s id e re d  to  be needed to  cause p l a s t i c i t y .

The s o i l  samples used fo r  th e  p l a s t i c i t y  t e s t s  were molded in to  b a l l s  

approx im ately  one in ch  in  d iam eter and th e n  allow ed to  a i r  dry* A fte r  th ey  

were d ry , p re s su re  was a p p lie d  to  t e s t  th e  r e l a t i v e  s t r e n g th  o f  th e  s o i l  

masses* The amount o f  fo rc e  re q u ire d  to  b reak  them was more or le s s  

p ro p o r tio n a l to  t h e i r  c o l lo id a l  phosphate c o n te n t . Upon b reak in g  th e  un­

t r e a te d  s o i l  s ep a ra te d  in to  sm all ag g reg a te s  w h ile  th e  s o i l  c o n ta in in g  

25 tons p e r  acre  o f  c o l lo id a l  phosphate broke in to  r e l a t i v e ly  la rg e  ag­

g re g a te s .

Base-Exchange C apacity  and Exchangeable Bases

Base-exchange c a p a c ity  and exchangeable b ases o f  th e  u n tre a te d  s o i l  

and o f th e  s o i l  c o n ta in in g  v a r ia b le  amounts o f  c o l lo id a l  phosphate were 

determ ined by th e  method d e sc rib e d  by S ch o llen b e rg er and Simon (1945) •

The r e s u l t s  o f  th e se  an a ly se s  a re  shown in  Table 4*
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Table 1+. —The base-exchange c a p a c ity , exchangeable b a se s , and 
p e rc en t o f  base s a tu r a t io n  o f greenhouse s o i l  w ith  
and w ith o u t c o l lo id a l  phosphate

Type o f

x fo ta l  
ibase  ex - 
1 change 
1 c a p a c ity

Ex­
change­
ab le
Ca

*Ex-
t  change-
ja b le
*Mg

U x -
change­
ab le
K

ttfo ta l ex- 
■* change- 
ta b le  
tb a se s

tA pproxi- 
tmate p e r-  
tc e n t s a tu ­
r a t i o n *

S o il sample t M ille q u iv a le n ts  p er 100 grams

S o il only 1 1+.31+ 0.31
s

1 0 .09 0.1+3 t 0 .83 * 19.1

S o il + 0 .5  
to n  c o l lo id a l  
phosphate

3
e•

i 3 .97 0 .33

•
>
••
: 0.09 0.51

*
•
•

1 O.93 *  23.1+

S o il +  1 .0  
ton  c o l lo id a l  
pho sphate

e

«
e

•
*  3.30 0 .36

t
•

*  0.21 0.36
:

* 0 .93 : 23 .5

S o il +  5 .0  
tons c o l lo id a l  
phosphate

3

•
•

t 3*46 0.53

:
:
:  0.16 0.1+3

t
•

t  1 .12 t  32.1+

S o il +  25 .O 
tons c o l lo id a l  
phosphate

•
t
1
: 3 .87 1.17

•
t
••
1 0 .21 0.61+

:
t
: 2 .02 t 52.2

S tandard
d e v ia tio n

•
:
: 0 .21 0.03

t
: 0.05 0.08

3

t ••
t

♦Since bases o th e r th an  Ca, Mg, and K were n o t de term ined , and pos­
s ib ly  occu rred  in  th e  s o i l  i n  very  sm all q u a n tity , th e  p e rc en t o f 
base s a tu r a t io n  i s  p robab ly  s l i g h t l y  h ig h e r th an  th a t  shown i n  th e  
t a b le .

The mean base exchange c a p a c ity  fo r  a l l  s o i l  sam ples i s  3*89 

m .e./lO O  g r .  o f  s o i l .  A lthough th e  in d iv id u a l  samples v a r ie d  somewhat, 

an a n a ly s is  o f  v a ria n ce  re v e a le d  no s ig n i f ic a n t  d if f e r e n c e  between th e  

v a rio u s  samples c o n ta in in g  d i f f e r e n t  amounts o f  c o l lo id a l  phosphate*

Amount o f  exchangeable b ases i s  very  low as i s  a ls o  th e  p e rc en t o f  

base s a tu r a t io n .  The s o i l s  co n ta in in g  c o l lo id a l  phosphate a t  r a te s  3 and 

25 to n s  per a c re  c o n ta in  a p p re c ia b ly  more exchangeable calcium  than  th e  

u n tre a te d  s o i l  and th e  s o i l  w ith  sm all amounts o f  c o l lo id a l  phosphate . The 

d if fe re n c e s  between th e  form er and l a t t e r  s o i l  samples are v e ry  s ig n i f i c a n t .
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There i s  a lso  a very  s ig n i f ic a n t  d if fe re n c e  in  th e  amount o f  calcium  in  

the  s o i l  co n ta in in g  5 to n s  o f  c o l lo id a l  phosphate and th e  s o i l  c o n ta in in g  

25 to n s  o f  t h i s  m a te r ia l .  Undoubtedly only  a  p a r t  o f th e  calcium  i n  th e  

l a t t e r  samples i s  exchangeable calcium , th e  rem ainder ( th e  amount above th a t  

found in  th e  s o i l  a lo n e) being  calcium  t h a t  went in to  s o lu t io n  from  th e  

c o l lo id a l  phosphate when th e  s o i l  was leached  w ith  ammonium a c e ta te *

Although th e re  a re  s if fe re n o e s  in  th e  amount o f  exchangeable K and 

Mg in  th e  v a rio u s  s o i l  sam ples, none o f th e  d if fe re n c e s  a re  s ig n if ic a n t*

The g re a te r  amount in  some of th e  s o i l  samples c o n ta in in g  c o l lo id a l  phos­

phate was p robab ly  caused by sm all amounts o f K and Mg from th e  c o l lo id a l  

phosphate going in to  s o lu t io n  in  le ach in g  th e  s o i l .

A vailab le  Phosphorous

A v ailab le  phosphorous was determ ined  on two d i f f e r e n t  s o i l  e x t r a c t s ,  

one secu red  by u s in g  sodium a c e ta te  (Morgan, 1935)> th e  o th e r  secu red  

by u sin g  carb o n ic  a c id  (McGeorge and B reazea le , 1931) &s an e x tra c t in g  

s o lu t io n .  The r e s u l t s  o f  th e se  d e te rm in a tio n s  a re  shown in  Table

Table 5» --C a rb o n ic -a c id  so lu b le  and sodium bacetate  so lu b le  
phosphorous in  v a rio u s  ty p es  o f greenhouse s o i l  
samples

1 C arbon ic-ac id  1 Sodium a c e ta te
■ Type o f t so lu b le  F t s o lu b le  P

s o i l  sample s p . p . m.

U n trea ted  s o i l
t
• 5 .0  * 8 .0

S o il  + 1 to n
t
t

c o l lo id a l  phosphate 1 5.5 * 8 .5

S o il ♦ 25 to n s 1
c o llo id a l  phosphate * 25 .0  t -

According to  Rogers and o th e r  (1939)» th e  t o t a l  phosphorous in  v i r g in  

s o i l  o f  th e  N orfolk  s e r ie s  ranges from 0.01 to  0 .05  p e rc en t in  th e  su rfa ce  

s o i l  and from 0.01 to  0 .06  in  th e  s u b s o i l .  Expressed as p . p .  m ., th e
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range would be from 100 to  600. I t  i s  e v id en t from th e  d a ta  in  Table 5 

th a t  a r e l a t i v e ly  sm all p ro p o r tio n  o f th e  phosphorous i s  r e a d i ly  a v a i la b le .  

Taking th e  so d iu m -a ce ta te -so lu b le  phosphorous as a b a s i s ,  th e  60i l  con­

ta in s  n e a r ly  enough a v a ila b le  phosphorous to  meet th e  annual requ irem en ts 

(approx im ate ly  16.7  pounds) o f  a crop o f  1 -y ea r s la s h  p ine se e d lin g s  (see  

A ppendix). Based on th e  c a rb o n ic -a c id -s o lu b le  phosphorous, vhe s o i l  may 

no t m eet th e se  req u irem en ts . I t  i s  obvious t h a t  a  o n e-to n  a p p l ic a t io n  o f 

c o l lo id a l  phosphate does n o t remedy th e  s i t u a t io n .  On th e  o th e r  hand, a 

25- to n  a p p lic a t io n  in c re a se s  g r e a t ly  th e  supply  o f a v a i la b le  phosphorous 

and th u s  g ives in su ran ce  a g a in s t  an ex h au s tio n  o f th e  su pp ly . The c o l lo id a l  

phosphate can be an im p o rtan t source o f a v a ila b le  phosphorous in  th e  s o i l ,  

p robab ly  fo r  s e v e ra l y e a r s .

S o il R eaction

The pE o f  th e  s o i l  was d e te m in e d  e le c t r o m e tr ic a l ly  w ith  a  g la s s  

e le c tro d e  a t  a  s o i l-w a te r  r a t i o  o f  1*1 by w eigh t (Reed, F ie ld in g , and 

Cummings, 19U5)* Based on fo u r sam ples, th e  pH o f th e  s o i l  i s  5*13.

In  o rd er to  determ ine th e  a b i l i t y  o f  th e  s o i l  t o  r e le a s e  b ases  to  th e  c lay  

f r a c t io n ,  s o i l  samples w ith  and w ith o u t c o l lo id a l  phosphate were leached  

w ith  0.05N HC1, washed w ith  d i s t i l l e d  w a ter and w ith  a lc o h o l, and allow ed to  

s tan d  a t  room tem p era tu re  fo r  2 w eeks. The pH o f th e  sam ples was determ in­

ed f iv e  tim es du ring  th e  f i r s t  week and a t  th e  end o f th e  second week. The 

reco rd  o f th e se  d e te rm in a tio n s  i s  p re sen te d  i n  Table 6 .
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Table 6 .  —Change In  pH and H -ion c o n c e n tra tio n  o f greenhouse 
s o i l  w ith  and w ith o u t c o l lo id a l  phosphate du ring  
a 2-week p e rio d  fo llo w in g  leach in g  w ith  0.05K HC1

Time a f t e r

* T y p e
*Soil + 5 tS o il  * 25* 
ito n s  c o l- i to n s  c o l - j  
t l o id a l  i l o i d a l  j 

S o il *phosphate*phosphate*

o f  s o i l  sample
iS o il f  5 *S o il f  25

S o il
days pH * H -ion c o n c e n tra tio n 0 1 VJ

: t t «• t
0 t 3»44t 3 .5 8 i 4 *00* 36*3 26 . 0 * 10.8

* t t * :
1 1 3*70* 3*931 4 *22 * 20 .0 15 . o* 6 .1

* * * s t

3 1 3.81* 3.99* 4.42* 15*0 10 . 0 * 3 .8
* * * * *

1+ : 3 .8 1 : 3.99* 4*42 s 15*0 10 . 0 * . 3 .8
: * : 1 t

6 * l+.OOj 4.14* 4 . 59* 10.2 7 . 2 * 2 .6
* i 1 : t

14 * l+.li+J 4*39* 4*80* 7 .3 4 . I t 1 .6

to n s  c o l- i to n s  c o l­
lo id a l  i lo id a l  
phosphate t phosphate

Leaching w ith  Q.05N HCl d id  n o t reduce th e  pH o f th e  s o i l  c o n ta in ­

in g  c o l lo id a l  phosphate as much as t h a t  o f th e  u n tre a te d  s o il*  I t  

i s  e v id en t t h a t  th e  c o l lo id a l  phosphate produced a  d e f in i te  b u ffe r in g  

e f f e c t  on th e  s o i l .  The b u ffe r in g  e f f e c t  i s  e v id en t a lso  in  th e  sm all­

e r  change i n  H -ion c o n c e n tra tio n  in  2 weeks in  th e  s o i l s  c o n ta in in g  

c o l lo id a l  phosphate th an  in  th e  u n tre a te d  s o il*  This i s  e s p e c ia l ly  tru e  

in  th e  s o i l  tre a tm e n t a t  a  r a t e  o f  25 to n s  p e r ac re  o f  c o llo id a l  phosphate« 

Change in  H -ion c o n c e n tra tio n  was much g r e a te r  during  th e  f i r s t  week than  

during  th e  second week* In  o th e r  words, as th e  pH p ro g ressed  tow ard th e  

o r ig in a l  pH o f th e  s o i l ,  th e  change in  H -ion c o n c e n tra tio n  slowed down.

This would in d ic a te  th a t  a v a ila b le  b ases would be re le a s e d  to  th e * c o llo id ­

a l  complex very  slow ly  as a  r e s u l t  o f  minofc changes in  pH in  th e  s o i l  

caused by th e  w ithdraw al o f  b ases by growing p lan ts*
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191+1-1+2 Experim ent

The I 9I+I-I42 experim ent was n o t c o n tro lle d  so e f f e c t iv e ly  as l a t e r  

experim ents and was very  l im ite d  in  scope tawing to  th e  development o f 

un fo reseen  d i f f i c u l t i e s .  I t  was u s e fu l fo r  t e s t in g  experim en tal p rocedu re , 

and i t  fu rn ish e d  some s a ta  fo r  com parison w ith  t h a t  from l a t e r  experim en ts.

Because o f th e  l im i ta t io n s  o f t h i s  p r o je c t ,  i t  i s  d iscu ssed  on ly  b r i e f l y .

The p lan  f o r  t h i s  experim ent d i f f e r e d  as fo llow s from th a t  d esc rib ed  

e a r l i e r  under "Experim ental Methods"}

1 . The se e d lin g s  were n e a r ly  2 months o ld  (e x a c tly  2 months from

seeding  tim e) when tra n s p la n te d  in  th e  s o i l  p o ts .

2 . S ix  t r e e s  were p la n te d  in  each p o t.

3* Commercial f e r t i l i z e r s  were mixed in  th e  upper 1+ inches o f  s o i l  

in  advance o f p la n t in g . Ammonium su lp h a te  and sodium n i t r a t e  were 

used as sou rces o f  n itro g e n  in  such p ro p o rtio n s  t h a t  th e y  y ie ld e d  

equal q u a n t i t ie s  o f n itro g e n ; superphosphate and m u ria te  o f  p o ta sh  

were th e  sou rces o f  phosphorous and po tassium , r e s p e c t iv e ly .

I4.. Height o f  th e  see d lin g s  was measured from th e  ground l in e  to  

th e  t i p  o f  th e  lo n g e s t n e e d le .

F ive d i f f e r e n t  tre a tm e n ts  were ap p lie d  to  th e  s o i l  as fo llo w si

1 . No n u t r i e n t s  added (d e s ig n a te d  in  th e  d is c u s s io n  which fo llow s 

"ch eck ").

2 . 20# N, 20#  P2O5 , and 20# K2O p e r ac re  (d e s ig n a te d  as  "2CNPK").

3 . kO# N, kO# P2O5 , and 1+0# K2O p er ac re  (d e s ig n a te d  as  "i+ONPK").

i+. 60# N, 60# P2O5, and 60# K2O p er a c re  (d e s ig n a te d  as "60NPK") •

5» 1*0# N, UO# P2O5# and i+Q# K2O p e r a c re  p lu s  20#  Fe, 20# Mn,

20# Cu, 10# Zn, and 2# B (d e s ig n a te d  as "NPK ♦ minor e lem en ts" ) .



V arious fe a tu re s  o f  th e  t r e e s  t h a t  were measured a t  th e  end o f

th e  experim ent a re  shown in  Table 7•

Table 7* —The mean h e ig h t, w eigh t, ro o t- sh o o t r a t i o ,  and number 
o f  b ranches o f  s la s h  p ine  se e d lin g s  grown in  d i f f e r ­
e n t o u ltu re s  fo r  128 days ( t o t a l  age o f t r e e s -  178 
days)

H eight * Dry w eight R oot-shooi * Branches
Treatm ent t mm. * grams r a t i o s number

Check * 225*4 * 1.39 0 .45 * 1.71
1

20NPK * 243.8 * 1.55 0.45 * 1*54

i+ONPK * 240.8  * 1.68 0.43 * 3 .00
s

80NPK * 253.0  1 1.81 0 .46 * 4 .0 0
s

NPK + m inor * 
elem ents * 207.3 1 1.39 O.56 * 2 .2 5

t
S tandard  * 

d e v ia tio n  i 0 .1  t 0 . 1? 0 .0 4 * 0 .5 6
t

D ifference  b e - j  
tween t r e a t -  * 
ment means to  * 
be s ig n i f i c a n t : 
a t  5 p e rc en t t * 1.72

*
P value  t r e a t - *  
ment * 1.56  * O.98 1.97 * 3 . 29*

♦ S ig n if ic a n t a t  5 p e rc e n t.

The a d d itio n  o f n u t r ie n ts  to  th e  s o i l  a f fe c te d  th e  grow th o f th e  

se e d lin g s , b u t on ly  th e  e f f e c t  on number o f  branches per t r e e  was 

s ig n i f ic a n t .  The la ck  o f s ig n i f ic a n t  d if fe re n c e  between th e  t r e e s  

from th e  v a rio u s  tre a tm e n ts , a t  l e a s t  in  h e ig h t and w eig h t, p robab ly  

was due to  th e  la c k  o f  u n ifo rm ity  in  th e  age o f th e  s e e d lin g s  caused 

by i r r e g u la r  g e rm in a tio n . As th e  amount o f  n itro g e n , phosphorous, and 

potassium  added to  th e  s o i l  was in c re a se d  h e ig h t and dry  w eigh t o f  

th e  se e d lin g s  in c re a se d , th e  h e ig h t o f  th e  1+ONPK tre a tm e n t excep ted . 

There i s  no t r e n d  in  the  ro o t-sh o o t r a t i o s .  The a n a ly s is  o f  v a rian ce
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of th e  number o f branches p e r t r e e  re v e a ls  t h a t  s ig n i f ic a n t  d i f f e r ­

ences e x is t  between th e  tre a tm e n ts .  S ince a d if f e re n c e  of 1 .72  branches 

in  th e  means of any two tre a tm e n ts  is  s ig n i f ic a n t  a t  5 p e rc e n t, an 

exam ination o f  th e  v a lu es  in  Table 7 shows th a t  th e  80NPK tre a tm e n t was 

s ig n i f ic a n t ly  su p e r io r  to  th e  check, 20NPK, and th e  NPK + m inor elem ents 

t re a tm e n ts . Except f o r  th e  in c o n s is te n c y  o f th e  20NPK tre a tm e n t, as 

th e  amount o f n itro g e n , phosphorous, and po tassium  added to  th e  s o i l  

was in c re a se d , b ranch ing  in c re a s e d . . .

Table 8 shows th e  p ro g re ss  of branch development from th e  appear­

ance o f th e  f i r s t  b ranches (8  weeks a f t e r  t r a n s p la n t in g j  to  th e  end of th e  

experim ent.

Table 8 . —The p ro g ress  o f b ranch  developm ent on greenhouse grown 
s la s h  p in e  s e e d lin g s  d u rin g  a two-month p e rio d

Time a f t e r  t r a n s p la n t in g
8 weeks : 11-g- w eeks: lh g  weeks 1 15s weeks s 17-2 weeks

Treatm ent Number o f branches p er t r e e

Check o .o U
: s 
s 0 .2 9  * 0 .9 6

t 3 

s 1.5U * 1.71

20NPK 0 .5 0
3 3
s 0 .6 7  * 1.0U : 1 .37 * 1.5U

J+ONPK 0 .9 2 : 1 .17 * 2.71
3 3

3 2 .96  3 3.00

80NPK 0.37
3 3
t 0 .5 8  » 2 .92 s 3 .7 5  s U .00

NPK 4 minor 
elem ents 0 .7 5

1 1 

! 0 .9 2  « 1.33
: i  

t 2 . 1 2  i 2 .2 5

Standard
d e v ia tio n 0 .21

3 3
: 0 .2 6  3 0 .5 1

3 i

0.5U s 0 .5 6

D ifference  be­
tween t r e a t ­
ment means to  
be s ig n i f ic a n t  
a t  5 p e rcen t

1 3 
( 1

: <
: * 1.57

3 >

i  s 
s 1 
i  1 . 6 6  j 1 .72

^ value  
tre a tm e n t 2 .59

* 1 

t 1.6U > 3»37*
3 3 

3 3.36* 3 3 . 29*

♦ S ig n i f ic a n t  a t  5 p e rc e n t.
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A ll n u t r i e n t  tre a tm e n ts , ex cep t th e  20NPK c u ltu re ,  produced t r e e s  w ith  

more branches th an  th e  check th roughou t th e  experim ent. Even th e  a fo re ­

mentioned tre a tm e n t produced t r e e s  w ith  more b ranches th a n  th e  check during  

the  f i r s t  12-g weeks. D iffe re n c es  in  th e  number o f  b ranches per t r e e  be­

tween th e  v a rio u s  c u ltu re s  were n o t s ig n i f ic a n t  u n t i l  weeks a f t e r  

t r a n s p la n t in g , and th e y  con tinued  to  be s ig n i f ic a n t  u n t i l  th e  end o f  th e  

experim ent. A fte r  lljjr and 15-3 weeks, th e  J+ONPK and 80NPK tre a tm e n ts  

produced t r e e s  w ith  s ig n i f i c a n t ly  more branches th an  th e  check or 2DNPK 

tre a tm e n t. Only th e  80NPK tre a tm e n t produced t r e e s  w ith  s ig n i f i c a n t ly  more 

branches th an  the  NPK f  minor e lem ents tre a tm e n t a t  th e  end o f  llj.-§- weeks. 

A fte r lii^  weeks, th e  80NPK c u ltu re  had t r e e s  w ith  s ig n i f io a n t ly  more b ranches 

th an  th e  check, 20NFK, and NPK + m inor elem ents tre a tm e n ts .

Although th e re  were no s ig n i f ic a n t  d if f e re n c e s  in  number o f branches 

per t r e e  between th e  l+ONPK and NPK I  minor elem ents tre a tm e n ts , th e  d i f ­

fe ren ce  was n e a r ly  la rg e  enough a t  li|.-g- weeks to  be s ig n i f i c a n t .  Prob­

ab ly  th e  minor elem ents were c o n tr ib u tin g  f a c to r s  in  reduc ing  th e  amount 

o f b ran ch in g . I t  was ev id en t when th e  t r e e s  were h a rv ested  th a t  th o se  

from th e  trea tm en t re c e iv in g  minor elem ents were abnormal in  the  appearance 

o f the  f o l ia g e .  The extreme t i p s  o f  th e  p rim ary  n eed les  o f  th e s e  t r e e s  

were brown, and ex tend ing  back from the  brown zone f o r  a d is ta n c e  o f  l /8  

to  1/J+ in ch , th ey  were yellow . Needles o f  t r e e s  from a l l  o th e r c u l tu re s  had 

a normal green  c o lo r  th roughou t t h e i r  e n t i r e  le n g th .

I t  i s  notew orthy th a t  th e  a d d it io n  o f 20 pounds o f n itro g e n , phos­

phorous, and potassium  to  th e  s o i l  had no e f f e c t  on b ran ch in g . When th e  

amount o f n u t r i e n t s  was doubled, b ranch ing  was in c re a se d  enough to  produce 

s ig n i f ic a n t  e f f e c t s  a t  l^-g weeks and n e a r ly  s ig n i f ic a n t  e f f e c t s  t h e r e a f t e r .  

When th e  o r ig in a l  q u a n tity  of n u t r i e n t s  was quadrupled, e a r ly  b ranch ing  was
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n o t a f fe c te d  s ig n i f ic a n t ly ,  b u t once the  e f f e c t  o f th e  n u t r ie n ts  was 

e s ta b l is h e d , i t  was m ain ta ined  u n t i l  th e  end o f  th e  experim en t. Although 

t r e e s  re c e iv in g  80 pounds o f  each o f th e  th re e  n u t r i e n ts  developed more 

branches a f t e r  li+g- weeks th a n  th o se  re c e iv in g  40  pounds, d if f e re n c e s  in  

th e  b ranch ing  were never s ig n i f i c a n t .  A lthough th e  d if fe re n c e s  in  branch­

ing between th e  t r e e s  from th e  20- and i4.0-pound tre a tm e n ts  was s ig n i f ic a n t  

only a f t e r  li+g- weeks, th e  d if fe re n c e s  were n e a r ly  s ig n i f ic a n t  a t  15^  and 

17^ weeks a ls o .  O bviously , th e  in c re a se  in  n u t r i e n ts  from 20 to  80 pounds 

per acre  has a more pronounced e f f e c t  on branch ing  th an  in c re a se s  e i th e r  

from 20 to  1+0 and from i+0 to  80 pounds p er a c r e .

A lthough th e  d if fe re n c e s  betw een tre a tm e n ts  in  th e  number o f  b ranches 

per t r e e  were n o t s ig n i f ic a n t ,  th e  d if fe re n c e s  in  th e  number o f branched 

t r e e s  per p o t vrere s ig n i f ic a n t  a t  8 and 11^-weeks, b u t were n o t s ig n i f ic a n t  

l a t e r .  Branching was slow to  develop on t r e e s  in  th e  check c u l tu r e .  At 

the  end o f 8 weeks, th e  p o ts  o f  a l l  c u l tu re s  re c e iv in g  supplem ental n u tr ie n ts  

con tained  more branched t r e e s  th a n  th e  check c u l tu re ,  and a f t e r  11^ weeks 

the  p o ts  o f th e  fo llo w in g  tre a tm e n ts  co n ta in ed  a  g re a te r  number o f branched 

t r e e s  than  th e  check* 20NPK, 40NFK, and NPK + minor e lem en ts . The p ro ­

p o r tio n  o f  branched t r e e s  a t  11^ weeks ranged from 4  p e rcen t fo r  th e  cheok 

to  45«9 p e rcen t fo r  th e  NPK + minor e lem ents; a t  li+i? weeks, i t  ranged from 

12.5 p e rc en t fo r  th e  check to  50 p e rc en t fo r  th e  NPK + minor elem ents t r e a t ­

m ents. There were no s ig n i f ic a n t  d if f e re n c e s  in  th e  number of branched 

t t r e e s  produced in  th e  fo u r  d i f f e r e n t  n u t r i e n t  tre a tm e n ts .

Although d if fe re n c e s  betwoen tre a tm e n ts  were no t s ig n i f ic a n t ,  th e  

1941-142 greenhouse experim ent in d ic a te d  th a t  th e  a d d it io n  o f v a r ia b le  amounts 

o f  n itro g e n , phosphorous, and po tassium  to  N orfolk  sand re s u l te d  in  th e  p ro­

d u c tio n  o f t a l l e r ,  h eav ie r t r e e s .  The amount o f  in c re a se  in  h e ig h t and w eight
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i s  r e la te d  to  th e  amount o f  th e se  n u t r i e n t s  added over a range o f 20  to  

80 pounds per a c re  o f N, P2O5 , and K2O. When Cu, Fe, Mn, Zn, and B were 

added to  the  i+0-pound a p p lic a t io n  o f  N, P2P5 , and K2O, h e ig h t was d ep ressed , 

a lthough  n o t s i g in i f i c a n t ly ,  and w eight showed no change.

The 20-pound a p p l ic a t io n  o f  N, P2O5 J and K2O had no e f f e c t  on b ranch­

ing o f th e  tre e s*  b u t when th e  amount o f  th e se  n u t r i e n ts  was in c re a se d  to  

40 o r 80 pounds p e r a c re , b ranch ing  as exp ressed  by number o f  branches p e r 

t r e e  was g re a t ly  s tim u la te d  in  th e  l a t e  s tag e s  o f  th e  experim en t. As 

expressed by number o f  branched t r e e s  th e  s t im u la tin g  e f f e c t  o f  th e  nu­

t r i e n t s  was most pronounced du ring  th e  e a r ly  s ta g e s  of th e  experim ent, when 

a l l  fo u r n u t r i e n t  c u ltu re s  produced more branched t r e e s  th a n  th e  check.
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1943-44 Experim ents

S o il Treatm ents

Three se p a ra te  experim en ts, in v o lv in g  tw e n ty -f iv e  d i f f e r e n t  t r e a t ­

m ents, were s e t  up* Experim ent I  i s  a sim ple f a c t o r i a l  d esig n  o f e ig h t 

tre a tm e n ts  in v o lv in g  th re e  n u t r i e n t s ,  N, P2O5 , and KgO, a t  two le v e l s .  

Experim ent I I  c o n s is ts  o f  s ix  tre a tm e n ts  a t  th re e  le v e ls  o f  N, P2O5 , 

and K2O in  two modes o f a p p lic a t io n , namely: a  s in g le  a p p lic a t io n  and fo u r 

equal a p p lic a t io n s  ( r e f e r r e d  to  as " s p l i t - a p p l ic a t io n " )  a t  in te r v a ls  o f 

6 w eeks. Experim ent I I I  c o n s is ts  o f e leven  m isce llan eo u s tre a tm e n ts  

d ea lin g  c h ie f ly  w ith  c o l lo id a l  phosphate, p e a t moss, and wood ashes w ith  

or w ith o u t N, P2O5 , o r K2O. The d e ta i l s  o f th e  c h a ra c te r  o f  each t r e a t ­

ment a re  shown in  Tables 9» 23, and 33*

K itrogen  was su p p lied  by phosphorous was su p p lie d  by

KB^POj ,̂ excep t in  tre a tm e n t 12 in  which i t  was su p p lied  by Ca (HjpPOj^g 

Ĥ O and in  tre a tm e n ts  16, 17 , 18, 21 , and 22 in  which c o l lo id a l  phos­

phate was th e  so u rce ; potassium  was su p p lied  by KHqPO}̂  and KCl. A ll 

th e se  m a te r ia ls  were C. P . ch em ica ls . The c o l lo id a l  phosphate  used in  

th e se  and a l l  o th e r  experim ents con ta in ed  20 p e rc en t t o t a l  P2O5 and 

17 p e rc en t Ca. A q p ic k - te s t  a n a ly s is  (Spurway, 1938) made on t h i s  m a te r ia l ,  

leached  w ith  d i s t i l l e d  w a te r , showed th e  fo llo w in g  com position  o f th e  

le a c h a te  in  p . p . m. 1 P205, 2 .5 ;  Ca, 100; Mg, 4 ;  NO2 , 1; NO3 , 25; and 

tr a c e s  o f  SOj ,̂ K2P and Na. T ests  fo r  AI2 , CI2 , MtU ^®4» and Fe were b la n k . 

A lthough th e  c o l lo id a l  phosphate was n o t analyzed  fo r  minor e lem en ts, th e se  

i s  every  reason  to  b e lie v e  t h a t  i t  c o n ta in s  such e lem en ts . Gaddum and Rogers 

( 1936) in  an a ly z in g  com posite samples o f c o l lo id a l  phosphate fo r  fo u r te e n  

minor elem ents found th i r t e e n  d e f in i t e ly  p re s e n t  and an o th er p o s s ib ly  p re ­

s e n t.
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O rig in  o f  S eed lin g s

S lash  p ine  seed was c o l le c te d  from a v ig o ro u s , fu ll-c ro w n ed , 12 -inch  

s la s h  p ine on th e  A ustin  Cary F o re s t n ea r G a in e s v ille  on September 26,

1943. The cones were d r ie d  a t  a i r  tem p era tu re  and th e  seed e x tra c te d  from 

the  cones w ith in  2 weeks. A s u f f i c i e n t  q u a n tity  o f  seeds w eighing be­

tween 38 .5  and 4 1 .5  mg. each were weighed in d iv id u a l ly ,  s t r a t i f i e d  in  

m oist a c id  p e a t moss, and r e f r i g e r a te d  a t  40°F . on O ctober 26, 1943*

On November 26 th e  seed was removed from th e  r e f r i g e r a to r  and sown in  

germ inating  f l a t s  f i l l e d  w ith  th e  same s o i l  t h a t  was used in  th e  g reen­

house p o ts .  G erm ination was f i r s t  e v id en t on December 1, reached  i t s  

peak on December 5* and was 92 p e rc en t com plete by December 7» Seed­

l in g s  t h a t  germ inated  a f t e r  December 11 were d is c a rd e d . The t r a n s f e r r a l  

o f th e  se e d lin g s  from th e  germ inating  f l a t s  to  th e  p o ts  was made on 

December $1 and January  1 .

N u tr ie n t S o lu tio n s

On January  7 , n u t r i e n t  s o lu t io n s  were a p p lie d  to  th e  p o ts  o f  a l l  

c u ltu re s  excep t th e  checks and th o se  in  tre a tm e n ts  24 and 25 . Wood ashes 

were ap p lie d  to  th e  p o ts  in  th e  l a t t e r  tre a tm e n ts  on January  10» Those 

c u ltu re s  re q u ir in g  more th a n  one a p p l ic a t io n  o f  n u t r i e n t s  were t r e a te d  

on February  17* March 30* and May l l 9 .

9» The in te r v a l  between th e  a p p lic a t io n  o f n u t r i e n t s  in  th o se  tre a tm e n ts  

re c e iv in g  more th an  one a p p l ic a t io n  was 6 weeks. I t  was th e  o r ig in a l  

p lan  to  h a rv e s t  th e  t r e e s  6 weeks a f t e r  th e  fo u r th  a p p l ic a t io n  o f  n u tr ie n ts  

(June 2 2 ), b u t th e  abnormal growth, in  consequence o f  100°F. tem p era tu res  

in  th e  greenhouse during  May, made te rm in a tio n  o f th e  experim ent on May 

26 a d v isa b le .
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Tem perature and Length o f  Day

A therm ograph was i n s t a l l e d  in  th e  greenhouse on January  28,

4  weeks a f t e r  th e  t r e e s  were t r a n s f e r r e d  to  th e  pots*  A con tinuous r e ­

cord o f  tem p era tu re  was m ain ta in ed  to  th e  end o f th e  experim ent*

Mean weekly tem p e ra tu res  were computed as averages o f  th e  ho u rly  tem­

p e ra tu re s  du rin g  th e  week* The mean tem p e ra tu res  shown in  Table 86 

(Appendix) fo r  th e  f i r s t  4  weeks a re  on ly  approxim ate . They were com­

puted  a f t e r  comparing th e  ou tdoor tem p e ra tu res  o f  a nearby  w eather s ta t io n  

m ain ta ined  by th e  A g r ic u ltu ra l  Experim ent S ta t io n  w ith  greenhouse tem­

p e ra tu re s  o f  days having ty p ic a l  tem p era tu re  p a t te r n s  fo r  t h a t  tim e o f  

y e a r .  Length o f  day, shown i n  Table 8 6 , was com piled from lo c a l  d a i ly  

w eather maps o f  th e  W eather B ureau. The le n g th  o f  day rec o rd  shows one 

a sp ec t o f  l i g h t  c o n d itio n -  d u ra tio n  o f  l i g h t .  Record o f  l i g h t  in ­

t e n s i ty  and q u a l i ty  was n o t k e p t.

R eference w i l l  be made to  Table 86 l a t e r  in  d e sc r ib in g  c e r ta in  

d if fe re n c e s  i n  p la n t  b eh av io r in  th e  1 9 4 3 and 1944-45 greenhouse 

experim en ts.
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Experim ent I

S o il T reatm ents

The n a tu re  o f  each  s o i l  tre a tm e n t i s  shown in  Table 9

Table 9» —N u tr ie n t tre a tm e n ts  used in  Experim ent I ,  
1943- 24k

« N u tr ie n ts  a p p lie d  January  7
Treatm ent * N } P205 i  K20

Number D esignation} Pounds p e r acre

7
}

Check t 0
}
t 0

}
t 0

8*
}

60NP t 60
}
: 60

}
} 0

9 60NK t 60 } 0
}
t 60

10
3

6 opk } 0 } 60
}
} 60

11 60N } 60
}
} 0

t
t 0

12
3

6 o p  » 0 } 60
3
t 0

13
}

6ok t 0
}
} 0

1
* 60

11+ 6onpk i 60
}
} 60

3
t 60

♦Treatm ents 8 to  li+ a re  a lso  r e f e r r e d  to  in  the. manu­
s c r ip t  as n itro fcen-phosphorous, n itro g e n -p o ta ss iu m , 
phosphorous-po tassium , -n itro g en , phosphorous, 
po tassium , and n itro g en -p h o sp h o ro u s-p o ta ss iu m , r e s ­
p e c t iv e ly .
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Length of Stem

The average le n g th  o f stem of th e  t r e e s  in  each tre a tm e n t in  

Experim ent I  a f t e r  d i f f e r e n t  p e rio d s  o f tim e i s  shown in  Table 10*

Table 10. —Mean le n g th  o f stem 6 , 12, 18, and 19k weeks
a f t e r  i n i t i a l  tre a tm e n t, Experim ent I ,  19U3"W+

Time a f t e r  i n i t i a l  tre a tm e n t
6 weeks t 12 weeks 18 weeks 19g weeks

Treatm ent Length o f stem -  mm.

Check 9.1+ 60 .7 175.7 230.1

60NP 10. b 53*6 129.9 173.7

6onk 10.2 5U.2 138.6 18!+. 3

6opk 16.2 82.7 211.6 263.2

6on 9.0 3U.3 lOl+.O 11+9.3

6op 10.8 77 .7 200.6 251+.5

60K 13.8 62 . 1+ 173.9 227.1

60NPK 11.5 59.1 161+.8 219.9

S tandard
d e v ia tio n 1.1+ 8 .3 1+.3 12.7

D ifference  
between t r e a t ­
ment means to  
be s ig n i f ic a n t l+.o 2I4.3 12.7 36 .9
a t  5 and 1 per*
cent : 5*5 33.1 17.3 50.3
F value 
trea tm en t 3.02+ . 3.27* 70. 3++ Q.62**

♦ S ig n if ic a n t a t  5 p e rc e n t. 
♦ ♦ S ig n ific a n t a t  1 p e rc e n t.

The summary o f th e  a n a ly s is  o f  v a ria n c e  f o r  stem le n g th  a t  6 weeks 

is  p re sen te d  in  Table 91 (A ppendix), and th e  F v a lu es  f o r  6 , 12, 18, and 

19k weeks d e riv ed  in  th e  same manner as  th o se  in  Table 91 , a re  shown in  

Table 11. The F v a lu es  show th e  e x te n t  to  which th e  d i f f e r e n t  n u t r ie n ts
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Table 11. —Summary o f  F v a lu es  f o r  stem le n g th , Experim ent I ,
I9k3~kk

Source

i  Time a f t e r  i n i t i a l tre a tm e n t
t 6 weeks t 12 weeks 3 18 weeks 3 19^  weeks
t F v a lu es

W ith in  p o ts
t : 
t 0.18 *

3
0 .005  *

3
1.66* 3 0.2i+

R e p lic a tio n : 1 .86  3 0.71  i 3 .3 0  3 0 .70

K
t I

* 5»29* * 12.61+** t
t

336 . 09**3 ]+8.36*

P * 2 .78  :
t

6 .7 *  3

t

87.77*** 11.2+7**

K
t t
« 9•93** * 1 .8  3

I
i l l .2 0 ^ e * 5.95*

NP 8 0 .09  s 0 .28  3 0 .73  * 0 .0 0

NK t 2 .9 6  * 0.71  3 2U»kk**t k '5 i*

PK
1 1
3 0.01+ 3 0 .17  3 1.11+ * 0.1+1

NPK
t t
3 0.07  3 0.58 3 1.03  1 0 .0 0

♦ S ig n if ic a n t  a t  5?2.
♦ ♦ S ig n if ic a n t a t  !%•

a ffe c te d  th e  stem le n g th  o f th e  t r e e s .

N itro g en  was an in f lu e n c in g  f a c to r  in  th e  growth o f  th e  stem  th rough­

out th e  experim en t, b u t i t s  e f f e c t  was no t th e  same a t  a l l  tim e s . During 

th e  f i r s t  6 w eeks, n i tro g e n  in c re a se d  stem  growth s ig n i f i c a n t ly .  However, 

th e  f a c t  t h a t  a t  th e  end o f  12 weeks, stem le n g th s  o f  th e  t r e e s  in  th o se  

c u ltu re s  c o n ta in in g  n i tro g e n  were v e ry  s ig n i f i c a n t ly  s h o r te r  th a n  th o se  o f 

t r e e s  in  c u ltu re s  n o t c o n ta in in g  n itro g e n  dem onstrates th a t  th e  d ep ress in g  

e f f e c t  o f  th e  n u t r i e n t  d u rin g  th e  second 6 weeks must have been ap p re c ia b le  

to  change i t s  e f f e c t  from s i g i n i f i c a n t l y  fa v o ra b le  a f t e r  6 weeks to  very  

s ig n i f ic a n t ly  un fav o rab le  a f t e r  12 w eeks.

Phosphorous was slow to  e x e r t  an in f lu e n c e  on stem le n g th . At th e  end 

o f 6 weeks i t  had produced no s ig n i f i c a n t  e f f e c t ,  b u t a t  12 weeks i t  had p ro ­

duced a s ig n i f ic a n t  in c re a s e , and a t  18 and 19s weeks, a  v e ry  s ig n i f ic a n t ly  

fa v o rab le  e f f e c t  (F ig . 1 ) .
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The a c t io n  o f po tassium  was s im ila r  to  th a t  o f  n i tro g e n . I t  s t i ­

m ulated growth s ig n i f ic a n t ly  du rin g  th e  f i r s t  6 weeks. I t s  e f f e c t  was 

not e v id en t a t  12 weeks; b u t a t  18 weeks, po tassium  had caused a  v e ry  

s ig n i f ic a n t  d ep re ss io n  o f  stem le n g th ; and a t  19^  weeks i t s  d ep ress in g  

e f f e c t  was s ig n if ic a n t*

Comparisons o f  mean stem le n g th s  o f t r e e s  from each tre a tm e n t w ith  

those  from every  o th e r tre a tm e n t a re  p re sen te d  in  Table 12. At th e  end 

o f 6 weeks, th e  t r e e s  from th e  phosphorous tre a tm e n t were s ig n i f i c a n t ly  

su p e rio r in  stem le n g th  to  those  from s ix  o f  th e  o th e r  seven tre a tm e n ts . 

(F igSi 1 and 2 ) ,  w hile  se e d lin g s  from th e  po tassium  tre a tm e n t were 

su p e rio r  to  th o se  from two tre a tm e n ts .  S eed lin g s  grown in  th e  phos- 

phorous-potassium  c u l tu re  m ain ta ined  t h e i r  advantage over th o se  grown in  

th re e  tre a tm e n ts -  th e  n itro g en -p h o sp h o ro u s , th e  n itro g en -p o ta ss iu m , and 

th e  n itro g e n -  a l l  o f  which con ta ined  n itro g e n , and l o s t  t h e i r  advantage 

over th e  phosphorous tre a tm e n t by th e  tw e lf th  week, never to  re g a in  i t .

The p la n ts  grown in  th e  phosphorous-potassium  c u ltu re  d id  n o t show a con­

s i s t e n t  r e la t io n s h ip  to  th o se  grown in  th e  check nor. to  th o se  i n  th e  

potassium  c u l tu r e ,  b o th  o f  which th ey  su rp assed  o n ly  a f t e r  6 and 18 w eeks. 

Seed lings from t h i s  tre a tm e n t m ain ta in ed  t h e i r  advantage over th o se  from 

th e  n itro g e n  tre a tm e n t, b u t had l o s t  t h e i r  s u p e r io r i ty  over th o se  from 

th e  check by th e  tw e lf th  week, never to  re g a in  i t .

Trees in  th e  phosphorous c u ltu re  began to  show to  advantage a t  th e  

end o f  12 weeks, when th e y  were su p e r io r  to  th o se  in  th e  n itro g e n -  

phosphorous and n itro g e n  c u l tu r e s .  A fte r  18 weeks th e se  see d lih g s  were 

su p e rio r  to  th o se  in  s ix  o f th e  o th e r seven tre a tm e n ts  and m ain ta ined  

advantage over th o se  in  th re e ,  th e  n itro g en -p o ta ss iu m , n itro g en -p h o sp h o ro u s, 

and n i tro g e n  tre a tm e n ts  to  th e  end o f  th e  experim en t. I t  should be n o ted



Table 12. --Com parison o f  mean stem len g th s  o f t r e e s  a t  d i f f e r e n t  tim es a f t e r  i n i t i a l  tre a tm e n t 
in  Experim ent I ,

Time a f t e r  i n i t i a l  tre a tm e n t
6  weeks i 12 weeks t 18 weeks t ' 19~g weeks

Treatm ents su p e r io r  to  tre a tm e n ts  in  column 1
Treatm ent * a t  Wo ' a t  1% * a t  % a t  1% t  a t  5$ a t  1% a t i "  ........... ’a t  W

Check t 60K 60PK
t
t 6opk,6op

6onp 6 opk i 6opk,6op

t
*
t

Check,60K,60P 
6 opk ,6onpk 60NPK

* Check,60PK,60P 
*60K

6onk 6opk * 6 0PK

i

*
t

Check,60PK,60P
6o k ,6onpk 6ok t Check,60PK,60P

60PK

60N 1 6ok 6ofk
j Check, 60K 
16ONPK

t
t

6opk,6op *
Che ck,60NP,60NK
6 opk,6o p ,6o k ,6 onpk

j Che ck,60PK,60P
*6o k ,6onpk

60P 6 opk

6ok
t

t 6opk ,6op

60NPK i 60PK t 6opk,6op *6opk
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th a t  th e  th re e  l a t t e r  tre a tm e n ts  c o n ta in  n i tro g e n .

The b eh av io r o f  th e  t r e e s  in  th e  phosphorous-potassium , phosphorous, 

and po tassium  o u ltu re s  in d ic a te s  t h a t  po tassium  e x e r ts  an e a r ly  s t im u la tin g  

e f f e c t  on stem growth which i s  n o t m ain ta in ed ; t h a t  phosphorous i s  slow to  

a f f e c t  stem grow th, b u t once i t  does, th e  e f f e c t  i s  f a i r l y  w e ll su s ta in e d ; 

th a t  phosphorous combined w ith  po tassium  produces e a r ly  e f f e c t s  which a re  

f a i r l y  w e ll su s ta in e d . P o ss ib ly  in  th e  case o f t h i s  com bination, growth 

i s  a t  f i r s t  s tim u la te d  by th e  p o tassium , and i s  l a t e r  su s ta in e d  by th e  

phosphorous.

None o f th e  th re e  tre a tm e n ts -  60NP, 60NK, and 60N- which u l t im a te ly  

were in f e r io r  in  t h e i r  e f f e c t  on stem growth to  a  m a jo r ity  o f  th e  o th e r  

tre a tm en ts  e x h ib ite d  n o tic e a b ly  t h i s  i n f e r i o r i t y  du ring  th e  f i r s t  6 weeks.

Only th e  60PK tre a tm e n t, which was s u p e r io r  to  a l l  b u t one tre a tm e n t a f t e r  

6 weeks was su p e r io r  to  the  afo re-m en tioned  c u l tu r e s .  The t r e e s  in  th e  

potassium  c u ltu re  were s u p e r io r  to  th o se  in  th e  n i tro g e n  and check c u l tu r e s .

I t  i s  no tew orthy  th a t  a t  th e  end o f  th e  experim ent th e  t r e e s  grown in  th e  

n itrogen -phosphorous-po tassium  c u ltu re  were s ig n i f i c a n t ly  s u p e r io r  to  th ose  

grown in  th e  n itro gen -phosphorous and th e  n itro g e n  c u ltu re s  and lacked  1 .3  am. 

out o f a needed 36 .9  (3»9?0 i*1 stem le n g th  o f  be ing  s ig n i f i c a n t ly  su p e r io r

to  th ose  grown in  th e  n itro g e n -p o ta s s iu m  c u l tu re .  (F ig s . 1 and 2 ) .  These 

fa c ts  suggest t h a t  n i tro g e n  as a s in g le  a p p l ic a t io n  o f  60 pounds p e r acre  

cannot be used alone o r in  com bination w ith  po tassium  or phosphorous in  a 

s in g le  a p p lic a t io n  a t  t h i s  r a te  to  in c re a s e  stem  grow th. A c tu a lly  growth 

i s  depressed  by such  tre a tm e n ts .  On th e  o th e r  hand when n itro g e n , phos­

phorous, and po tassium  a re  used in  com bination , growth can be m ain ta in ed , b u t 

n o t in c re a se d .
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Trees in  none o f the  tre a tm e n ts  were s ig n i f ic a n t ly  su p e r io r  to  th o se  

in  th e  check a t  th e  end o f  the  experim ent, a lth o u g h  the  s e e d lin g s  in  b o th  

the  phosphorous-potassium  and th e  phosphorous tre a tm e n ts , which were s ig n i ­

f ic a n t ly  s u p e r io r  a f t e r  18 weeks, were n e a r ly  so a t  th e  end.

Branch Development

Data on branch  development f a l l  in to  two ca teg o rie s*  ( l )  number 

o f t r e e s  t h a t  produce b ranches, and (2 ) number o f  b ranches per t r e e .  Dur­

ing  th e  f i r s t  12-|- weeks, o b se rv a tio n s  were l im ite d  to  th e  f i r s t  ca teg o ry , 

th e r e a f te r  th e  second c la s s  o f  o b se rv a tio n , which can be used as b a s is  fo r  

( l )  a ls o ,  was made.

The d a ta  on number o f branched t r e e s  was exp ressed , f o r  the  

purpose o f th e  a n a ly s is  o f  v a r ia n c e , in  te rm s o f  number o f  branched t r e e s  

per p o t .  The d a ta  were th e n  co n verted , fo r  th e  purpose o f  p re s e n ta t io n , 

in to  percen tage  o f  branched t r e e s .  D iffe re n c es  needed f o r  s ig n if ic a n c e  were 

converted  to  th e  same b a s i s .  ~

The number o f  branched t r e e s  in  each tre a tm e n t a f t e r  d i f f e r e n t  p e rio d s  

o f tim e i s  p re sen te d  in  Table 13* The p ro p o r tio n  o f  branched t r e e s  had a 

range between th e  h ig h e s t and low est o f  35*0 p e rc e n t a t  th e  end o f 8 weeks 

and a range o f 45*0 p e rc en t a t  th e  end o f 19 -̂ w eeks.

The F v a lu e s , p re sen ted  in  Table 14, show th a t  s ig n i f ic a n t  d if f e r e n c e s  

in  number o f  branched t r e e s  a t  v a rio u s  tim es were caused by phosphorous and 

po tassium , by th e  in te r a c t io n  between n itro g e n  and po tassium , and by th e  in ­

te r a c t io n  between n itro g e n , po tassium , and phosphorous. Phosphorous caused 

very  s ig n if ic a n t  d if f e re n c e s  from th e  e ig h th  to  th e  tw e lf th  week. I t s  in ­

flu en ce  was not e v id e n t a t  16J- weeks, b u t had reappeared  a t  19 weeks-when i t  

produced s ig n i f ic a n t  e f f e c t s .  E v id en tly  th e  c h ie f  e f f e c t  o f  phosphorous was 

to  s tim u la te  e a r ly  b ran ch in g . The e f f e c t  o f  potassium  was s im ila r  to  t h a t  o f
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Table 13* --Number o f branched t r e e s  a f t e r  d i f f e r e n t  p e rio d s  
o f tim e , Experim ent I ,  19l+3~l+l+

Time a f t e r  i n i t i a l  tre a tm e n t
8 weeks 10 weeks 12 weeks 16^- weeks l^g- weeks

Treatment Trees branched -  p e rc e n t o f t o t a l

Check 7 .5 10.0 1 2 .5 35.0 35.0

60NP 12.5 12 .5 12 .5 22.5 30.0

6onk 17.5 17 .5 22.5 1+5.0 1+5.0 '

6opk 37 .5 3 7 .5 3 7 .5 50.0 52.5

6on 12.5 12 .5 12.5 2 7 .5 30 .0

6op 27.5 27 .5 1+2.5 75 .0 75 .0

6ok 15.0 15.0 17.5 1+5.0 1+7.5

6onpk 1+2.5 1+7.5 52 .5 65 .0 65 .0

Standard
d e v ia tio n 6 .2 6 .2 7 .0 12 .2 8 .6

D ifference  
between 
trea tm en t 
means to  be 18.3 18.3 20.0 3 5 .6 21+.1
s ig n if ic a n t  
a t  5 end 1 
p e rcen t 2U.9 2L+.9 27.5 1+8 .1+ 32.8
F value 
trea tm en t 1+.17** 1+.87*- 5 . 12++ 2.51* 3 . 1+2*

♦ S ig n if ic a n t a t  1 p e rc e n t .  
♦ ♦ S ig n ific an t a t  5 p e rc e n t .
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Table - -F  v a lues f o r  number o f  branched t r e e s  a t  d i f ­
f e r e n t  tim es  a f t e r  i n i t i a l  tre a tm e n t, E x p eri­
ment I ,  1943-44

Time a f t e r  i n i t i a l tre a tm e n t
t 8 weeks * 10 weeks s 12 weeks i 16gr weeks 1 19jg' weeks

Source F va lues

R ep lica ­
t io n

> i
: * 
: 1.13 *

1
t

1.12 * •55

t
t
1 .03

*
t
* .05

N
t t
t 0 .0  :

2
0 .0  : .26

2

* 1.71 * 2.51

P s 14.52*** 15.91** * 16 . 50** * 3 .0 5 * 6 .61*

K
2 2 

t 8 . 79***
2

9 . 81** * 6.iii+* * 1.71 t 2 .51

NP * .95  * .32  t I .03 * .76 * .97

m * .95  * 2 .0 1  * 6 .44* * 1+.77* 1 5*96*

PK * 2 .4 2  *
2

3 .9 6  * 1.03
2
t .08 * .34

NPK * 1 .59  *
t

2 .01  * 1+.12 * 3 .05 * 5*73*

*F v a lue  o f 4*32 i s  s ig n i f ic a n t  o f  5
**F value  o f  8 .02  i s  s ig n i f ic a n t  o f  1$.

phosphorous, b u t was no t so pronounced. I t  in c re a se d  th e  number o f  

branched t r e e s  ve ry  s ig n i f i c a n t ly  a t  8 and 10 weeks and s ig n i f i c a n t ly  

a t  12 weeks. T h e re a fte r  i t s  e f f e c t  was n o t s ig n i f i c a n t .  The e f f e c t  

o f th e  in te r a c t io n  o f  n i tro g e n  and po tassium  d id  n o t show up s i g n i f i ­

c a n tly  u n t i l  th e  tw e lf th  week. This e f f e c t ,  which was to  in c re a se  th e  

number o f  branched t r e e s ,  was m ain ta ined  to  the  end o f th e  experim en t. 

The in te r a c t io n  o f  n i tro g e n , phosphorous, and po tassium  gave in d ic a t io n s  

o f being  th e  cause o f d if f e re n c e s  in  number o f branched t r e e s  by th e  

tw e lf th  week, b u t was n o t dem onstrated  to  be s ig n i f ic a n t  u n t i l  th e  n in e ­

te e n th  week, when i t  had redttded th e  number o f  branched t r e e s .

Table 15 compares th e  number o f  branched t r e e s  produced by th e  

v a rio u s  tre a tm e n ts  a t  d i f f e r e n t  in te r v a ls  o f  tim e a f t e r  th e  i n i t i a l
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tre a tm e n t. Of s p e c ia l  i n t e r e s t  i s  th e  f a c t  th a t  no tre a tm e n t was a t  

any tim e s ig n i f i c a n t ly  s u p e r io r  to  the  60P and 60NPK tre a tm e n ts  in  

number o f  branched t r e e s ,  and on ly  th e se  two tre a tm e n ts  were s i g n i f i ­

c a n tly  s u p e r io r  to  th e  60PK tre a tm e n t a t  t h e  end o f  th e  experim ent 

(P ig . 1 ) .  The phosphorous-po tassium  and n itro g en -p h o sp h o ro u s- 

potassium  c u ltu re s  showed s ig n i f ic a n t  s u p e r io r i ty  over s e v e ra l t r e a t ­

ments e a r ly .  The form er l o s t  t h i s  advantage l a t e  in  th e  experim ent, 

bu t th e  l a t t e r  d id  n o t .  In  c o n t r a s t ,  th e  phosphorous tre a tm e n t, ex­

cep t fo r  an e a r ly  s ig n i f ic a n t  s u p e r io r i ty  over th e  check, d id  n o t 

produce a  s ig n i f i c a n t  e f f e c t  on number o f  branched t r e e s  u n t i l  th e  

tw e lf th  week, and th e r e a f t e r  h e ld  t h i s  advantage r a th e r  c o n s is te n t ly .

I t  i s  no tew orthy , th a t  on ly  th e  n itro g en -p h o sp h o rn u s and th e  

n itro g e n  tre a tm e n ts  produced a  sm a lle r p ro p o r tio n  o f  branched t r e e s  

th an  th e  check and th e  d if f e r e n c e s  were f a r  too  sm all to  be s i g n i f i ­

c a n t.



Table 15» —Comparison o f number o f t r e e s  branched a t  d i f f e r e n t  tim es a f t e r  i n i t i a l
tre a tm e n t in  Experim ent I ,  19b3~bb

 Time a f t e r  i n i t i a l  tre a tm e n t________________________
8 weeks t 10 weeks i 12 weeks i l6 g  weeks : 19 weeks

Treatm ents s ig n i f i c a n t ly  s u p e r io r  to  tre a tm e n ts  in  column 1
Treatm ent i a t  < a t  1%  t a t  5% a t  1% : a t  * a t  1fo : a t  9 ^ * a t  1% j a t  3$ a t  Vfo

t : :
* * 60P s 60PK e  •  • •

i :
6 op t  t

e•
••

Check s 60P t 60KPK t 60NPK I 60PK * 60NPK 1 6 OP ! 8 60NPK 60P
: : :
: s 60PK : 60PK

! : 
: : 60P : j

3
••

60NP : * 60NPK : 6onpk i 60PK s 60NPK : 60NPK t  6 op <

6onk
i * :
t  60PK i 60NPK : 6opk 60NPK

3 1
t 60P *

S J
6onpk t  t

8
e• 6 op

60PK
i : ! 
: : t

8 % 
8 3

8 t 
8 3

3
e• 60P,601

i j 60PK * 60PK
t t 
: :

8 8
60P s 60P S

3
: 60P

6on : s 60NPK s 6onpk * 60PK i 60NPK i 60NPK t •« 6onpk

6op i : >
3 8 
8 8

8 8 
3 8

3
••

t  * i 8 8
: 60PK *

3 3 
8 8

3
e•

6ok j 60PK s 60NPK * 6opk 60NPK i 6op i 60NPK : * t

60NPK
• * t
: i :

: : 
: t

: t
» e 
•  e

3
•
e
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N um ber o f  b r a n c h e s  p e r  t r e e  i s  p r e s e n t e d  i n  T a b le  16. T h e 60P a n d  

60NPK t r e a t m e n t s  p r o d u c e d  t h e  g r e a t e s t  n u m b er o f  b r a n c h e s  p e r  t r e e  an d  t h e  

60NP an d  60N c u l t u r e s  t h e  s m a l l e s t  n u m b e r . T h e s e  t r e a t m e n t s  h e l d  t h e  sam e  

r e l a t i v e  p o s i t i o n  t h r o u g h o u t  t h e  e x p e r i m e n t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

tw o  l a t t e r  t r e a t m e n t s  a t  t h e  e n d  o f  12-g- w e e k s ,  w h e n  t h e  d i f f e r e n c e  b e ­

t w e e n  t h e  tw o  w a s  i n c o n s e q u e n t i a l .  T h e c h e c k ,  60NK, 60P, 60K, a n d  

60NPK t r e a t m e n t s  p r o d u c e d  m a rk ed  i n c r e a s e s  i n  n u m b er  o f  b r a n c h e s  p e r  

t r e e  b e t w e e n  12^- a n d  l6 |r  w e e k s ,  a f t e r  w h i c h  t h e r e  w a s  l i t t l e  c h a n g e  

i n  n u m b er o f  b r a n c h e s .  T h e 60NP, 60PK, a n d  60N c u l t u r e s  p r o d u c e d  o n ly -  

s m a l l  g r a d u a l  c h a n g e s  i n  n um ber o f  b r a n c h e s  p e r  t r e e .

The F v a lu es  in  Table 17 show th a t  n i tro g e n  was re sp o n s ib le  fo r  

s ig n i f ic a n t  d if f e re n c e s  in  th e  number o f  b ranches per t r e e ;  i t s  e f f e c t  

was to  reduoe the  number o f  b ran ch es . Phosphorous was re s p o n s ib le  fo r  

very  s ig n i f ic a n t  d if f e r e n c e s  in  number o f  b ranches a t  12-g- weeks bu t 

n o t th e r e a f te r ;  i t s  e f f e c t  was t o  in c re a s e  th e  number o f  branches,.

T he i n t e r a c t i o n  b e t w e e n  n i t r o g e n  a n d  p o t a s s i u m  p r o d u c e d  s i g n i f i c a n t  

d i f f e r e n c e s  i n  n u m b er o f  b r a n c h e s  a t  t h e  s t a r t ,  a n d  v e r y  s i g n i f i c a n t  

d i f f e r e n c e s  l a t e r .  T h r o u g h  t h e  e x p e r i m e n t  t h i s  i n t e r a c t i o n  i n c r e a s e d  

b r a n c h i n g .
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Table 16. —Mean number o f  b ranches p e r t r e e  a f t e r  d i f ­
f e r e n t  tim e in te r v a l s ,  Experim ent I ,  19k3~kk

s Time a f t e r  i n i t i a l  tre a tm e n t
: 12 weeks : 16-g- weeks : 19 weeks

Treatm ent : Branches p e r t r e e  -  number
i

Check : 0 .15
: : 
: 1 .2 0  : 1.20

s
60UP * 0.13 : 0.38  : O.55

i
60NK : o .4 o : 1 .15 * 1.17

t
60PK s 0 .63

3 1
: 0.93 * 0 .95

t
60N : 0 .15

3 3
: 0 .30 » 0.33

3
60P t 0 .8 0 : 2 .2 5  : 2 .3 0

3
60K * 0 .23 : I .05  : 1.12

3
60NPK * 0 .8 0 : 1 .60  : 1 .75

3
S tandard  > 
d e v ia tio n  i 0 .18

3 3 
3 3
1 0 .3 2  , 0 .31

D iffe re n c e : 
between : 
tre a tm e n t : 
means to  : 
be s ig n i -  : 
f i c a n t  a t  : 
5 and 1 : 
p e rc en t :

0.53

0.72

: t
: :

: t 
: : 
: 0.9U * 
: : 
: : 
: 1 .28  :

0 .91

1 . 21+

:
F value : 
tre a tm e n t : U .21**

: : 
: : 
* 3*80** * l+.OO**

♦ ♦ S ig n if ic a n t a t  1 p e rc e n t.

W;

II

i|
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Table 1<7• —-F v a lu es  fo r  number o f b ranches per t r e e  a t
v a rio u s  tim e in te r v a l s ,  Experim ent I ,  I 9I43 “44

Time a f t e r  i n i t i a l  tre a tm e n t
12 weeks 2 Wz  weeks 2 19 weeks

Source F v a lu es

W ith in
p o ts

2
2

0 .51+ t

1

0 .49  * 0.62

R ep li­
c a tio n 1 .26  2 0.37 * 0.33

w 0.85  ! 5-13 * 4*42*

p
2

9 . 39** , 2 .2 2  * 3 .30

K 1.72  * 0 .59  * 0 .54

UP 2 .57  * 0 .11  2 0.05

m
I

5 . 22* : lk * 55** * 13,57**

PK
3

0 .00  t 0.88  2 1.Q4

NPK 2.57  * 3 .1 2  2 3 .30

*F value a t  5% i s  4»32.
**F value a t  1% i s  8 .0 2 .
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In  Table 18 th e  com parison o f  tre a tm e n ts  shows th a t  two tre a tm e n ts -  

th e  60FK and 60P- s tan d  ou t as s u p e r io r .  These tre a tm e n ts  were a t  no tim e 

in f e r io r  to  any o f th e  o th e r s .  A lthough th e y  produced s ig n i f i c a n t ly  more 

branches p er t r e e  th an  th e  check, 60NP, 60N, and 60K tre a tm e n ts  a t  th e  end 

of 12-g- weeks, th e  60NPK tre a tm e n t g ra d u a lly  l o s t  i t s  advantage over some 

o f them. At th e  end o f th e  experim ent th e  n itro g en -p h o sp h o ro u s-p o ta ssiu m  

trea tm en t was s ig n i f i c a n t ly  b e t t e r  th a n  the  n itro g en -p h o sp h o ro u s tre a tm e n t 

and very  s ig n i f i c a n t ly  su p e r io r  to  th e  n itro g e n  c u l tu r e .

From th e  s ta n d p o in ts  o f  number o f  branched t r e e s  and number o f  

branches per t r e e ,  th e  n itrogen -phosphorous and n i tro g e n  tre a tm e n ts  gave 

th e  p o o re s t r e s u l t s  and th e  phosphorous and n itro g en -p h o rp h o ro u s-p o ta ss iu m  

trea tm en ts  gave th e  b e s t  r e s u l t s  (F ig . l ) .  The experim en ta l e r r o r  i s  to o  

la rg e  to  a t ta c h  any s ig n if ic a n c e  to  th e  d ep re ss in g  e f f e c t s  o f  th e  60NP and 

6QN tre a tm e n ts , n e v e r th e le s s ,  an a p p l ic a t io n  o f 60 pounds per a c re  o f  N 

and P2O5 o r o f W a lone  can n o t be expected  to  encourage b ran ch in g .

Stem Diam eter

The mean d iam eters  o f  th e  stems o f  t r e e s  from each  tre a tm e n t 

and a comparison o f  th e  d iam eters  i s  p re sen te d  in  Table 19. D iam eters 

range from 2 .85  mm. in  th e  60N tre a tm e n t to  5*68 gun. in  th e  60P t r e a t ­

ment, th e  l a t t e r  be ing  29 p e rc e n t la r g e r  than  th e  fo rm er. Four e u l tu r e s -  

60NK, 60PK, 60P and 60NFK- produced t r e e s  w ith  la r g e r  d iam eters  th a n  th e  

check, and th re e  c u l tu r e s -  60NP, 60N, and 60K- produced t r e e s  w ith  sm alle r 

d iam eters th an  th e  check.



Table 18. --Com parison o f  number o f  b ranches p e r t r e e  a t  d i f f e r ­
e n t in te r v a l s ,  Experim ent I ,

” t tim e  a f t e r  i n i t i a l  tre a tm e n t
12 weeks 1 163 weeks 1 19 weeks

Treatm ents s ig n i f i c a n t ly  su p e r io r  to  trea-fanents in  column 1
Treatm ent a t  %  t a t  \%  s a t  9$ a t  1% t a t  5$ a t  1%

Check
:  j

6op,6onpk* * 60P
t
t 60P

60NP 60P,60NFK* i 60NPK
»

60P 1 60NPK 60P

60NK
3 3 
3 3 60P

t
t 60P

60FK
3 3 
3 3 60P * 60P

6on
3 3

6op,6 onpk* t
3

6op,6 onpk* 60NFK, 60]

6op
3 3 
3 3

3
3

60K
3 3

6op,6onpk* t
3

6op 1 60P

60NPK
3 3 
3 3

3
3

The a n a ly s is  o f v a rian ce  y ie ld e d  F v a lu es  o f  8 . 69 , 17*06, 

and 17*5 f ° r  'bhe e f f e c t  o f n i tro g e n , phosphorous, and in te r a c t io n  be­

tween n itro g e n  ana po tassium , r e s p e c t iv e ly .  S ince an F v a lu e  o f 8 .02  

dem onstrates s ig n i f ic a n t  d if f e r e n c e s  a t  1 p e rc e n t, i t  i s  e v id e n t t h a t  a l l  

o f th e  above e f f e c t s  a re  ve ry  s ig n i f i c a n t .  P otassium  w ith  an F v a lue  o f  

3 .40  came c lo s e s t  o f  any o f th e  rem ain ing  f a c to r s  to  p roducing  s i g n i f i ­

cant e f f e c t s  (F value a t  5 p e rc e n t i s  lj..3 2 ). N itrogen  has a  d ep re ss in g  

e f f e c t ,  phosphorous a  s t im u la tin g  e f f e c t ,  and th e  in t e r a c t io n  betw een 

n itro g en  and po tassium  a s t im u la tin g  e f f e c t  on d iam eter.

The com parison o f  tre a tm e n ts  in  Table 19 em phasizes th e  s u p e r io r i ty  

o f  the phosphorous tre a tm e n t and th e  i n f e r i o r i t y  o f  th e  n i tro g e n  tre a tm e n t 

(F ig s . 1 and 2 ) .  The n itro g en -p h o sp h o ro u s-p o tassiu m  tre a tm e n t was su p e r io r  

to  th e  th re e  p o o re s t t re a tm e n ts -  n itro g en -p h o sp h o ro u s , n i t ro g e n , and p o tassium .
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Table 19* —Mean d iam eter o f  stem and com parison o f  d iam eters  
by tre a tm e n ts , Experim ent I ,  1943-44

Treatm ents s u p e r io r  to  tre a tm e n ts  
i n  column 1

Treatm ent Diameter-mm. a t i a t  !%**■

Check 3.20
t
t 60P

60NP 3.10 6opk,6 onpk
t
: 60P

6onk 3 .,2?
t
t , 6op

6opk 3.39 t 6op

60N 2.85 Check »60NK,60PK,60P,60NPK

6op 3.68
t
t

60K 3.19 60KPK t 6op

60NPK 3*46 t

S tandard
d e v ia t io n 0.08

t
t

P value 
trea tm en t 7.23

t

*A minimum d ifferen ce  o f 0 ,2 7  nan.
* * k  minimum d ifferen ce  o f 0 .37  nan.
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Dry W eight o f Shoot, R oot, and E n t ir e  Tree and 
Root-Shoot R atio

Mean w eight o f  shoo ts o f  t h e  t r e e s  from th e  d i f f e r e n t  c u ltu re s  and 

a com parison o f  shoo t w eigh ts a re  p re sen te d  in  Table 2 0 . The 60N t r e a t ­

ment w ith  a mean sh o o t w eight o f  1.09  g r .  produced th e  l i g h t e s t  sh o o ts  and 

the 60P tre a tm e n t, w ith  a  mean o f 2 .17  gr* produced th e  h e a v ie s t  shoots*

The l a t t e r  weighed n e a r ly  tw ice  as  much as th e  fo rm er. Four tre a tm e n ts -  

60PK, 60P, 60K, and 60NPK- y ie ld e d  sh o o ts  t h a t  were h e a v ie r  and th re e  

tre a tm e n ts -  60NP, 60NK, and 60N- y ie ld e d  sh o o ts  t h a t  were l i g h t e r  th an  

the  cheok. Only th e  shoo ts  from th e  phosphorous-po tassium , and th e  phos­

phorous c u ltu re s  were s ig n i f i c a n t ly  h e av ie r  and only  th o se  from th e  n itro g e n -  

phosphorous and n itro g e n  tre a tm e n ts  were s ig n i f i c a n t ly  l i g h t e r  th a n  th o se  

from the  check.

The a n a ly s is  o f v a ria n ce  o f  t r e e  sh o o ts  produced F v a lu es  o f  i l l  *7,

25 .6 , 6 .39 , and 13*5 n i tro g e n , phosphorous, po tassium  and in te r a c t io n  

between n itro g e n  and po tassium  re sp e c tiv e ly *  T his means t h a t  th e  d i f ­

fe ren ces  in  shoot w eight produced by po tassium  were s ig n i f ic a n t  and th e  

o th e rs  were very  s ig n i f i c a n t .  N itrogen  reduces sh oo t w eigh t, as does po­

tassium , phosphorous in c re a s e s  shoot w eigh t, and th e  in te r a c t io n  o f  n i ­

tro g en  and po tassium  in c re a se s  shoot w e ig h t.

The 60N tre a tm e n t i s  th e  p o o re s t ,  fo llow ed  in  o rd e r by th e  60NP 

and 60NK trea tm en ts*  The 60PK and 6 OP tre a tm e n ts , w ith  no s ig n i f ic a n t  

d iffe re n c e  betw een them, were th e  b e s t .  The 60NPK c u ltu re  was su rp assed  

only  by th e  l a t t e r *

Mean w eight o f  ro o ts  o f  th e  t r e e s  from th e  v a rio u s  c u ltu re s  and 

a comparison o f  ro o t  w eigh ts a re  p re sen te d  in  Table 2 1 . The 60N and 60P 

tre a tm e n ts  hold  th e  same r e la t iv e  p o s i t io n s  in  ro o t  weight* lo w est and 

h ig h e s t , r e s p e c t iv e ly ,  as th e y  do in  shoo t w e ig h t. Roots from th e  l a t t e r
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Table 20. --Mean w eight o f shoot and com parison o f shoot w eigh ts 
by tre a tm e n ts , Experim ent I ,  1945“^

Treatment
W eight o f 
shoot g r .

t  Treatm ents 
1

su p e r io r  to  tre a tm e n ts  
in  column 1

j a t  5% * * a t  ifo**

Check 1.59
j
1 60PK

t
: 60P

6GNP 1.22
t
t Check,6QK : 60PK,60P,60NPK

60NK 1 .1+1 t 60NPK t 6opk,6op

60PK 1.98 1
t

60N 1.09
t
t 60NK 1 Check,60PK,60P,60K,60NP]

60P 2.17
1
t

S

s

60K 1.61 t 60PK > 60P

60NPK 1.78
t
* 60P

t
s

Standard
t

j
t

d e v ia tio n Q.1Q.

P value t
:
«

trea tm en t 13.19

*A minimum d ifferen ce  o f 0 .3 0  gr .
**A minimum d ifferen ce  o f 0 .39  gr .
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weigh more th a n  tw ice  th o se  from th e  fo rm er. The fo u r  tre a tm e n ts  which 

produced h e av ie r  to p s  and th e  th re e  tre a tm e n ts  t h a t  produced l i g h t e r  

tops th an  th e  check lik ew ise  produced h e a v ie r  and l i g h t e r  r o o ts , r e s p e c t iv e ­

ly , th an  th e  check. D iffe re n c es  between v a rio u s  tre a tm e n ts  a re  n o t o f  

th e  same m agnitude, however.

The an& lysis o f  v a rian o e  gave F v a lu es  o f 28.5* 9*0, and 5*5 ?or th e  

e f f e c t  of n i tro g e n , phosphorous, and in te r a c t io n  between n itro g e n  and 

potassium , v a lu es  w hich dem onstrate  v e ry  s ig n i f ic a n t  d if f e r e n c e s  caused 

by th e  f i r s t  two and s ig n i f ic a n t  d if f e r e n c e s  by th e  l a s t .  Potassium *w ith  

an F value  o f i+»27 and in te r a c t io n  o f n itro g e n , phosphorous, and po tassium  

w ith  an F v a lu e  o f  3*8 were n ear enough to  F v a lu es  o f  s ig n if ic a n c e  (4*32 

i s  n ecessa ry ) to  a s c r ib e  to  them an in f lu e n c in g  e f f e c t .

The e f f e c t  o f n itro g e n  i s  to  reduce ro o t  w eigh t, t h a t  o f  phosphorous

to  in c re a se  i t ,  as i s  a lso  th e  e f f e c t  o f  th e  in te r a c t io n  o f n i tro g e n  and

potassium . These e f f e c t s  a re  id e n t ic a l  to  th o se  produced on shoo t w eigh t. 

In  t h e i r  e f f e c t  on ro o t  w eigh t, th e  phosphorous and n itro g e n  c u l tu re s  

s tand  out as th e  b e s t  and p o o re s t , r e s p e c t iv e ly .  The 60PK, 60K, and 

60NPK tre a tm e n ts  a re  s ig n i f ic a n t ly  b e t t e r  th an  th e  po o re r tre a tm e n ts , e s ­

p e c ia l ly  th e  60NP and 60N c u l tu r e s .

Mean w eigh t o f  e n t i r e  t r e e ,  ro o t- sh o o t r a t i o ,  and com parison o f  

t r e e  w eigh ts by tre a tm e n ts  a re  p re se n te d  in  Table 22. The mean w eigh ts

o f th e  e n t i r e  t r e e s  fo llo w  th e  same p a t te rn  in  r e l a t io n  to  tre a tm e n ts

as th e  shoot and ro o t  weigjhts w hich i s  lo g ic a l  in  view  o f  th e  s im i la r i ty  

o f r e la t io n s h ip s  between th e  two l a t t e r  f a c to r s .  The s ig n i f i c a n t  e f f e o t  

o f po tassium , which i s  e v id en t in  shoot w eigh ts  b u t n o t in  ro o t  w e ig h ts , 

i s  e s ta b l is h e d  in  th e  w eight o f  th e  e n t i r e  t r e e .
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Table 21 . —Mean w eight o f ro o t and comparison o f ro o t w eights 
by tre a tm e n ts , Experim ent I ,  19k3~kU

W eight o f
t T reatm ents su p e r io r  to  tre a tm e n ts  
2 in  column 1

Treatm ent r o o t - g r . * a t  594* s a t  17c**

Check 0.83
t
i

2
2 60P

60NP 0.67 s 60NFK 2 6o f k ,6o p ,6o k

60HK 0.75 * 6o p k ,6o k
2
2 60P

60PK O.98
2
2 60P

2
••

60N 0.55
2
t  6o p ,6o k ,6o n p k

2
2 Check,60FK

60P 1.19 2

6o k O.98 : 60P
2
2

6o n p k 0.91
2
s

2
2 60P

Standard
d e v ia tio n 0*07

:
t

2
••

t

F value 
trea tm en t 7 .5 6

«
2
2

2
2

♦A minimum d ifferen ce  o f  o.21 gr.
**A minimum d ifferen ce  o f 0.27 gr.
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The F values fo r  n itro g e n , phosphorous, po tassium , and in te ra c t io n , 

between n itro g e n  and po tassium  w e  37*1 , 18.3* 5 *6 , and 10 . 1, r e s p e c t iv e ly .  

The th re e  l a r g e s t  va lu es  a re  s ig n i f ic a n t  a t  1 p e rc e n t, and th e  s m a lle s t , 

a t  3 p e rc e n t. N itro g en  o r po tassium  reduce t o t a l  t r e e  w e ig h ts , phos­

phorous and in te r a c t io n  o f n i tro g e n  and po tassium  in c re a s e  w e ig h t.

Table 22 . —Mean w eight o f  e n t i r e  t r e e ,  ro o t- s h o o t .  r a t i o ,  
and com parison o f  t r e e  w eigh ts by tre a tm e n ts , 
Experim ent I ,  192+3-2+1+

T r e a t ­
>

W e ig h t  o f  e n -  *
T r e a t m e n ts  s u p e r i o r  t o  

t r e a t m e n t s  i n  c o lu m n  1 R o o t - s h o o t
m e n t t i r e  t r e e  g r .  t a t a t  1%* r a t i o

C h eck
i

2 .2+2 * 60FK 60P 0.52

6QNP

X

1.69 * C h e c k
6opk,6op
6ok ,6gnpk 0.55

6onk 2 .16  i 60NPK 6o fk ,6op 0.53

60PK

60N

t
2.96  * 

»
1.62+ : 6GNK

C h e c k ,60PK 
60P,60K,6QNPK

0.2+9

0.51

60P 3.36 * 0.55

60K 2.59 * 60P 0.61

6GNFK
X

2.69 * 0.51

S t a n d ­
a r d
d e v i a ­
t i o n

>
>
t
1

0.17 t Q .o ft

F v a l u e  
t r e a t ­
m en t

t

10.93 * 0.73

*A minimum d if fe re n c e  o f  0*50 g r .  
minimum d if fe re n c e  o f  0.68  g r .

The 60FK, 60P, and 6QNPK tre a tm e n ts  a re  i n f e r io r  to  none, and 

th e  60PK and 60P c u ltu re s  a re  s ig n i f i c a n t ly  su p e r io r  to  th e  check.

An a n a ly s is  o f v a rian ce  o f  ro o t- sh o o t r a t i o s  re v e a ls  t h a t  no s ig n i ­

f ic a n t  d if f e re n c e s  can be a t t r ib u te d  to  th e  e f f e c t s  o f  n u t r i e n t s .
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Sum m ary o f  R e s u l t s

This experim ent dem onstrates t h a t  response  o f  young s la s h  p ine 

seed lin g s  to  s in g le  6 0 -pound-per-acre  a p p lic a t io n s  o f  N, P2O5 and K2O 

in  N orlo lk  sand, s in g ly  o r in  v a rio u s  com binations, d i f f e r s  w id e ly . Itt 

g en e ra l, n itro g e n  had a  long-tim e d ep ress in g  e f f e c t  end phosphorous 

and po tassium , a  s t im u la tin g  e f f e c t  on th e  tre e s *  However, th e  stim u­

la t in g  e e f f e c t  o f  th e  phosphorous tre a tm e n t cannot be a t t r ib u te d  to  phos­

phorous alone s in ce  th e  source m a te r ia l  t h a t  was used  co n ta in ed  calcium , 

which, may have been th e  cause o f th e  response as much as o r more th a n  th e  

phosphorous. The e a r ly  response  o f th e  s e e d lin g s  in  stem  growth to  

n itro g en  and po tassium  was m islead in g  so f a r  a s  u lt im a te  r e s u l t s  were 

concerned. A lthough th ey  s tim u la te d  growth du rin g  th e  f i r s t  s e v e ra l 

weeks, th e  lon g -tim e  e f f e o t  was d e te r im e n ta l .

The g e n e ra l in e f fe c t iv e n e s s  o f  t h e  seven n i tro g e n , phosphorous, 

and potassium  tre a tm e n ts  i s  i l l u s t r a t e d  by th e  f a c t  t h a t  on ly  one e u l tu r e -  

th e  60P- produced t r e e s  t h a t  were s ig n i f i c a n t ly  s u p e r io r  i n  n e a r ly  a l l  

o h a ra c te r is t io s  to  th o se  produced by th e  check. Only in  stem  le n g th  

were th e  t r e e s  in  th e  60P c u ltu re  n o t s ig n i f i c a n t ly  su p e r io r  to  t r e e s  in  

the  cheok c u l tu re .  The 60PK c u l tu re s  produced t r e e s  t h a t  were s u p e r io r  

in  shoot and t o t a l  w eigh t to  th o se  in  th e  check c u l tu r e .  The 6QNPK 

c u ltu re  produced more branched t r e e s  th an  th e  check.

N itrogen  was most damaging, most o f  th e  t r e e  f e a tu re s  be ing  harmed 

by i t .  Branching and ro o t- sh o o t r a t i o  were n o t a f f e c te d .  When phos­

phorous was used w ith  n itro g e n , some o f  th e  d ep ress in g  e f f e c t  o f  th e  l a t t e r  

was n e u tr a l iz e d .  This was p a r t i c u la r ly  t r u e  o f  stem d iam eter and t o t a l  

w eigh t. Potassium  was even more e f f e c t iv e  in  n e u tr a l iz in g  th e  e f f e c t  o f  

n itro g e n . When i t  was used w ith  th e  l a t t e r ,  a l l  c h a r a c te r i s t i c s  o f  th e
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t r e e s  i n  t h e  c u l t u r e  w e r e  s u p e r i o r  t o  t h o s e  o f  t r e e s  i n  t h e  n i t r o g e n  

c u l t u r e .  W hen p h o s p h o r o u s  a n d  p o t a s s i u m  w e r e  c o m b in e d  w i t h  n i t r o g e n  a  

s t i l l  b e t t e r - b a l a n c e d  t r e e  w a s  p r o d u c e d .

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

d u c e d ,  w h e r e a s  p h o s p h o r o u s  d i d ,  t h e  l a t t e r  b e i n g  p a r t i c u l a r l y  e f f e c t i v e  

i n  i n c r e a s i n g  b r a n c h i n g ,  s t e m  d i a m e t e r ,  a n d  w e i g h t  o f  t r e e .  W hen  

t h e s e  tw o  e l e m e n t s  w e r e  c o m b in e d  i n  a  c u l t u r e  t h e  t r e e s  d i d  n o t  r e s p o n d  

s o  w e l l  a s  i n  t h e  p h o s p h o r o u s  c u l t u r e .  T h e a b s e n c e  o f  c a l c i u m  i n  t h e  

fo r m e r  t r e a t m e n t  m ay h a v e  b e e n  a  c o n t r i b u t i n g  f a c t o r  t o  t h e  l o w e r e d  

q u a l i t y  o f  th e  t r e e s  i n  t h e  p h o s p h o r o u s - p o t a s s i u m  c u l t u r e .

I t  i s  e v i d e n t  f r o m  t h e  a b o v e  t h a t  n i t r o g e n  m u s t  b e  u s e d  s p a r i n g l y  

i n  N o r f o l k  s a n d  w h e n  s l a s h  p i n e  s e e d l i n g s  a r e  y o u n g  i f  t h e i r  u l t i m a t e  

q u a l i t y  i s  n o t  t o  b e  i m p a i r e d .  P h o s p h o r o u s  a n d  p o t a s s i u m  c a n  b e  a p p l i e d  

t o  t h e  s o i l  w i t h o u t  h a m  t o  t h e  s e e d l i n g s  a t  a  r a t e  o f  60  p o u n d s  p e r  

a c r e  o f  PgO^ a n d  KgO w i t h i n  I4. w e e k s  a f t e r  t h e  s e e d l i n g s  h a v e  g e r m i n a t e d .  

H o w e v e r , n o  a p p r e c i a b l e  im p r o v e m e n t  i n  t h e  t r e e s  c a n  b e  e x p e o t e d  fr o m  

a n y  o f  t h e  t r e a t m e n t s  e m p lo y e d  i n  t h i s  e x p e r i m e n t .
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Experim ent I I

The check tre a tm e n t o f  Experim ent I  i s  used in  t h i s  experim ent fo r  

com parative purposes o n ly . The an a ly ses  o f  v a rian ce  th roughou t th e  ex­

perim ent a re  based  on th e  s ix  tre a tm e n ts  d esig n a ted  to  determ ine t h e  

e f f e c t s  on th e  t r e e s  o f  d i f f e r e n t  q u a n t i t ie s  o f n itrogen*  phosphorous, 

and potassium  a p p lie d  a t  once a t  th e  beg inn ing  o f th e  experim ent as 

compared to  th e  same q u a n t i t ie s  d iv id ed  in to  fou r equal a p p l ic a t io n s .  

S o il Treatm ents

The n a tu re  o f  each  s o i l  tre a tm e n t i s  shown in  Table 23*

Table 23* —Type and tim e o f n u t r i e n t  a p p l ic a t io n  in  Experim ent 
I I ,  19l+3-i4j.

* Date o f  n u t r i e n t  a p p lic a t io n
Treatm ent January  * February 17« M&Efik.lfl 2______May 11

tD esigna- P2O5 ifeOt N P2O5 *20* N P2O5 KgOiN PgOij KgO
No. t io n t Pounds p e r acre

1* 60NPK
:
1 60 60

t
60 *

< t

2 120NPK :120 120 1201
e 2

3 180NPK
t
*180 180

t
180*

t 2

4 (1*x )15NPK » 15 15 15* 15 15 15* 15 15 15* 15 15 15
1 t t t

5 (4x)30BPK t 30 30 30 i 30 30 30* 30 30 30 * 30 30 30

6 (4x)45NFK * 4 5 4 5 4 5 * 4 5 4 5  4 5  * 4 5 45 4 5 * 4 5 4 5 4 5

♦Treatm ents 1 to  3 a re  r e f e r r e d  to  a lso  as  s in g le  a p p l ic a t io n  and 
tre a tm e n ts  4  to  6  as  s p l i t - s p p l i c a t i o n  tre a tm e n ts .  T reatm ent 7 o f  
Experim ent I  i s  used fo r  a com parison o f t r e e s  in  Experim ent I I  w ith  
u n tre a te d  (check) t r e e s .
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Table 24* —Mean le n g th  o f  stem 6 , 12, 18, and 19ir weeks 
a f t e r  i n i t i a l  tre a tm e n t, Experim ent I I ,
1943-1(4

} Time a f t e r  i n i t i a l  tre a tm e n t
3 6 weeks 3 12 weeks : 18 deeks t 19^  weeks

Treatm ent i Length o t  stem -  mm.

60NPK * 11.8 t 56.3
3 3
3 150.5  3 203.8

1
120HPK : 9 .3 3 52 .6 3 134*5 * 183.4

t
180NPK : 8 .7 t 54 .5 * 145.5 * 188.5

s
(4 x )15npk t 14.5 3 64*6 3 175.2 3 233.1

(ipc)30NPK t 12.6 t 65 .5
t f
3 165.9  * 211.6

(l*x)U5NPK t li+ .l 3 6 1 .6
t t
3 162.9 3 208.8

S
Check t 9 -4 3 60.7 3 175.7 3 230.1

s
Standard : 
d e v ia tio n  * 0 .9 3 4*4

s t

3 9*8 3 8 .3

D ifference  i 
between * 
trea tm en ts  t  
means to  bet 2 .8

3

3

3 13.5

3 3 
3 3 
3 3 
3 3 
3 2 9 .6  3 27 .1

s ig n i f ic a n t :  
a t  5 and 1 * 
p e rcen t : 3 .9

3

3 18.6

3 3 

3 4 1 .0  * 37 .5

Length o f  Stem

The average le n g th  o f stem o f  th e  t r e e s  in  eaoh tre a tm e n t in  

Experiment I I  a f t e r  d i f f e r e n t  p e rio d s  o f  tim e  i s  shown in  Table 2l+.

I t  i s  obvious t h a t  d if fe re n c e s  in  stem le n g th  between th e  d i f f e r e n t  

trea tm en ts  occu rred  th roughou t th e  p e r io d  o f  measurement o f  th e  t r e e s .

The F values in  Table 25 ta k en  from th e  a n a ly s is  o f  v a r ia n c e  in  Table 92 

(Appendix) show t h a t  th e  s ig n i f ic a n t  d if f e re n c e s  ( a c tu a l ly  very  s ig n i f ic a n t )  

a re  due to  method o f  tre a tm e n t ( s p l i t  a p p lic a t io n  v e rsu s  s in g le  a p p lic a tio n )  

r a th e r  th an  ra te s  o r a  com bination o f  r a te s  and m ethods. S im ila r  a n a ly s is  

o f  varianoe fo r  th e  o th e r  th re e  d a te s ,  th e  F v a lu es  fo r  which appear in
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Table 25, show very  s ig n i f ic a n t  d if f e re n c e s  fo r  methods on two d a te s ,

12 and 19sr weeks a f t e r  th e  i n i t i a l  tre a tm e n t, and a  s ig n i f ic a n t  d i f ­

fe ren ce  a t  18 w eeks. Only a t  19^ weeks was th e  d if fe re n c e  due to  r a te s  

n e a r ly  s ig n i f i c a n t .  At th e  r a te s  a t  which th e  n u t r ie n ts  were used , namely, 

60, 120, and 180 pounds p e r  ac re  o f  N, P2O5, and K^O, s p l i t t i n g  th e  amount 

in to  fou r equal a p p lic a tio n s  R esu lted  in  g re a te r  stem le n g th  th a n  a  s in g le  

a p p lic a tio n .

Table 25» —Summary o f  s t a t i s t i c a l  s ig n if ic a n c e  o f le n g th  o f  
stem  in  Experim ent I I ,  194 3 “4 4

Time a f t e r  i n i t i a l  treatm ent"
6 weeks * 12 weeks * 13 weeks t 19§  weeks

Source t F v a lu es
t

W ithin pots* O.69 * 0 .51  , 0.41
*
* 0 .62

R ep lica tio n * 6.13** t 3»91* * 2 .4 5 * 2 .63

Methods * 30 . 55** * 7 .37*  * 9»7B**
t
t 12.38**

R ates t 3 .21 t 0 .1 0  * 0 .80 * 3 .4 5
t

Methods x t 
r a te s  * 1.63

t *
* 0 .19  , O.15

i

* 2 .7 4

♦ S ig n if ic a n t .
♦♦Very s ig n i f i c a n t .

The e x te n t o f  s ig n i f ic a n t  d if f e re n c e s  between th e  mean stem le n g th s  

o f  the  t r e e s  from any two tre a tm e n ts  i s  shown in  Table 26 , There were 

no s ig n if ic a n t  d if fe re n c e s  between in d iv id u a l tre a tm e n ts  12 weeks a f t e r  

th e  i n i t i a l  tre a tm e n t even though, as shown in  Table 92, s ig n i f ic a n t  

d if fe re n c e s  were caused by th e  method o f  app ly ing  n u t r i e n t s .  Throughout 

th e  experim ent, t r e e s  in  none o f th e  s in g le - a p p l ic a t io n  c u ltu re s  were 

s ig n i f ic a n t ly  s u p e r io r  to  th o se  in  th e  s p l i t - a p p l i c a t io n  c u l tu re s ,  whereas 

seed lin g s  in  one o r  more o f th e  l a t t e r  tre a tm e n ts  were s ig n i f ic a n t ly  

su p e rio r  to  those  in  th e  form er tre a tm e n ts  a t  th e  th re e  o b se rv a tio n  d a te s



-  69 -

shown* Only th e  60NPK and (ljx)15NPK tre a tm e n ts  produced t r e e s  t h a t  were 

te m p o ra rily  s u p e r io r  to  th o se  in  th e  check tre a tm e n t a t  th e  end o f  6 

weeks. T h e re a fte r  th ey  had no advan tage , and a t  th e  end o f th e  ex­

perim en t, t r e e s  in  th e  (l+x)30NPK tre a tm e n t were a c tu a l ly  s ig n i f ic a n t ly  

in f e r io r  to  th e  u n tre a te d  p la n t s .  A lthough th e  t r e e s  from th e  check 

c u ltu re  h e ld  no s ig n i f ic a n t  s u p e r io r i ty  over th e  t r e e s  from th e  s in g le ­

a p p lic a t io n  tre a tm e n t a t  th e  end o f 6 and 12 weeks, th e y  were s ig n i f i c a n t ly  

su p e r io r  in  stem le n g th  a t  th e  end o f  18 and I 9J  w eeks. E v id en tly  

th e  e f f e c t  o f the  s in g le - a p p l ic a t io n  tre a tm e n ts  i s  cum ula tive . This 

i s  e v id e n t in  Table 2k which shows th e  fo llo w in g  re la tio n s h ip s*

(1) mean stem le n g th  o f  t r e e s  in  th e  120NFK and 180NPK tre a tm e n ts  i s  

g re a te r ,  and th a t  in  th e  60NPK tre a tm e n t i s  le s s  th an  th a t  o f  th e  cheok 

tre a tm e n t a t  th e  end o f 6 weeks; (2 ) mean stem  le n g th  o f  t r e e s  in  a l l  

s in g le -a p p l ic a t io n  tre a tm e n ts  i s  le s s  th an  th e  mean stem le n g th  o f  th e  

cheok tre a tm e n t a t  the  end a f  12 w eeks. The afo re-m en tioned  d if fe re n c e s  

a re  n o t s ig n i f ic a n t ,  however. At th e  end o f 18 weeks, th e  d if fe re n c e s  

which were in  ev idence a f t e r  12 weeks, had become s ig n i f i c a n t .  I t  i s  

notew orthy th a t  th e  t r e e s  in  th e  60NPK tre a tm e n t which, a t  th e  end 

o f 6 weeks, were s ig n i f ic a n t ly  s u p e r io r  in  stem le n g th  to  th ose  in  th e  

check tre a tm e n t were l a t e r  s ig n i f i c a n t ly  i n f e r i o r .

A lthough d if fe re n c e s  in  r a t e  o f  a p p l ic a t io n  produced no s ig n i ­

f ic a n t  d if f e re n c e s  in  stem  le n g th , i t  should  be n o ted  in  Table 2U t h a t  

th e  t r e e s  re c e iv in g  th e  sm a lle r r a t e s  (60NPK and (l+x)l5NFK) had lo n g er 

stems th an  th e  t r e e s  re c e iv in g  th e  la r g e r  r a te s  (180NPK and (lpc)45NPK) 

(F ig s . 2 and 3 ) .



Table 26 . — Comparison o f  stem le n g th  a t  d i f f e r e n t  p e rio d s  o f  tim e a f t e r  tre a tm e n t in  
Experim ent I I ,  19̂ +3

Time a f t e r  i n i t i a l  tre a tm e n t
6  weeks 16 weeks * 19^  weeks

Treatm ents su p e r io r  to  
tre a tm e n ts  in  column 1

Treatm ents
tre a tm e n ts

su p e r io r  t o  
i n  column 1

t T reatm ents su p e r io r  to  
s tre a tm e n ts  in  column 1

Treatm ent a t  5% t a t  1% a t  3$ t a t  1% i a t  i a t  1̂

6 CNPK (4 x)15NPK
:
* Cheok

t
t

t t
i (4x ) 15NPK, Check*

120NPK (l+x)30NPK

%
t (i+x)15NPK 
t (Ux)U5NPK

(4 x)15NPK
(ipc)3QNPK

t
t
t Check

t 4
* (lpc)l5NPK *
* (i+x)30NPK * Check

180NFK 60NPK

* (i4x ) l 5NPK 
l (i*x)30NPK 
I (ipc)^5)NPK Check

s
t
:
s

* »
: t (1+x)15NPK 
t j Check

(i+x)l5EPK
I
t

>
t

t s
* t

(ilx)30NPK
t
t

t
t

I 1
t Check t

(Ipc)45NPK
i
t

t
j

t t

Check 6QNPK t  (2*x)15NPK
t
*

t
t t
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Branch Development

Number o f  branched t r e e s  a t  8 , 10, 12, 16^, and 19 weeks fo r  

t r e e s  in  Experim ent I I  and u n tre a te d  t r e e s  i s  p re sen ted  in  Table 27*

The 180NPK and check c u ltu re s  which had produced r e l a t i v e l y  few 

branched t r e e s  a t  8 weeks ranked low est in  t h i s  re s p e c t th roughou t th e  

experim ent. In c re a se  in  number o f  branched t r e e s  was g rad u a l from 

the  e ig h th  to  th e  tw e lf th  week, b u t was marked between 12 and l 6 gr 

weeks.

The F v a lu es  d e riv ed  from th e  a n a ly s is  o f v a rian ce  f o r  branched 

t r e e s  are  p re sen te d  in  Table 28 . S ig n if ic a n t  d if f e re n c e s  a re  caused 

only by method o f a p p lic a t io n  o f  n u t r i e n t s ,  and th e y  occur in  th e  

l a t e  s tag es  o f  th e  experim en t. However, during th e  e a r ly  s ta g e s  d i f ­

fe ren ces  a re  n o t f a r  from s ig n i f ic a n t  w ith  F va lu es  o f  3*32, and

4 .0 0  when 4»5U i s  re q u ire d  a t  5 p e rc e n t. L ikew ise, th e  e f f e c t  o f  r a t e s  

o f a p p lic a t io n  o f  n u t r ie n ts  a t  16^ and 19 weeks w ith  F va lu es  o f  3*10 

and 3 *20 , r e s p e c t iv e ly ,  i s  n o t f a r  s h o r t  o f  b e in g  s ig n i f ic a n t ,  s in ce  

an F value o f 3 .68  would dem onstrate s ig n if ic a n c e  a t  5 p e rc e n t.

Four a p p lic a t io n s  o f  n u t r i e n ts  produced branches on a  s ig n i f ic a n t ­

ly  g re a te r  number o f  t r e e s  th an  d id  one a p p l ic a t io n .

The 180NPK tre a tm e n t had produced no more branched t r e e s  th a n  th e  

check a f t e r  16-g-weeks, and th e re  was n o t a  s ig n i f ic a n t  d if fe re n c e  

between th e  two tre a tm e n ts  a f t e r  19 w eeks. The form er c u l tu re  was s u r­

passed a t  16§? and 19 weeks in  number o f  branched t r e e s  by a l l  o th e r  

c u ltu re s  re c e iv in g  supplem ental n u t r i e n t s .  The (i+x)30NFK c u ltu re  had 

produced s ig n i f ic a n t ly  more branched t r e e s  th an  th e  60NFK tre a tm e n t; th e  

120NPK, (14x ) 15NPK, and (4x)45NPK tre a tm e n ts  s ig n i f ic a n t ly  more th an  th e  

1§0NPK tre a tm e n t; and th e  (i+x)30NPK tre a tm e n t v e ry  s ig n i f ic a n t ly  more
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th an  th e  180NFK tre a tm e n t a f t e r  16§- weeks* At 19 weeks th e  same con­

d i t io n  p rev a iled *

Table 27* —Number o f  branched t r e e s  on d i f f e r e n t  d a te s , 
Experim ent I I ,  1 9 4 3 ^ 4

Time a f t e r  I n i t i a l  tre a tm e n t 
8 weeks » id  weeks 1 l 2 weeks t l 6g  weeks * i9 g~ weeks 

Trees branched -  p e rc e n t o f  t o t a lTreatem ent

60NPK * 32*5 35 .0 35*0 52 .5 55 .0
t

120NPK * 30 .0 32*5 3 5 .0 6 0 .0 65 .0
1

180NPK * 10.0 15*0 22 .5 35*0 37 .5

(4x)15NPK j 27*5 32*5 37*5 6 7 .5 7 0 .0
S

(4x)30NPK 1 45*0 47*5 50 .0 80 .0 82*5

(4x)45NPK * 3 5 .0 35*o 4 o .o 6 5 .0 65 .O
I

Check : 7 .5 10.0 12 .5 35*0 35«o

S tandard  * 
d e v ia t io n  « 7 .0 7 .3 8 .0 8 .0 8 .8

D ifference*  
between * 
tre a tm e n t t 
means to  be 
s i g n i f i -  * 
can t a t  5 * 
and 1 p e r - t  
cen t t

♦ * * 23*9

3 3 .0

26*4

36*5

♦No s ig n i f ic a n t  d iffe ren c es*



-  73 -

Table 28 . ~ F  v a lu es  f o r  number o f  branched t r e e s  a t  d i f ­
f e r e n t  p e rio d s  o f  tim e a f t e r  i n i t i a l  t r e a t ­
m ents, Experim ent I I ,  19k3mmkk

tim e a f t e r  i n i t i a l  tre a tm e n t
s 3 weeks t 10 weeks t 12 weeks *16tjr weeks 119^w eek s

Source F v a lu es

R ep li­
c a tio n

t t 
t i 
i 2 .5 0  * 2 .06

••

t
* 1.17

••

* 2.31*

t
t
* 2 .29

Method t J4..IO : 3 .32 j I4..00 « 11 . 20** * 7.70+

Rate : 2 .25  * 2 .10 1 1.30 * 3 .1 0 1 3 .2 0

Method x 
r a te

1 9
9 S
1 2 .32  * • 1 .29 * 0 .60 t 0 .60

1

* 0 .29

♦ S ig n if ic a n t .  
♦♦Very s ig n i f i c a n t .

The mean number o f  b ranches per t r e e  fo r  each tre a tm e n t in  

Experiment I I  12ig> l 6|r , and 19 weeks a f t e r  th e  i n i t i a l  tre a tm e n t i s  shown 

in  Table 29 .

The summary o f  F v a lu es  p re sen te d  in  Table 30 shows th a t  method o f  

a p p lic a tio n  o f n u t r i e n ts  produced a v e ry  s ig n i f ic a n t  e f f e c t  on th e  number 

o f branches per t r e e  a t  l 6g  and 19 weeks, th e  s p l i t  a p p l ic a t io n  being  

su p e rio r  to  a s in g le  a p p l ic a t io n .

At 16^ weeks th e  s p l i t - a p p l i c a t io n  tre a tm e n ts  a re  s ig n i f ic a n t ly  

su p e rio r to  th e  60NPK tre a tm e n t, th e  (i|x)30NPK tre a tm e n t i s  s ig n i f ic a n t ly  

su p erio r to  th e  12QNPK tre a tm e n t, and th e  120NPK tre a tm e n t i s  s ig n i f ic a n t ly  

su p e rio r  to  th e  180NFK tre a tm e n t. At 19 weeks th e  (l*x)l5NPK and (ljx)l|.5NPK ■ 

trea tm en ts  a re  s ig n i f ic a n t ly  su p e r io r , and th e  (l+x)30NPK tre a tm e n t i s  very  

s ig n i f ic a n t ly  s u p e r io r  to  th e  180NPK tre a tm e n t;  and th e  (ipc)30NPK t r e a t ­

ment i s  su p e r io r  to  th e  60NPK and 120NPK tre a tm e n ts .

At no tim e a re  th e  d if fe re n c e s  between th e  s in g le - a p p l ic a t io n  t r e a t ­

ments and th e  check s ig n i f i c a n t .  The d if fe re n c e  in  number o f  branches



Table 29* --Number o f  b ranches per t r e e  12-§-, l6 |r , and 19
w e e k s  a f t e r  i n i t i a l  t r e a t m e n t ,  E x p e r im e n t  I I ,
1943- 24*

Time a f t e r  i n i t i a l  tre a tm e n t
1 12' |  weeks * 16-g- weeks * 19 weeks

Treatm ent i Branches per t r e e -  number

60NPK * 0.68
*

1.35 1.45
3

120NPK * 0 .60
3
3 1.48

t
t 1.50

*
180NPK * 0.48

3
3 O.58

*
* 0 .75

3
(4x)l5NPK t 0 .80

3
1.98

t
* 2 .03

(4x)30NPK * 1.10
3
3 2 .43 < 2 .5 5

3
(4045NPK i 0.65

3
3 1.95 * 1.95

S
Check i 0.15 * 1.20 t 1.20

3
Standard : 
d e v ia tio n  t 0 .23

*
*
* 0.28

*
s
s 0.31

*
D ifference  t 
between * 
trea tm en t * 
means to  be* 
s ig n if ic a n t*  
a t  5 and 1 * 
p e rcen t *

0 .70

0 .95

*
*
*
*
*
*
*
*

0.85

1.18

*
*
*
*

*
*
*

0.93

1.29

Table 30. —P v a lu es  from a n a ly s is  o f  v a ria n ce  f o r  number 
o f  branches p e r t r e e ,  Experim ent I I ,  1943“4 4

t Time a f t e r  i n i t i a l tre a tm e n t
*1275- weeks *‘1 6 f  weeks s 19 weeks * 3?» * 1fo

Source * f  v a lu es
*

W ithin p o t8*
*

0.63 * 1 .27  t 1.01
t
t

t
*

3
R eplica tion* 0 .3 4  * 3 .0 4  * 2 .97 t 3 .2 9

3
3

3
Methods * 2 .51  * 17.11** : 14.311** * 4 * 5 4 * 8 .68

3
R ates * 1.00  * 2 .5 2  * 2 .2 0 * 3.68

t
t

s
R ate8 x * 
methods *

*
*

0 .3 0  * 0 .6 0  * 0 .62

3
3
* 3 .68

1

t
*

♦ ♦ V e r y  s i g n i f i c a n t .



per t r e e  between th e  (ipc)30NPK and the  check tre a tm e n t i s  very  s ig in i f i c a n t  

throughout th e  experim ent* The o th e r two s p l i t - a p p l i c a t io n  tre a tm e n ts  were 

not f a r  sh o rt o f  producing s ig n i f ic a n t ly  more branches p e r t r e e  th an  th e  

oheok c u ltu re  th ro u g h o u t th e  experim ent*

D ia m e t e r  o f  S te m

Mean d iam eters  o f  th e  t r e e s  a t  t h e  end o f  th e  experim ent fo r  eaoh 

trea tm en t o f  Experim ent I I  and tre a tm e n t com parisons a re  p re sen te d  in  

Table 31. An a n a ly s is  o f  v a ria n ce  dem onstrates a very  s ig n i f ic a n t  e f f e c t  

of method o f n u t r i e n t  a p p l ic a t io n , th e  F v a lu e  being  16 .08 , w h ile  8*68 i s  

needed fo r s ig n if ic a n c e  a t  1 percen t*  The e f f e c t s  o f r a t e s  o f  a p p lic a t io n  

and o f methods and r a t e s  combined were n o t s ig n i f i c a n t .  The s p l i t  a p p l i ­

c a tio n  o f n u t r i e n ts  produced t r e e s  o f  la rg e r  d iam eters  th a n  th e  s in g le  a l -  

p lic a tio n *

The (ipOJ^NPK tre a tm e n t produced t r e e s  w ith  very s ig n i f ic a n t ly  la rg e r  

diam eters th a n  a l l  th e  s in g le - a p p l ic a t io n  tre a tm e n ts , and th e  (i4x ) l 5NPK 

and th e  (l|x)3QNPK tre a tm e n ts  produced t r e e s  w ith  very  s ig n i f i c a n t ly  

la rg e r  d iam eters th a n  th e  60NPK and th e  120NPK tre a tm e n ts  and s ig n i f i c a n t ­

ly  la rg e r  d iam eters  th a n  th e  180NPK and (ijx)15NPK tre a tm e n ts .  The d ia ­

m eters o f th e  t r e e s  in  a l l  s p l i t - a p p l i c a t io n  tre a tm e n ts  and th e  180NPK 

trea tm en t were e i t h e r  s ig n i f ic a n t ly  o r  very  s ig n i f ic a n t ly  la r g e r  th an  th o se  

o f the  oheck tre a tm e n t.
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Table J l .  —Mean d iam eter o f  t r e e s  in  d i f f e r e n t  t r e a t ­
ments and a  comparison o f  d iam eters  by 
tre a tm e n ts , Experim ent I I ,  19l+3-ij4

s
I

Treatm ent t
Diam eter

mm*

1 tre a tm e n ts  s u p e r io r  to  tre a tm e n ts  in  
t column 1 
< a t  %  t a t  1^

i
60HPK * 3 .3 5

!
t

t
*(24x ) 3onpk, (4x)45npk

t
12QNPK * 3-31+

t
: (4x)30NPK, (4x)45NFK

t
180JIPK * 3*44

%
t (4x)3onpk

S
i (4*)45npk

t
(4x)l5NPK * 3*46 i (4* )30npk i (4*)45npk

s
(Jpc)3pNFK * 3 .73

t
I

(I|jc)i+5NPK t 3*83
1
1

f

Check : 3 .3 )
S

i18onpk, (4* ) 15NPK i (4x)30npk,  (4 x)45npk

Standard  t  
d e v ia tio n  i 0.08

t
*
i

s
t
t

1
D ifference  i 
between t  
tre a tm en t t 
means to  be* 
s ig n if ic a n t!  
a t  3 and 1 * 
p e rcen t t

0 .24

0 .33

:
:
*
t
1

t
I

!
t
I
t
i

Dry Weight o f Shoot, R oot, and E n t i r e  T ree, 
and R oot-Shoot R a tio

The mean dry  w eigh ts o f  th e  sh o o t, r o o t ,  and e n t i r e  t r e e ,  and th e  

ro o t-sh o o t r a t i o  o f  each  tre a tm e n t in  Experim ent I I  a re  p re sen te d  in  Table 32

The F v a lu es  d e riv ed  from a n a ly se s  o f  v a r ia n c e  fo r  each  o f  th e  c h a r­

a c t e r i s t i c s  m entioned above a re  p re se n te d  in  Table 33* The method o f  ap­

p ly in g  th e  n u t r i e n t s  produoed s ig n i f ic a n t  d if f e r e n c e s  in  th e  w eight o f  t h e  

shoot and o f th e  e n t i r e  t r e e .  The t r e e s  re c e iv in g  fo u r a p p lic a t io n s  o f  n u t r i  

e n ts  were s ig n i f ic a n t ly  h e a v ie r  th a n  th o se  re c e iv in g  one. R ate o f  app ly­

ing  n u t r ie n ts  produced s ig n i f ic a n t  d if f e re n c e s  i n  th e  w eight o f  th e  r o o ts ,  

th e  l i g h te r  a p p lic a t io n s  produoing t r e e s  w ith  h e a v ie r  ro o ts  th a n  th e
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h e a v ie s t a p p l ic a t io n .  Rate o f  a p p l ic a t io n  produced alm ost s ig n i f ic a n t  

e f f e c t s  on ro o t- sh o o t r a t i o .

The (lpc)30NFK c u ltu re  which produced shoo ts  0 .39  &Rd 0.1+2 g r .  h e av ie r  

than  th e  60NPK and 120NPK tre a tm e n ts , r e s p e c t iv e ly ,  was s ig n i f ic a n t ly  

su p erio r to  th e  l a t t e r  t re a tm e n ts . I t  was v e ry  s ig n i f ic a n t ly  s u p e r io r  

in  shoot w eight and t o t a l  p la n t  w eight to  the  check.

Trees produced by th e  60NPK c u l tu re  had s ig n i f ic a n t ly  h e av ie r  ro o ts  

th an  th ose  produced by. th e  120NPK Bind (ipOi+^NPK tre a tm e n ts , and very  

s ig n i f ic a n t ly  h e av ie r  ro o ts  th a n  th o se  produoed by th e  180NPK tre a tm e n t; 

t r e e s  produoed by th e  (ipc)30NFK tre a tm e n t had v e ry  s ig n i f ic a n t ly  h e av ie r  

ro o ts  th an  th o se  produced by th e  180NPK tre a tm e n t; smd t r e e s  produced by 

th e  (!4x )3QNFK tre a tm e n t had s ig n i f i c a n t ly  h e av ie r  ro o ts  th a n  th o se  p ro ­

duced by th e  (l+x)l+5NPK tre a tm e n t. Only th e  60NPK and (l+x)30NPK t r e a t ­

ments produced t r e e s  w ith  h e av ie r  ro o ts  th an  th e  check c u l tu r e .



-  78 -

T a b le  3 2 .  - - D r y  w e i g h t  o f  s h o o t ,  r o o t ,  a n d  e n t i r e  t r e e ,  a n d  
r o o t - s h o o t  r a t i o  f o r  E x p e r im e n t  I I ,  1 9 4 3 ”it4

S h o o t * R o o t  t ""T o'taT t  R o o t - s h o o t
T r e a tm e n t  t W e ig h t  -  g r . t r a t i o

60NPK * 1.65
j  t
t 1 . 0 4  t 2 .69 * 0.63

120NPK * 1.62
t t
i  0 .83  * 2 .45 t  0.51

130NPK i 1.67 * 0.72  * 2 .39 * 0.43

(ipc)l5NFK * 1.83 * 0 .89  * 2 .7 2 * 0 .49

(ipc)30NPK t 2 .0 4 * 1 .03 * 3.07 t  0.50

(4*)45NPK » 1.95 * 0 .79  * 2 .7 4 t  0.41

C h eck  t 1.59 t 0.83 * 2 .42 1 O.52

S ta n d a r d  t 
d e v i a t i o n  : 0.13 : 0.06  t 0 .19 1 0 .15

D i f f e r e n c e  » 
b e t w e e n  > 
t r e a t m e n t  t 
m ean s t o  b e  t 0.33

j  t 
i t 
i  t  
i  0 . 2 1  * O.58

s i g n i f i c a n t  * 
a t  5 and 1 * 
p e r c e n t  i 0.53

: i

* 0 .29  * 0 .80

T a b le  3 3 *  - * F  v a l u e s  f o r  w e i g h t  o f  s h o o t ,  r o o t ,  e n t i r e  t r e e ,  
a n d  r o o t - s h o o t  r a t i o  f o r  E x p e r im e n t  I I ,  1 9 4 3 - 4 4

F  v a l u e s

S o u r c e S h o o t R o o t  t
E n t i r e

t r e e
R o o t - s h o o t

r a t i o % 1%

W it h in  p o t s 0.35 0 .3 0  s 0.32 0.17

R e p l i c a t i o n 0 .89 4*60e* 0.83 5 .8 3 ^ 3 .29 5 .4 2

M eth od 9 .59* 0 . 67*1 4 .89* 3 .05 4*54 8 .68

Rate 0.28 4*46** 0 .46 3.61 3.68 6 .3 6

M e th o d  x  
r a t e 0.48 2 .55  * 1.18 0.42 3.68 6 .3 6

♦ S i g n i f l e a n t .  
♦ ♦ V e r y  s i g n i f i c a n t .
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Summary n f  R e s u lts

S p l i t - a p p l ic a t io n  tre a tm e n ts , in  which th e  n u t r i e n ts  were a p p lie d  . 

in  fo u r equal amounts, produced b e t t e r  t r e e s  th an  s in g le - a p p l ic a t io n  t r e a t ­

m ents, in  which th e  n u t r i e n ts  were a p p lie d  about fo u r  weeks a f t e r  th e  

seed lin g s  had germ inated (F ig s . 2 and 3)» S in g le -a p p lic a t io n  c u ltu re s  

produced t r e e s  t h a t ,  in  most f e a tu r e s ,  were n o t s ig n i f ic a n t ly  d i f f e r e n t  

from t r e e s  produced by th e  check tre a tm e n t.  Stem le n g th  was a f fe c te d  

adverse ly  to  a g re a te r  e x te n t  th a n  o th e r  c h a r a c te r i s t i c s ,  th e  120NPK 

and 18QNPK tre a tm e n ts  producing  t r e e s  t h a t  had s ig n i f i c a n t ly  s h o r te r  stems 

than  those  produced in  th e  check c u l tu r e .  The 180NPK c u ltu re  d id  p ro ­

duce t r e e s  w ith  s ig n i f ic a n t ly  la rg e r  d iam eters  th a n  th e  check c u l tu r e .  

However, th e  (l+x)30NPK and (ipc)l+5NPK c u ltu re s  produced t r e e s  w ith  v e ry  

s ig n i f ic a n t ly  la rg e r  d iam eters  th a n  th e  check c u l tu re .  T rees from th e  f o r ­

mer tre a tm e n t were s ig n i f ic a n t ly  s u p e r io r  to  th o se  from  th e  check c u ltu re  

in  branching , d iam eter, and w eigh t; and th e y  were th e  equal o f  th o s e  from 

the  l a t t e r  in  stem le n g th  and ro o t-sh o o t r a t i o .

This experim ent dem onstrates t h a t  young s la s h  p ine  see d lin g s  respond 

more fa v o rab ly  to  supplem ents o f  n itro g e n , phosphorous, and po tassium  when 

a g iven  amount o f  th e se  n u t r ie n ts  i s  added to  th e  s o i l  in  fo u r equal in ­

s ta llm e n ts  a t  in t e r v a l s  o f  6 weeks than  when added in  one a p p l ic a t io n  k  

weeks a f t e r  th e  t r e e s  have germ ina ted . T h irty -pound  a p p l ic a t io n s  o f  each 

o f th e  th re e  elem ents gave g re a te r  response th a n  15-  o r 45“P°«b<1 a p p lic a ­

t io n s .

Expa rim en t I I I  

S o il Treatm ent

The c h a ra c te r  o f  each  s o i l  tre a tm e n t i s ,  shown in  Table 3k*



Table 3U» ““Type and tim e o f n u t r i e n t  a p p lic a t io n  in  Experim ent I I I ,  19U3~kU

Time o f  n u t r i e n t  a p p lic a t io n

 Treatm ent
H o.i D esignation

In  advance o f 
p la n tin g  

C o llo id a l 
phosphate

P ea t
moss

January  7
Wood

N P2O5 KgO ashes*

F e b r u a r y  1 7  
Wood

N P g05  KgO a s h e s *

March 30
Wood

N PgOq KgO ashes*

May 11
Wood

N P2O5 KgO ashes*
Tons p e r acre Pounds per acre

15
1 t
t  Check t -

:  *
* -  *-

* * *
*

16
s 1
*20 C. P * 20

1 3
:  -  i -

1 *
j

17
3 i
*20 C.P.*(l+x)l5NK * 20

3 )

* -  s 1 5 - 15 - *15 - 15 - *15 - 15 - 15 - 15 -

18
$ J
*20 C.P.*(lpc)l5N * 20 * -  *15 - - - *15 - - - *15 -  ■ - - 15 - -

19
} 3
*10 P ea t : - * 10*-

20
s s
*10 Peat+(lpc)15NPK* - * 10*15 15 15 - *15 15 15 - *15 15 15 - *5 15 15 -

21 *10 P ea t 20 C .P. * 20 * 10*-
3

22

t  3
*10 P ea t 20 C .P .i  * 
* (i|x )15NK * 20

t *
* 10*15 - 15 -

3

3

115 - 15 -

3
3

*15 - 15 - 15 w 15 -

23 t(hx)  15N30P75K * - * -  *15 30 75 - *15 30 75 -  - *15 30 75 m 15 30 75 -

aU *332 Wood ashes * - * -  *- - ■a kk
3

- - 1*4
*

- - 132 - - -  132

25
s 3

*1320 Wood ashes * -
3 3

- - 132
3
e w - - 132 *- - - 528 - - 1 'K5 a>

♦The wood ashes d e riv ed  from tu rk e y  oak and b lu e  ja c k  oak was analyzed  by th e  S o ils  Department, A g ric u ltu ra l 
Experim ent S ta t io n ,  U n iv e rs ity  o f  F lo r id a .  I t s  com position was CaCOj e q u iv a le n t 77*3 p e rc e n t; P2O5 , 1.I+0S&; 
KgO, 1*61$ ;  li th iu m , caesium , chromium, vanadium, s i l v e r ,  t i n ,  eaeh 4 . 001%; n ic k e l and z in c , each . 003-  
.006 p e rc e n t; z irconium , . 005“ .01$ ; copper, .008- . 03$ ; t i ta n iu m , . 01-  . 0 5 boron, . 03-  .08^; rubidium , 
•03-  .09%} s tro n tiu m , barium , i ro n ,  manganese, and alumnum, each >  . 1$ .
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L ength  o f  Stem

The av erag e  le n g th  o f  stem  o f  t h e  t r e e s  i n  each t r e a tm e n t  o f  

Experim ent I I I  a t  d i f f e r e n t  p e r io d s  o f  tim e  a f t e r  th e  i n i t i a l  t r e a tm e n t  

i s  p re s e n te d  in  T ab le  3 5 *

Table 93 (Appendix) shows how th e  a n a ly s is  o f  v a rian ce  o f stem  le n g th  

was handled fo r  measurements tak en  a t  th e  end o f 6 weeks, and Table 36 g iv es  

th e  F values d e riv ed  from the  an a ly ses  o f  v a riance  c a lc u la te d  a t  th e  end 

of 12, IB, and 19g w eeks. Very s ig n i f ic a n t  d if f e re n c e s  in  stem le n g th  

are a t t r ib u ta b le  to  s o i l  tre a tm e n ts  on each o b se rv a tio n  date* A com parison 

of c u l tu r e s i s  made in  Table 37*

Several f a c ts  w orthy o f n o te  a re  re v e a le d  in  Table 37* During th e  

f i r s t  18 weeks none o f th e  c u ltu re s  produced t r e e s  t h a t  were i n f e r io r  in  

stem le n g th  to  th e  check trea tm en t*  However, a t  the end o f  th e  experim ent, 

th e  t r e e s  in  th e  (i+x)l5N30P75K tre a tm e n t (h ig h  po tash ) were i n f e r io r  to  th e  

u n tre a ted  t r e e s .  I t  should  be n o ted  th a t  a t  th e  end o f  6 weeks, th e  seed­

lin g s  in  th e  form er c u ltu re  were su p e r io r  t o  th e  l a t t e r .  E v id en tly  th e  

(J+x)l5N30P75K tre a tm e n t i s  n o t s a t i s f a c to r y  from th e  s ta n d p o in t o f  su s ta in e d  

growth o f  th e  stem* W hereas, on ly  in  th e  in s ta n c e  j u s t  n o ted , was a  t r e a t ­

ment in f e r io r  to  th e  check, i t  i s  lik e w ise  notew orthy th a t  on ly  a  few t r e a t ­

ments produced t r e e s  w ith  lo n g e r stems th a n  th e  check. Ait th e  end o f  s ix  weeks 

f iv e  tre a tm e n ts -  20C.P.*(4x)l5N K, 20C.P.*(2*x)15N, 10 P e a t, 10 P e a t 20 C .P. 

+(4x )15NK and (ipc) 114JN30P75K- had produoed t r e e s  w ith  lo n g e r stem s th a n  th e  

check (F ig s . 5 and 6 )»  At th e  end o f  th e  experim ent on ly  th e  tre a tm e n ts  

con ta in in g  c o l lo id a l  phosphate p lu s  n i tro g e n  o r  n itro g e n  and po tassium  

were in  t h i s  c a te g o ry . However, th e  t r e e s  in  c u ltu re s  c o n ta in in g  c o l lo id ­

a l  phosphate and o o l lo id a l  phosphate , p e a t ,  n itro g e n  and po tassium  were 

only 2 mm. s h o r t  o f  be ing  s ig n i f ic a n t ly  su p e r io r  to  th o se  in  th e  check. W ith
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T a b le  35* -" M e a n  l e n g t h  o f  s t e m  a t  d i f f e r e n t  p e r i o d s  o f  t im e
a f t e r  i n i t i a l  t r e a t m e n t ,  E x p e r im e n t  I I I ,  1943-44

* Time a f t e r  i n i t i a l  tre a tm e n t
t 6 weeks * 12 weeks * 18 weeks t 19s weeks

Treatm ent * Length o f  stem - mm.
t

Check t 10.1 t 66 .9  * 185.4  * 237.2
t

20 C. P . * 12.2
* t
t 85 .O : 210 .9  * 263.1

20 C. P. + t
(ipc)l5NK * 15.3

* *
t 8 9 .5  * 230.2 * : 282.2

20 C .P.f(i+x)l5N , i 16 .0 * 8 9 .7  * 224.2  * 274.5
s

10 P eat : 16 .4 * 89*6 * 171.8 * 221.7
t

10 P ea t + i 
(i+x)l5NPK : 13.9

t 1
1 t
* 70.3  : 179.5 * 230.3

10 P ea t 20 C. P. i 10 .2 s 82 .9  * 199.7 * 248.1

10 Peat 20 C. P. * 
+(1+x)15NK * 16.9

* : 
* 96.8  * 216.9  * 263 .4

(lpc)l5N30P75K * 14.6 * 67 .8  * 158 .4  1 207.3
t

352 Wood ashes * 8 .8 * 63 .3  * 131.8 * 232.1
t

1320 Wood ashes * 11 .0 * 70 .9  * 192.2  * 246.9
1

Standard t 
d e v ia tio n  t 1 .31

t s
t t
» 5*74 * 9 .6  * 10.1

t
D ifference  b e - 1 
rween tre a tm e n t * 
meansto be s ig n i-* 3-8

* * 
* * 
* *
* 16 .6  * 2 7 .6  * 29 .2

f io a n t  a t  5 and * 
1 p e rcen t : 5 .1

* * 
* 22 .3  * 37 .3  * 39.3

<
P value trea tm en t* 4.35**

* * 
* 4 .1 3 #* * 5.80#** 5»11**

♦ ♦ S i g n i f i c a n t  a t  1 p e r c e n t
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Table 36 . —F v a lu es  from a n a ly s is  o f  v a ria n ce  o f stem 
le n g th  12, 18, and 19§  weeks a f t e r  i n i t i a l  
tre a tm e n t, Experim ent I I I ,  1943-44

Source

tim e a f t e r  i n i t i a l  tre a tm e n t
6 weeks i 12 weeks t 18 weeks t 19#  weeks

P v a lu es

W ithin j a r s 0 .38
»
* 0 .26

t
s 0 .68

t
* 0 .39

R ep lica tio n 1.53 t 2 .25 * 2 .33 ! 2 .12

Treatment 35** t 4*13** t $ .30** * 5.11**

♦♦Very s ig n i f ic a n t .
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the  ex cep tio n  o f th e  10 Peat+(ijx)15NPK and (2pc)15N30P75K tre a tm e n ts , which 

had an advantage over th e  check only  a t  th e  end o f 6 weeks, th e  c u ltu re s  

which produced t r e e s  s u p e r io r  in  stem le n g th  to  the  check tre a tm e n t con­

ta in e d  c o l lo id a l  phosphate* A lthough a t  th e  end o f 6 weeks, the  o u ltu re  

con tain ing  c o l lo id a l  phosphate a lone was i n f e r i o r  to  th e  c u ltu re  c o n ta in in g  

c o llo id a l  phosphate p lu s  n itro g e n  and th e  tre a tm e n t c o n ta in in g  c o l lo id d  

phosphate, p e a t moss, n itro g e n , and po tassium , t h i s  i n f e r i o r i t y  was o f  

sh o rt d u ra tio n  s in ce  a t  a l l  l a t e r  d a te s  no tre a tm e n ts  were su p e r io r  

to  i t .  A lthough th e re  a re  sm all d if f e re n c e s  in  th e  stem le n g th s  o f  th e  

t r e e s  in  th e  th re e  c o l lo id a l  phosphate c u l tu re s ,  th e  d if fe re n c e s  a re  

not s ig n i f ic a n t .  In  o th e r  words, c o l lo id a l  phosphate a lone was about 

as e f f e c t iv e  in  s tim u la tin g  stem growth as #hen i t  was supplem ented by 

n itro g en  o r n itro g e n  and po tassium . The a d d it io n  o f  p ea t moss to  c o l­

lo id a l  phosphate w ith  o r w ith o u t n itro g e n  and p o ta sh  d id  n o t in c re a se  

the  e f fe c t iv e n e s s  o f  th e  c o l lo id a l  phosphate .

P ea t moss alone d id  no t a f f e c t  stem grow th, and p e a t moss p lu s  

h itro g en , phosphorous, and po tassium  in flu en c ed  growth on ly  tem p o ra ri­

ly  as shown by th e  s u p e r io r i ty  o f  th e  10 Peat'f(i|x)l5NPK tre a tm e n t over 

the  check tre a tm e n t a t  th e  end o f  6 weeks.

Wood ashes d id  n o t s t im u la te  stem grow th. As shown in  Table 37* 

th ese  tre a tm e n ts  were a t  no tim e su p e r io r  to  th e  check.

Branch Development

The number o f  branohed t r e e s  i s  exp ressed  as a pe rcen tag e  o f  t o t a l  

t r e e s  in  Table 33* The a n a ly s is  o f  v a rian ce  was computed on th e  b a s is  of 

numbers o f  branched t r e e s  p e r p o t .  S o il  tre a tm e n t produced very  s i g n i f i ­

can t d if fe re n c e s  in  th e  number o f  branched t r e e s  between th e  e ig h th  and 

tw e lf th  week.



Table 37 . —Comparison o f  stem le n g th , 6 , 12, 18, and 19J- weeks a f t e r  i n i t i a l  
tre a tm e n t

Time a f t e r  i r i i t i a l  tre a tm e n t 
12 weeks

Treatm ent
6 weeks’" I id  weeies  i 18 weeks ~ * 19ia weekiT

Treatm ents s u p e r io r  to  tre a tm e n ts  in  column T~
rfo. D esignation a t a t  lfc * a t  9$ t a t * a t  $$ a t  1% * a t  % a t  1%

15 Cheek 20,23 17,18 ,22 *16 *17,18,22 *22 17,18 *18 17

16 20 C. P. 18,22

17
20 C. P. + 
(i*x)15NK

18
20 C. P . + 
(W 1 5 N

19 10 P ea t 17.23 18,22 *16,17,18 *22 *21 16 ,17 ,18 ,22 16 ,17 ,18 ,22

20
10 P e a t + 
(i*x)15NPK *17,18 *22 *16 17 ,18 ,22 *16,22 17,18

21 10 P ea t 20 C.P 23 17,18 ,22 *17 *17

22
10 P ea t 20 C.P 
f(]+x)l5HK

23 (l4x)15N30P75K *16,17,18 *22 **25 1 6 ,1 7 ,1 3 ,2 1 ,2 2 * 1 5 ,2 | 16 ,17 ,13 .21 ,22

2k 332 Wood ashes 17 ,13 ,22 ,23 *16,21 *17,18,22 *16,22 17,18 *16,22 17,18

25
1320 Wood 
ashes 17,18 22 *17,18 *22 *18 17 *17
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Table 3 8 . --Number o f  t r e e s  branched a f t e r  d i f f e r e n t  p e rio d s  
o f tim e , Experim ent I I I ,  1 9 4 3 - 4 4

Time a f t e r i n i t i a l  tre a tm e n t
$ weeks j 10 weeks * 12 weeks t 16^- weeks 19^  weeks

Treatm ent t Trees branched -  p e rc en t o f t o t a l

Check * 5 .0
t

15.0  j 17 .5  * 142.5 4 2 .5

20 C. P . : 12.5 3 0 .0  t 4 2 .5  * 57.5 57.5

20 C. P . f i
(i+x)l5NK * 50 .0 50 .0  *

t
6 0 .0  t 77 .5 7 7 .5

20 C. P . +»
(4*)N * 62 .5

i
62 .5  i

1

6 2 .5  * 67 .5 67 .5

10 P ea t * 12.5 20 .0  1 2 5 .0  * 70 .0 7 0 .0

10 Pea t * * 
(ilx)l5NPK * 52.5

s
t

52.5  *

1
S

62 .5  * 8 0 .0 80 .0

10 P ea t 4
20 C. P. i 32 .5 3 5 .0  1

*
4 2 .5  * 55 .0 55.0

10 Pea t i 
20 C. P. 
(2+x) 15NK i 55.0

t
:

55*0 *

*
t

6 0 .0  t 75 .0 7 5 .0

(i+x)l5N *
30P75* * 4 5 ‘0

s
t

45»o t

t

4 7 .5  * 75 .0 7 5 .0

352 Wood t 
ashes * 5 .0

*
10 .0  1

:
2 2 .5  * 67*5 67-5

1320 Wood * 
ashes t 2 .5

t
5-o *

t
1

17.5 * 55 >o ' 55-0

Standard  i 
d e v ia tio n  s 3 .o

1
t

3 .0  * 2 .9  ! . 3 .5
t

3 .5

D iffe re n c e i 
between i 
tre a tm en t : 
means to  t 
be s ig n i-  t 
f ic a n t  a t  t 
5 and 1 t 
p e rcen t t

27 .6

37.1

t
1
t

2 7 .6  *
1
*

37 .1  *

1
J

2 6 .3  1 
1
t

3 5 .5  »

P value * 
tre a tm e n t t 5.53**

-------------------»—

4.35***

---------------- r
t

4.49*** 1.12 1.12

♦ ♦ S i g n i f i c a n t  a t  1 p e r c e n t .



Table 39* —Comparison o f number o f  branched t r e e s  a t  v a rio u s  p e rio d s  o f  tim e a f t e r  i n i t i a l  
tre a tm e n t. Experim ent I I I*  19U3“bU

tim e a f t e r  i n i t i a l  tre a tm en t
8 weeks * 10 weeks * 12 weeks

Treatm ent Treatm ents su p e r io r  to  tre a tm e n ts  in  column 1
So. } D esigna tion * a t  % t a t  Y/o 1 a t  % . a t  1%  * a t  5$ * a t  1%

15
t
tCheck * 21

*
* 1 7 ,1 8 ,2 0 ,2 2 ,2 3 t 17,23 18 ,20 ,22  * 23

*
*17,18,20,22

16
1
*20 C. P . * 23 * 17 ,18 ,20 ,22 * 13

t *
t

17
J
*20 C.P.t(l*x)l5NK

1
s

1
:

*
*

18
S
*20 C.P.t(lpc)15N s

*
*

19
t
*10 P ea t * 23 * 18 ,20 ,22 * 17 18 ,20 ,22  * *17,18,20,22

20
s
*10 Peat+(i^c)15NFK

s
:

i t
i

*
*

21
1
*10 P ea t 10 C. P . * 13

t
t * 18

$ *
*

22
*
*10 P eat 20 C. P . + 
*(1+x)15NK

t

1

f
*
t

*
t

t
1
*

23 *(l+x)15N30P75K
1
t

*
s

*
1

21* *352 Wood ashes * 21 , 1 7 ,1 8 ,2 0 ,2 2 ,2 3 1 1 7 ,1 8 ,2 0 ,2 1 ,2 2 ,2 3  * *17,18,20,22

25
1
*1320 Wood ashes * 21 * 1 7 ,1 8 ,2 0 ,2 2 ,2 3

*
* 1 7 ,1 8 ,1 9 ,2 0 ,2 1 ,2 2 ,2 3  * *17,18 ,20 ,22 ,23
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The f a c t  t h a t  no s ig n i f ic a n t  d if fe re n c e  i n  th e  number o f  branched 

t r e e s  e x is te d  a f t e r  12 weeks dem onstrates th a t  th e  c h ie f  e f f e c t  o f  the  

tre a tm en ts  t h a t  a f fe c te d  branch ing  was to  encourage e a r ly  b ran ch in g .

I t  should  be n o ted  t h a t ,  in  th e  c u ltu re  c o n ta in in g  c o l lo id a l  phosphate 

and n itro g e n , no more t r e e s  were branched a t  th e  end o f  tw elve weeks 

than  a t  th e  end o f  e ig h t  weeks; and a t  th e  end o f  19^  weeks, th e  number 

was on ly  s l i g h t ly  g re a te r  th a n  a t  8 w eeks. A s im ila r  t r e n d  i s  e v id e n t 

in  th e  20 C. P . +(i*x)l5NK, 10 P ea t *(i+x)15NPK, 10 P ea t 20 C. P . +(ipc)l5NK, 

and (4x)15N30P75K c u ltu re s  a l l  o f  which caused e x te n s iv e  e a r ly  b ran ch in g . 

In  th e  check, p e a t ,  and wood ashes tre a tm e n ts  where b ranches were p a r t i ­

c u la r ly  slow to  develop , a  marked in c re a se  in  number o f  b ranched  t r e e s  

occurred between 12 weeks and 16^ w eeks.

Table 39 shows between which tre a tm e n ts  s ig n i f i c a n t  d if f e r e n c e s  

in  number o f  branched t r e e s  o ccu rred  a t  8 , 10, and 12 weeks a f t e r  th e  

i n i t i a l  tre a tm e n t. The p a tte rn  o f  d if f e re n c e s  i s  s im ila r  to  t h a t  which 

was found in  stem le n g th  up to  12 weeks a f t e r  th e  i n i t i a l  tr e a tm e n t.  

T h e re a fte r , however, th e re  i s  no s im i la r i ty .  In  g e n e ra l, d if f e re n c e s  

in  stem le n g th  which were e x h ib ite d  in  th e  e a r ly  p a r t  o f  th e  experim ent 

s t i l l  e x is te d  when th e  t r e e s  w ere h a rv e s te d . This was n o t so w ith  re s p e c t 

to  b ran ch in g . A lthough no tre a tm e n ts  were i n f e r i o r  to  th e  check in  th e  

number o f  branched t r e e s ,  on ly  f iv e  tre a tm e n ts -  20 C. P . +(1;jc)15NK,

20 C. P . *(ipc)15N, 10 P ea t +(i+x)15NPK, 10 P ea t 20 C. P . +(i;x)l5NK and 

(i*x)l5N30P75K- were s ig n i f ic a n t ly  su p e r io r  to  th e  check from th e  e ig h th  

to  th e  tw e lf th  week, and one tre a tm e n t-  10 P ea t 20 C. P . -  was s u p e r io r  

only a t  the  end o f  8 w eeks. The th re e  c o l lo id a l  phosphate tre a tm e n ts  

which con ta ined  a lso  n itro g e n  o r n itro g e n  and po tassium  ag ain  s tan d  

ou t; b u t two tre a tm e n ts -  10 P ea t +(ipc)15NPK and (i+x)l5N30P75K- which
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did  n o t in c re a se  stem grow th, d id  s t im u la te  b ranch  development (F ig . 5 )•

I t  should be n o ted  th a t  th e  c u ltu re  in  which p e a t was supplem ented by 

re a d ily  a v a i la b le  n i tro g e n , phosphorous, and po tassium  encouraged e a r ly  

branching , w hereas th e  c u l tu re  to  w hich only  p e a t was added d id  n o t .

From t h i s ,  i t  appears as though th e  r e a d i ly  a v a i la b le  n u t r i e n t s  r a th e r  

than  th e  p e a t moss were re sp o n s ib le  fo r  th e  in c re a se  in  e a r ly  b ran ch in g . 

The (ipc)15N30P75K c u ltu re  ( r a th e r  heavy a p p lic a t io n s  o f  KgO and 

d id  not produce s ig n i f ic a n t ly  more branched t r e e s  th a n  th e  c o l lo id a l  

phosphate tre a tm e n ts  to  which sm a lle r  amounts o f  r e a d i ly  a v a ila b le  n i t r o ­

gen o r n itro g e n  and po tassium  had been added.

The wood-ash tre a tm e n ts  d id  n o t a f f e c t  b ranch ing  s ig n i f i c a n t ly .  

Although s ig n i f ic a n t  d if f e re n c e s  in  number o f  branched t r e e s  do n o t 

e x is t  between th e  check and any o f  th e  o th e r  tre a tm e n ts  a t  th e  end o f 

the  experim ent, Table 33 shows th a t  a l l  tre a tm e n ts  exceeded th e  check in  

number o f branched t r e e s  a t  t h a t  tim e .

Number o f  b ranches p er t r e e ,  reco rded  fo r  t h e  f i r s t  tim e a t  th e  end 

of 13 weeks, i s  shown fo r  t h i s  and l a t e r  d a tes  in  Table 2j.O. A lthough 

co n sid erab le  d if fe re n c e s  in  th e  number o f  b ranches p e r t r e e  i s  e v id e n t,
t

the  an a ly ses  o f  v a ria n ce  re v e a l t h a t  only  a t  th e  t h i r t e e n th  week a re  th e se  

d if fe re n c e s  s ig n i f i c a n t .  L a te r  th e  s tan d a rd  e r r o r  o f  th e  mean i s  so la rg e  

(O.24.5 in  each  case ) t h a t  wide d if f e r e n c e s -  la r g e r  th a n  th o se  e x i s t in g -  a re  

n ecessary  t o  dem onstrate  s ig n i f ic a n t  d if f e re n c e s  in  th e  means. In  t h i s  

connection i t  should  be n o ted  th a t  number o f  branched t r e e s  showed no s ig ­

n i f ic a n t  d if f e re n c e s  between tre a tm e n ts  on th e  d a te s  o f th e  l a s t  two ob­

se rv a tio n s .

A comparison o f each trea tm en t w ith  every o th e r  tre a tm e n t in  the  

number o f  b ranches p e r t r e e  i s  p re sen te d  in  Table 24.1 . A com parison o f  th e
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d a ta  in  t h i s  ta b le  w ith  th o se  in  Table 39 re v e a ls  on ly  minor d if fe re n c e s  

between th e  two. A m a jo r ity  o f  th e  d if f e r e n c e s  in  number o f  b ranches per 

t r e e  a re  a t  th e  5 p e rc en t le v e l ,  w hereas a l l  b u t one o f th e  d if fe re n c e s  

in  number o f  branched t r e e s  a re  a t  th e  1 p e rc e n t l e v e l .  The (l+x)15N30P75K 

c u ltu re  which had produced s ig n i f i c a n t ly  more t r e e s  w ith  b ranches th an  

the  check and 1320 wood ashes tre a tm e n ts  a t  th e  end o f 12 weeks d id  n o t 

y ie ld  t r e e s  w ith  more b ranches p e r t r e e  a t  th e  end o f 13 w eeks. The 

10 P eat tre a tm e n t, w hich was i n f e r i o r  to  s e v e ra l tre a tm e n ts  in  number o f 

branched t r e e s  a f t e r  tw elve weeks was i n f e r i o r  only  to  th e  10 P ea t 

20 C. P . +(ipc)l5NK tre a tm e n t in  number o f  b ranches p e r t r e e  a f t e r  13 

weeks.

The 20 C. P . +(lpc)l5NK, 10 P ea t +(l+x)l5NPK, and (ipc)l5N30P75K 

c u ltu re s  produced the  g r e a te s t  number o f  b ranches per t r e e .  The number 

was n o tic e a b ly  g re a te r  th a n  t h a t  o f th e  check, b u t th e  d if fe re n c e s  were 

no t s ig n i f ic a n t .

Stem d iam eters o f  th e  t r e e s  in  each tre a tm e n t and a com parison 

between tre a tm e n ts  a re  p re sen te d  i n  Table L\2» The d e f in i te  s u p e r io r i ty  

of th e  20 C. P . f(l+ x)l5M , 20 C. P . +(i+x)l5N, 10 P ea t + (2j.x ) 1 5 N K ,  and 

10 P eat 20 C. P . +(ij.x)15NK tre a tm e n ts  i s  q u ick ly  e v id e n t from an ex­

am ination o f  Table Ij2. No tre a tm e n ts  a re  su p e r io r  to  them, and s e v e ra l ,  

in c lu d in g  th e  check, a re  i n f e r i o r .  Three o f th e  fo u r tre a tm e n ts  t h a t  

produced c o n s is te n t ly  la r g e r  d iam eters  th an  s e v e ra l o f  th e  tre a tm e n ts  

contained  c o l lo id a l  phosphate .
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Table I4.O. —Mean number o f  branches per tr e e  13, 16^,
and 19 weeks a fte r  i n i t i a l  treatm ent,
Experiment I I I ,  1943“4U

t Time a f t e r i n i t i a l  tre a tm e n t
13 weeks s 1&|- weeks t 19 weeks

Treatment t Branches p e r t r e e  -  number
t

Check t 0 .23  1 1.13 * 1.17

20 C. P. *
s

1.15  :
X

1.58  1 1.83
s

20 C.P.+(2+x )15NK : 1 .70  *
X

2 .23  * 2 .27

20 C.P.+(i*x)l5N 1 1 .38  * 1 .90  1 2 .02

10 Peat i 0.63  * 2 .03  1 2 .0 5

10 Peat+(i|x)l5NPK * 1 .4 5  * 2 .93  * 2 .93

10 Peat 20 C. P . * 1 .15  * 1 .30  1 1.70
s

10 Pea t 20 C .P.+ 1 
(4x) 15NK I

s
X

1 .52  *

X
X

2 .15  * 2 .15
x

(1+x)15N30P75k * 0.98  * 2 .5 0  * 2 .55

352 Wood ashes t 0.38  * 2 .03  1 2 .05
X

1320 Wood ashes t 0 .38  I
X

1 .58  I 1.70
X

Standard 1 
d ev ia tio n  t

X
X

0 .30  • 1

X
X

0 .4 5  t 0.45
X

D ifference b e - t 
tween tre a tm e n t t 
means to  be s ig -  1 
n i f i c a n t  a t  3 and t 
1 pe rcen t s

1
1
*

0 .88  t 

1 .18 t

t

t

t

:
F value tre a tm e n t t

i
2 *90* t

t
1.07  * 1.06

♦ S ign ifican t a t 5 p ercent.
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Table 41 • — Comparison o f  number o f  branches per tree
13 weeks a f te r  i n i t i a l  treatm ent,
Experiment I I I ,  1943*44

Treatm ent:
* T reatm ents s u p e r io r  to  t r e a t -
* m ents in  column 1

No. i D esig n a tio n * a t  * a t  1%

15 * Cheek
* *
* 16,18,21 * 1 7 , 2 0 , 2 2

1 6 *20 C. P.
i 1 
!  t

17
t
*20 C. P . *
*(4x)15nk

i 1 
S 1

18 * 2 0  c . P . +(4*)15N

19
*
: 10 P eat * 1 7 , 2 2  *

20 *10 P ea t +

,(4x)15NFK

t t

t 1

21 *10 P ea t 20 C. P.

22
*
*10 P ea t 20 C. P . 
*(4x)l5NK

2 t 
* *

23 *(4x)15N30F75K * *

24
s
*352 Wood ashes * 18,20,22 * 17

25
*
*1320 Wood ashes * 18,20,22 * 17
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Table 42* —Mean diameter o f  stem and comparison o f  stem
diam eters 19l | weeks a fte r  i n i t i a l  treatm ent.
Experiment I I I ,  1943*44

Treatm ent.
Treatm ents su p e r io r  to  
tre a tm e n ts  in  column 1

No* t D esig n a tio n  t D iam eter -  mm. a t  t a t  1%

15 jCheck t 3-46 1 7 ,1 8 ,2 0 ,2 2
2 * 

16 :20 C. P . * 3.68 18 t 17,22
1 2 

17 *20C.P.+(J+x) s 
il5NK t J+.14

t
1
t

18 j20C .P .+(4*) t 
tl5N  : 3 .95

t
:

t 2
19 *10 P eat * 3 .48

s
: 1 7 ,1 8 ,2 0 ,2 2

20 *10 P ea t f  * 
r:(lpc)15NPK : 3 .9 0

s
t
i

21 *10 P eat 20C.P.: 3-71
s
: 17,22

22 *10 Pea t 20C.B* 
t f (Ux)15NK * 4 .1 1

>
*
s

23 *(l|x) 15N30P75K: 3*39 16,21 t 1 7 ,18 ,20 ,22
1 2

2k *352 Wood * 
«ashes * 3*4+

2

21 1 17 ,1 8 ,2 0 ,2 2
i 2

25 *1320 Wood 1 
sashes t 3.48

t
t
t 17 ,18 ,20 ,22

s t 
S tandard : 
d e v ia tio n  j 0 .09

1
t
t

2
D ifference  be* : 
tween tre a tm e n t t 
means to  be s ig -  s 
n i f i c a n t  a t  5 and * 
1 p e rcen t s

0.27

0 .36

t
t

t
t
t

i
P value tre a tm e n t *

*

9 . 26**
t
*

♦ ♦ S ig n ific an t a t  1 p e ro e n t.
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Dry W eight o f  Shoot, R oot, E n t ire  T ree , and 
Root-Shoot R atio

The mean w eight o f th e  shoot and a com parison o f  th e  w eigh ts 

by tre a tm e n ts  a re  p re sen te d  in  Table i+3• Mean w eigh ts  range from 1.62 

to  2*82+ g r . ,  which means t h a t  th e  average w eigh t o f  th e  h e a v ie s t  t r e e s  

was more th an  75 p e rc en t g r e a te r  than  th e  average w eigh t o f t h e  l i g h t e s t  

tre e s*  This i s  a g re a te r  d if f e re n c e  th a n  i s  found in  h e ig h t and d iam eter, 

in  which the  s u p e r io r i ty  o f  th e  b e s t  over th e  p o o re s t was 36 and 22 

percen t r e s p e c t iv e ly .  On th e  o th e r  hand, th e  s u p e r io r i ty  in  e a r ly  b ranch­

ing o f th e  b e s t  over th e  p o o re s t tre a tm e n t was 2500 p e rc e n t. T h is , t o ­

ge ther w ith  th e  n o tic e a b ly  g re a te r  d e n s ity  o f  n e ed le s  in  th e  su p e r io r  

t r e e s  (seei P ig . 5 ) . accoun ts  fo r  th e  marked d if fe re n c e  in  w e ig h t be­

tween th e  h e a v ie s t  and l i g h t e s t  t r e e s .  T rees t h a t  b ran ch  e a r ly  have th e  

o p p o rtu n ity  to  develop lo n g e r and h e a v ie r  b ranches p r io r  to  th e  tim e  o f 

h a rv e s t . This undoubtedly  c o n tr ib u te s  c o n s id e ra b le  to  th e  w eigh t o f  

these  t r e e s .

No tre a tm e n ts  produced t r e e s  s ig n i f i c a n t ly  l i g h t e r  in  w eigh t 

than  th e  check; and th re e  tre a tm e n ts -  20 C. P . *(l+x)15NK, 20 C. P . 

t( i4Jc)15N, and 10 P ea t 20 C. P . +(l+x)15NK- a l l  o f  which co n ta in ed  c o l­

lo id a l  phosphate , produoed t r e e s  v e ry  s ig n i f i c a n t ly  h e a v ie r  th a n  th e  

check. I t  i s  notew orthy th a t  th e  t r e e s  from  th re e  o th e r  tre a tm e n ts -  

20 C. P.,. 10 P ea t +(ipc)15NPK, and 10 P ea t 20 C. P . -  w ith  mean w eigh ts  

0.2+7, 0«50, and O.I4.O g r .  g re a te r  th a n  th e  t r e e s  from th e  cheok were 

very n e a r ly  s ig n i f ic a n t ly  h e a v ie r  th an  th e  l a t t e r .  Two o f th e se  con­

ta in e d  o o l lo id a l  phosphate .

When n itro g e n  and po tassium  to g e th e r  w ith  c o l lo id a l  phosphate 

were added, th e  t r e e s  were s ig n i f i c a n t ly  h e a v ie r  th an  when on ly  c o l lo id a l
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Table k5 • “"Mean dry  w eigh t o f  shoo t and com parison o f shoo t 
w e ig h ts , Experim ent I I I ,  l$ k }-k k

t
Treatm ent t

Dry w eight 
o f sh oo t

Treatm ents
tre a tm e n ts

s u p e r io r  to  
in  column 1

So* t D esig n a tio n  « g r . ah %  3 ah 1%

15

t *
tCheck , t 1.83

3
17 ,18 ,22

16
s t
*20 C. P . * 2 .3 0 17 3

17
3 >
320 C. P. * 3 
3(i+x)l5NK 3 2.81+

3
3

18 320 C. P . + 3
*0*x)l5N 1 2 .78 3

19
t J
3i0 P ea t 3 1.81 20 3 17 ,18 ,22

20 310 P ea t + 3 
s(1+x)15NPK s 2.33

3
3

21 310 P ea t ^O C .P .3 2.23 17,18 3

22 310 P ea t 20 C. P* 
3+(4x)15NK 3 2 .7 0

3

3

23 3(1+x)15N30P75k 3 1.62
3

17 ,18 ,20 ,22

2k 3352 Wood ashes 3 1.85 3 17 ,18 ,22

25
1 t
31320 Wood ashess 1.95

3

17 ,18 ,22
*

Standard t 
d e v ia tio n  t 0 .17

3

3

3

t
D ifference  betw een t 
tre a tm en t means to  s 
be s ig n if ic a n t  a t  t 
5 and 1 p e rc en t *

0 .51

0 .69

3

3

3

3

3

t
F value tre a tm e n t t 5 .8 1 ^

3

3

♦♦ S ign ifican t a t  1 percent.
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phosphate was added to  th e  s o il*  N itro g en , when combined in  th e  c u ltu re  

w ith  c o l lo id a l  phosphate , d id  n o t produce t r e e s  s ig n i f i c a n t ly  h e av ie r  th an  

the  c o l lo id a l  phosphate tre a tm e n t, a lth o u g h  th e  d if fe re n c e  (O .I48 g r . )  

was n e a r ly  s ig n i f ic a n t  ( 0.51  g r .  needed f o r  a s ig n i f ic a n t  d i f f e r e n c e ) .

The dry  w eigh t o f th e  ro o ts  and a  com parison o f  th e  w e igh ts  by 

tre a tm en ts  a re  p re sen te d  in  Table J4I4.. The mean w eigh ts  o f  th e  ro o ts  

range from 0.8i+ to  1 .67  g r . ,  th u s  th e  tre a tm e n t w hich produced th e  h e a v ie s t 

t r e e  ro o ts  y ie ld e d  t r e e s  whose ro o ts  weighed n e a r ly  tw ice  as much as th o se  

fo r  th e  tre a tm e n t p roducing  th e  l ig h e s t  ro o ts .  The r e l a t i v e  d if fe re n c e  

average w eight between th e  h e a v ie s t  and l i g h t e s t  ro o ts  i s  g r e a te r  th an  

th a t  between th e  to p s .

The a n a ly s is  o f  v a rian ce  o f  ro o t w eight dem onstrates a very  s i g n i f i ­

cant d if fe re n c e  betw een some tre a tm e n ts .  Table 1(4 shows th a t  th e  10 P ea t 

20 C. P . +(4x ) 15NK tre a tm e n t i s  th e  o u ts ta n d in g  one in  so f a r  as ro o t 

w eight i s  concerned , th e  ro o ts  o f  th e  t r e e s  from t h i s  tre a tm e n t be ing  

very s ig n i f ic a n t ly  h e a v ie r  th a t  th e  ro o ts  from seven tre a tm e n ts ,  and s ig ­

n i f i c a n t ly  h e av ie r  th a n  th e  ro o ts  from one tre a tm e n t. The c o l lo id a l  phos- 

p h a te -n itro g e n  c u ltu re  i s  su p e r io r  to  fo u r  t re a tm e n ts ;  b u t th e  c o l lo id a l  

p h o sp h a te -n itro g en -p o tass iu m  c u l tu r e ,  which in  o th e r  c h a r a c te r i s t i c s  

showed s u p e r io r i ty  over j u s t  about th e  same tre a tm e n ts  as th e  form er, f a i l s  

to  show s ig n i f ic a n t  s u p e r io r i ty  in  ro o t  w eigh t over th e se  tre a tm e n ts  and 

i s  s ig n i f ic a n t ly  i n f e r i o r  to  th e  p e a t - c o l lo id a l  p h o sp h a te -n itro g en - 

potassium  c u l tu r e .

On th e  w hole, th e re  a re  s ig n i f ic a n t  d if f e re n c e s  in  ro o t w eigh t be­

tween fewer tre a tm e n ts  th an  in  shoo t w e ig h t , .

The d ry  w eight o f  th e  e n t i r e  t r e e ,  com parisons o f  w eigh ts by t r e a t ­

m ents, and ro o t- sh o o t r a t io s  a re  shown in  Table i+5* The w eigh ts f a l l  in to
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T able 4 4 »  —Mean d ry  w e ig h t o f  r o o t  and com parison  o f  
r o o t  w e ig h ts .  E xperim ent I I I ,  1 9 4 3 - 4 4

*
Treatm ent *

Dry w eight t 
o f  ro o t *

Treatm ents su p e r io r  to  
tre a tm e n ts  in  column 1

No. i D esig n a tio n  t g r .  * a t  5 % , a t  1%

15
* :
*Check * 0 .84  * * 18,22

16 *20 C. P . * 1 .09  *
t
t 22

17 *20 C. P . + *
*(l+x)15NK * 1 .20  *

t
22 *

18
1 • 
*20 C. P . ♦ *
* ( l |x )15N * i  .44 *

*

19
t 1
*10 P ea t * 0.92  * 18 * 22

20
s t
*10 P ea t + i 
*(ipc)l5NPK * 1 .26  t

*
*
t

21 *10 P ea t 20 C .P .* 1.10  * * 22 '

22
1 t
*10 P ea t 20 C.P.* 
*f(i+x)l5NK * 1.67 *

*
: *

23 *(l4x ) 15N30P75K * 1.07  *
*

22

24
1 t
*352 Wood ashes * 0 .8 4  » * 18,22

25
1 3
*1320 Wood ashes* 0.86  *

*
18,22

1
Standard * 
d e v ia tio n  t 0.15  *

*
*
t

1
D ifference  between * 
trea tm en t means to  * 
be s ig n i f ic a n t  a t  * 
5 and 1 p e rc e n t *

0 .45  *

0 .56  *

*
*
*
*

t
F value tre a tm e n t t 3»15** *

t
t

♦♦ S ign ifican t a t 1 p ercent.
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T a b le  4 5 *  — D r y  w e i g h t  o f  e n t i r e  t r e e ,  r o o t - s h o o t  r a t i o ,  a n d  
c o m p a r is o n  o f  t r e e  w e i g h t s  b y  t r e a t m e n t s ,  
E x p e r im e n t  I I I ,  1 9 4 3 - 4 4

Treatm ent

Dry w eigh tfT reatm en ts su p e r io r  
o f  e n t i r e  *to tre a tm e n ts  in  
t r e e -  g r .  * column 1

*Root-shoot 
* r a t i o

No. * D esig n a tio n t ax 5% * a t  1%

i
15 iCheck 2 .68 * 16,21  * 17, 18, 20,22 * 0 .1+6

3
16 *20 C. P . 3 .39 * 17,18 * 22 * 0.47

17 *20 c. P. + 
*(ipc)l5M 4 -0 4

3 3 
3 3

* 0 .1+2

18 *20 C. P . f  
,(1+x)15N 4 .2 2

8 3 
3 8 * O.52

19 *10 P ea t 2 .72 * 16 * 17 , 18, 20,22 * 0 .51
3

20 *10 P ea t * . 
*(i*x)15NPK 3.59

* *

< 18 * 22 * 0 .54
3

21 *10 P ea t 20 C. P . 3.34 * 17 * 18,22 * 0 .49
3

22 *10 P ea t 20 C. P . 
*+(i+x)l5NK

X
1+.38

* * 
* * 

* * * 0 .62

23 *(1+x)15N30F75K 2 .69 * 16 * 17, 18 , 20 , 21,22 * 0.66
3

24 *352 Wood ashes 2 .7 0 * 16 * 1 7 ,1 8 ,2 0 ,2 1 ,2 2 * 0 .45
3

25 *1320 Wood ashes 2 .81 * 20 * 17 ,18 ,22 * o.i+4

Standard d e v ia tio n 0 .22
s * 
* * * 0 . 0$

D ifference  between 
trea tm en t means to  
be s ig n i f ic a n t  a t  5 
and 1 p e rc en t

0.63

O.85

1 * 
* *

t  *

F value tre a tm e n t Q » 6 7 * *

4 « • •

* * * 1.63

♦♦ S ign ifican t a t 1 p ercen t.
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th re e  b road  c la sses}  below 3 g r . ,  from 3 to  1+ g r . ,  and over I4. g r .

T rees from  th e  c u l tu r e  w ith  th e  h ig h e s t  mean w e ig h t (i+-38 g r . )  a re  

more th a n  63 p e rc e n t  h e a v ie r  th a n  th o s e  from  th e  c u l tu r e  w ith  th e  low­

e s t  mean w e ig h t ( 2.68  g r . ) .

The t r e e s  from the  check tre a tm e n t were n o t su p e r io r  in  w eight 

to  t r e e s  from any o th e r  c u l tu re s  and were i n f e r io r  to  th o se  from s ix  

c u l tu re s ,  f iv e  o f  which in c lu d ed  c o l lo id s l  phosphate as a l l  o r a  p a r t  

o f th e  tre a tm e n t.  The one tre a tm e n t n o t c o n ta in in g  c o llo id a l phosphate 

con tained  p e a t moss and r e a d i ly  a v a i la b le  n itro g e n , phosphorous, and 

potassium . A ll c u ltu re s  which produced t r e e s  w ith  a mean w eigh t in  

excess o f  I4. g r .  co n ta in ed  c o l lo id a l  phosphate in  a d d itio n  to  r e a d i ly  

a v a ila b le  forms o f  n i tro g e n  or n itro g e n  and p o tassium . The f a c t  t h a t  

th e  t r e e s  from th e  20 C. P . t(l+x)l5NK and 10 P ea t 20 C. P . +(ipc)l5NK 

trea tm en ts  a re  n o t s ig n i f ic a n t ly  h e av ie r  th an  th o se  from th e  20 C. P . 

t(ipc)15N trea tm en t r a is e s  some doubt as  to  th e  v a lue  o f  po tassium  in  

tre a tm en ts  c o n ta in in g  c o l lo id a l  phosphate .

I t  i s  notew orthy t h a t ,  whereas th e  c u ltu re  c o n ta in in g  c o l lo id a l  

phosphate a lone i s  n o t su p e r io r  to  th e  check a t  th e  end o f  th e  e x p e r i­

ment in  th e  c h a r a c te r i s t i c s  d iscu ssed  p re v io u s ly , i t  i s  su p e r io r  in  

w eight o f  th e  e n t i r e  t r e e .  In  c o n t r a s t ,  p ea t moss a lone had no e f f e c t  

on t r e e  w e ig h ts . When c o l lo id a l  phosphate i s  added w ith  th e  p e a t moss, 

t r e e  w eight i s  in c re a se d  enough to  make th e  t r e e s  from t h i s  tre a tm e n t 

su p e rio r to  th o se  from th e  check and on ly  0.01  g r .  s h o r t  o f  be ing  

s ig n i f ic a n t ly  su p e r io r  to  th ose  from th e  p e a t tre a tm e n t. O bviously, 

c o llo id a l  phosphate i s  an im portan t f a c to r  in  in f lu e n c in g  t r e e  w e ig h t.

Wood ashes produced no s ig n i f ic a n t  e f f e c t  on t r e e  w e ig h t.
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R oot-shoo t r a t i o s ,  a lth o u g h  ran g in g  from 0.43 to  0 .6 8 , d id  no t 

show s ig n i f ic a n t  d if f e r e n c e s  owing to  th e  la rg e  s tan d a rd  e r r o r  o f  t h e  

e r ro r  te rm  in  th e  experim en t. A s tudy  o f th e  ro o t- sh o o t r a t i o s  

in d ic a te s  no t re n d  th a t  oan be r e la te d  to  type o f tre a tm e n t.
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Summary o f  R e s u l ts

This experim ent dem onstrates co n v in c in g ly  t h a t  to  improve th e  

q u a lity  o f  s la s h  p ine  see d lin g s  grown in  N orfo lk  sand, f i s t ,  th e  

p h y sica l c o n d itio n  o f  th e  s o i l  must be improved and second ly , sup­

plem ental r e a d i ly  a v a ila b le  n i tro g e n , phosphorous, and po tassium  must 

be a p p lie d . N e ith e r th e  a d d it io n  o f  c o l lo id a l  phosphate o r p e a t moss 

, alone nor th e  a d d it io n  o f r e a d i ly  a v a ila b le  n u t r i e n t s  a lone  produced

much response in  th e  s e e d lin g s , b u t when com binations o f  th e se  were ap­

p lie d  to  the  s o i l ,  th e  response o f th e  t r e e s  was ou tstand ing#

N itro g en , phosphorous, and po tassium , when added to  s o i l  su p p lied  

w ith  10 to n s  o f  p e a t moss, d id  n o t cause as much response in  th e  t r e e s

as when added to  s o i l  su p p lie d  w ith  20 to n s  o f c o l lo id a l  phosphate# The

peat moss, when combined w ith  c o l lo id a l  phosphate and r e a d i ly  a v a ila b le  

n itro g e n  and po tassium , a p p a re n tly  made no c o n tr ib u tio n  to  th e  n u t r i t io n  

o f the  see d lin g s  as ev idenced  by th e  g re a t  s im i la r i ty  o f  t r e e s  in  th e  

10 P ea t 20 C. P . +(ij.x)15NK and 20 C. P . $(i+x)15NK c u ltu re s#  The

s im i la r i ty  o f  th e  t r e e s  in  th e  20 C# P« +(l+x)151S’ and th e  20 C# P .

■f(ipc)15NK c u ltu re s  su g g ests  th a t  po tassium  has c o n tr ib u te d  l i t t l e ,  i f  

any th ing , to  th e  n u t r i t i o n  o f  th e  t r e e s .

Response o f th e  see d lin g s  to  c o l lo id a l  phosphate and re a d ily

a v a ila b le  n itro g e n  o r n itro g e n  and po tassium  was o f  about t h e  same de­

gree o f magnitude in  stem  le n g th , b ran ch in g , d iam eter, and weight# No 

s ig n if ic a n t  e f f e c t  on ro o t-sh o o t r a t i o  was e v id e n t, however.

Wood ashes was in e f f e c t iv e  in  cau sin g  a  response  by s la s h  p ine 

see d lin g s .
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Calcium and Phosphorous 
A nalysis o f  Needles

Trees from fo u r tre a tm e n ts  which had produced see d lin g s  s ig n i ­

f ic a n t ly  d i f f e r e n t  from th o se  o f th e  check in  a number o f  c h a r a c te r i s ­

t i c s  were chosen fo r  an  a n a ly s is  o f  phosphorous and calcium . The 

an alyses were l im ite d  to  th o se  two elem ents s in ce  th e  c o l lo id a l  phos­

phate tre a tm e n ts -  h igh  in  phosphorous and calcium - had produced such 

su p e rio r t r e e s ,  and i t .a p p e a re d  th a t  th e se  two n u t r i e n ts  m ight be con­

t r ib u t in g  f a c to r s .  The tre a tm e n ts  chosen were* check, 6QN, 60P, 20 C. P . ,  

and 20 C. P . +(l+x)15NK. The d e te rm in a tio n s  o f  phosphorous and calcium  

were made on th e  n eed le s  o f a t r e e  s e le o te d  a t  random from each  r e ­

p l ic a t io n  o f each  tre a tm e n t by th e  methods d e sc rib ed  by th e  A sso c ia tio n  

o f O f f ic ia l  A g r ic u ltu ra l  Chem ists (191+0). The r e s u l t s  o f th e se  an a ly ses  

a re  shown in  Table 1+6-

Table 1+6. —The phosphorous and calcium  co n ten t o f  n eed le s  o f  
s la s h  p ine  see d lin g s  grown in  t r e a te d  and un­
t r e a te d  N orfo lk  sand

Treatm ent

t Phosphorous Calcium
* Dig. p e r 
t t r e e

P e rc e n t o f  
d ry  w eight

Mg. per 
t r e e

1 P e rcen t o f  
t d ry  w eight

Check * 2.30 0.22 5 .2
t
* 0.50

60N t 1.70 0.23 3.5 * 0 .I+7

60P « 2.95 0 .21 6 .9 1 o.i+9

20 C. P. : 2.90 0.20 6.7
s
< 0 .1+6

20 C.P.*(l+x)l5NK * k> U 0.22 9-7
t
* 0.51

Standard d e v ia t io n t 0 .20 0 .02 0.25
s
1 0.18
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The amounts o f  phosphorous and calc ium , ex p ressed  in  term s o f  

p e rcen t o f  th e  d ry  w eight o f  th e  n e e d le s , v a ry  on ly  s l ig h t ly  f o r  t r e e s  

from d i f f e r e n t  t re a tm e n ts .  W ilde (194^* 294) found a  s im ila r  r e l a t i o n ­

sh ip  fo r  phosphorous in  o n e -y e a r-o ld  w h ite  ash  se e d lin g s  grown in  fo u r 

d i f f e r e n t  s o i l  c u l tu r e s .  He re p o r ts  th e  P c o n ten t o f  th e se  s e e d lin g s  

to  be 0.17 to  0 .19  p e rc e n t, which i s  on ly  s l i g h t l y  l e s s  th an  th e  0 .20  

to  0.23 p e rc en t o f  P in  th e  s la s h  pine n e e d le s . In  th e  same r e p o r t ,

Wilde shows th a t  th e  P c o n ten t o f  red  p in e  s e e d lin g s  was in c re a se d  from 

0.17 p e rcen t to  0 .29  p e rc en t by the  a p p l ic a t io n  o f  a  non-legume g reen  

manure.

Analyses o f  v a r ia n c e  a p p lie d  to  th e  d a ta  fo r b o th  elem ents re v e a l 

no s ig n i f ic a n t  d if f e re n c e  between tre a tm e n ts , th e  F value fo r  phos­

phorous being  0«55» and f o r  calc ium  be ing  0 .0 1 . The amounts o f  phos­

phorous and caloium , when ex p ressed  as mg* p e r t r e e ,  show a wide 

v a r ia t io n  between o u l tu r e s .  A nalyses o f  v a ria n c e  dem onstrate  t h a t  th e  

d if fe re n c e s  between tre a tm e n ts  in  amounts o f  calc ium  and phosphorous in  

mg. a re  ve ry  s ig n i f i c a n t .  A com parison o f  e f f e c t  o f  s o i l  tre a tm e n t 

on phosphorous and calcium  c o n ten t o f  th e  n eed le s  o f  s la s h  p in e  se e d lin g s  

i s  shown in  Table 47•

The s u p e r io r i ty  o f  20 C. P . +(4x)15NK tre a tm e n t over th e  o th e r  

fo u r tre a tm e n ts  in  th e  calcium  co n ten t o f  th e  t r e e  n eed le s  i s  e v id e n t 

in  Table 47* I t  was a lm ost e q u a lly  su p e r io r  in  th e  phosphorous co n ten t 

o f th e  t r e e  n e e d le s . A ll th re e  c u l tu re s  c o n ta in in g  phosphorous and 

calcium  produced t r e e s  w ith  a h ig h er calc ium  c o n ten t i n  th e  n e ed le s  th a n  

th ose  o f th e  check and th e  n itro g e n  c u l tu re s .  In  c o n tr a s t ,  on ly  th e  

c o llo id a l  phosphate tre a tm e n t w ith  n itro g e n  and po tassium  was su p e r io r
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to  th e  checkj and i t  and th e  60P tre a tm e n t were su p e r io r  to  th e  n itro g e n  

c u ltu re  in  th e  c o n ten t o f  phosphorous in  th e  t r e e  need les*

The f a c t  th a t  s ig n i f ic a n t  d if f e r e n c e s  betw een th e  tre a tm e n ts  in  th e  

percen tage  o f  phosphorous and calc ium  in  th e  se e d lin g  n eed le s  do n o t 

e x is t ,  b u t t h a t  s ig n i f ic a n t  d if f e r e n c e s  do e x i s t  between tre a tm e n t means 

in  the  w eigh t o f  phosphorous and calc ium  in  th e  n eed le s  r e v e a ls  th a t  

the  l a t t e r  d if f e re n c e s  a re  due to  d if fe re n c e s  in  th e  w eigh t o f  n eed le s  

produced by t r e e s  from d i f f e r e n t  c u ltu re s*

I t  i s  notew orthy t h a t  th e  20 C. P . tfi+xJlJNK tre a tm e n t produoed 

tr e e s  w ith  g re a te r  amounts o f  calc ium  and phosphorous in  th e  need les  

th an  th e  20 C. P . tre a tm e n t. O bviously , th e  c o l lo id a l  phosphate by 

i t s e l f  d id  no t in c re a se  th e  in ta k e  o f  phosphorous by th e  p la n ts .  However, 

when n itro g e n  and po tassium  were in c lu d e d  w ith  th e  c o l lo id a l  phosphate , 

th e  in tak e  o f phosphorous was in o re a se d , as was undoubtedly  th e  in ta k e  

o f n itro g e n  and po tassium . D ata on h e ig h t and d ry  w e ig h t, p re sen te d  

p rev io u s ly , showed th a t  when n itro g e n , phosphorous, and po tassium  were 

added to  an o th e rw ise  u n tre a te d  s o i l  no s ig n i f i c a n t  e f f e c t  was produced 

on th e se  f e a tu r e s ,  b u t when added to  a  s o i l  to  which c o l lo id a l  phosphate 

had been added a ls o ,  s ig n i f ic a n t  in c re a s e  in  h e ig h t and d ry  w eigh t oc­

cu rre d . A pparen tly , n i tro g e n , phosphorous, and po tassium  to g e th e r  o r 

c o llo id a l  phosphate a lone cannot in f lu e n c e  th e  h e ig h t, d ry  w eigh t, o r  nu­

t r i e n t  in ta k e s , b u t in  com bination th e y  oan, E v id e n tly , th e  c o l lo id a l  

phosphate, p o s s ib ly  th rough  th e  c o l lo id a l  f r a c t io n ,  o re a te s  in  th e  s o i l  a 

co n d itio n  which a llow s th e  t r e e  ro o ts  to  feed  more e f f e c t iv e ly .  The 

mechanism invo lved  i s  w orthy o f s tu d y .
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T able 2+7• — Com parison o f  tr e a tm e n ts  i n  t h e i r  e f f e c t  on phospho­
ro u s  and ca lc iu m  c o n te n t  o f  n e e d le s  o f  s l a s h  p in e  
s e e d l in g s

T rea tm en ts  p ro d u c in g  -trees  
w ith  g r e a t e r  P c o n te n t th a n  
t r e a tm e n ts  i n  column 1

T rea tm en ts  p ro d u c in g  t r e e s  
w ith  g r e a t e r  Ca c o n te n t  
th a n  tr e a tm e n ts  i n  column 1

Treatment t a t  5?o** a t  I %** i a t  5$+i a t  1%M

Check 20C.P.*
(4x)15nk

t *
: t 60P, 20 C. P.
* * 20 C .P .+(4x )15NK

60N t 60P
20C.P.+
(4x)l5NK

i * Cheok, 60P, 20C.P 
* * 20 C.P.+(4x)l5NK

60P

j 20 C .P.*
! (4 x) 15NK, 
t la c k s  0 .01 mg.

I * 20 C. P . +
i t (4 x)15nk

20 C. P .
20 C .P .t  
(4x)l5NK

t t
i * 20 c .  P . +
* » (4*)15NK

20  C. P . + 
(4x)15MK t t

♦A minimum d if fe re n c e  o f  1.23
**A minimum d if fe re n c e  o f 1.71

+A minimum d if fe re n c e  o f 0 .79  mg•
t+A minimum d if fe re n c e  o f 1 .10  mg.

D isc u ss io n  o f  R e s u lts

The v a rio u s  tre a tm e n ts  d i f f e r e d  in  t h e i r  e f f e c t  upon th e  s e v e ra l

c h a r a c t e r i s t i c s  o f  th e  t r e e s .  Some t r e a tm e n ts  cau sed  a  r e d u c t io n

in  stem le n g th  and n e a r ly  co rrespond ing  re d u c tio n s  in  stem d iam eter

and dry  weight} o th e r  tre a tm e n ts  caused a  re d u c tio n  in  stem  le n g th

b u t in c re a se s  in  stem d iam eter and dry  w eig h t; s t i l l  o th e r  tre a tm e n ts

caused an in c re a se  in  a l l  th re e  c h a r a c t e r i s t i c s .  I t  i s  o f te n  assumed

th a t  when stem le n g th  o f  young c o n ife rs  i s  in c re a se d  as a r e s u l t  o f

n u t r ie n t  a p p l ic a t io n ,  co rrespond ing  in c re a s e s  in  stem d iam eter and

dry  w eig h t o c c u r .  R ecen t s tu d ie s  w ith  c e r t a i n  c o n i f e r s  have d e -
v

m onstra ted  t h i s  to  be a facifc (Bensend, 1943* McComb, 1943)*

Since th e  f e a tu re s  a lre a d y  m entioned, as w e ll as o th e rs , a re
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a f fe c te d  by th e  tre a tm e n t to  which th e  t r e e s  a re  su b jec te d  and s in ce  

an improvement in  one t r a i t  may n o t be accompanied by a  comparable 

improvement in  a n o th e r , th e  a p p ra is a l  o f  aay tre a tm e n t cannot be 

made s a fe ly  on a s in g le  f e a tu r e .  S ince i t  i s  d i f f i c u l t  to  v is u a l iz e  

sev e ra l f e a tu re s  in  th e  ag g reg ate  as a  b a s is  fo r  comparing th e  e f f e c t s  

o f one tre a tm e n t w ith  an o th er i t  appeared  d e s ir a b le  to  develop a 

composite v a lu e  t h a t  would re p re se n t th e  more im p o rtan t c h a ra c te r ­

i s t i c s  s t u d i e d . . The r e s u l t s  o f an a ttem p t to  c a lc u la te  such a  com­

p o s ite  v a lue  a re  shown in  Table 1+8. F ive t r e e ;  c h a r a c te r i s t i c s ,  each 

o f which i s  g iv en  equal w e ig h t, a re  used to  secu re  th e  com posite t r e e  

index v a lu e . The v a lu es  a re  r e l a t i v e  s in c e  th e  t r e e s  from th e  cheok 

tre a tm e n t form th e  b a s is  fo r  com parison. For each  o f  th e  f iv e  fe a tu re s  

l i s t e d  th e  num erica l v a lu es  were secu red  as follow s* I f  a  tre a tm e n t 

mean exceeds the  mean o f th e  cheok by e x a c tly  th e  amount needed to  

be s ig n i f ic a n t  a t  5 p e rc e n t, th e  tre a tm e n t mean i s  sco red  a t  1, 

and i f  i t  exceeds th e  check by e x a c tly  th e  amount needed to  be very  

s ig n i f ic a n t ,  th e  tre a tm e n t mean i s  sco red  2 . D e f ic ie n c ie s  of the  

same m agnitudes a re  scored  -1  and -2 , r e s p e c t iv e ly .  A d if fe re n c e  which 

i s  le s s  than  th a t  needed to  be s ig n i f ic a n t  i s  sco red  p ro p o r tio n a te ly  

as i s  a d if fe re n c e  which l i e s  betw een th e  5 a^d 1 p e rc e n t p o in ts .  

D iffe ren ces  which exceed th a t  needed a t  1 p e rc e n t a re  sco red  on a  

p ro p o r tio n a te  b a s is  excep t when th e  score  exceeds 3« The sco re  fo r  

branching  g iv es  eq u al w eight to  number o f  branched t r e e s  and number 

o f branches per t r e e  and i s  based  on o b se rv a tio n s  made a t  th e  end o f 

12 and 12^ weeks, r e s p e c t iv e ly .  A ll o th e r  sco res  a re  based  on m easure­

ments made a t  th e  end o f  the  ex p erim en ts. Shoot w eight and ro o t  w eight 

a re  no t in c lu d ed  in  th e  r a t in g  s in ce  w eigh t o f e n t i r e  t r e e  covers th e se  

f e a tu r e s •



T a b le  1+8• — R a t i n g  o f  t r e a t m e n t s  i n  191+3-1+1+ e x p e r i m e n t s  f o r  
c o m p o s i t e  t r e e  i n d e x  e v a l u a t i o n

>__________________ N u m e r ic a l  r a n k _______________________ iC o m p o -
iS t e m  : B r a n c h - * D i a - _ i  W e ig h t  o f  , * R o o t - s h o o t  * s i t e  t r e e

Treatm ent rle n g th ing jg ie te r je n t i r e  tre e *  r a t i o index

Check 0 .0 0 .0 :0 .0 0 .0 0 .0 0 .0
6QNF -2 .5 0 .0  :•■0 .1+ -1 .3 0 .1  . -l+ .l
6onk -1 .7 0 .5 ■1.3 -0 .5 0 .1+ 0 .0
6opk 0 .9 1.1 1.7 1 .3 - 0 .2 1+.8
6on -3 .0 0 .0  :•-1.8 -2 .5 0 .0 -7 .3
6op 0 .7 1 .9 3 .0 3 .0 0 .1 8 .7
6ok 0 .9 0 .1 0 .0 0 .1+ 0 .9 2 .3
60NPK - 0 .6 2 .3 1 .0 0 .5 0 .0 3 .2
60NPK - 0.7 0 .9 0 .6 0 .6 0 .9 2 .3
120NPK ' -1 .8 0 .8 0.5 0 .1 0 .0 -0.1+
180NPK -1 .3 0 .5 1 .0 -0 .1 0 .0 0 .1
(1+x)15NPK 0.2 1 .0 1 .2 0 .7 0 .0 3 .1
(l+x)30NPK -0 .5 2 .0 3 .0 2 .2 0 .0 6 .7
(l+x)i+5NPK -0 .6 1 .0 3 .0 0 .7 - 0 .7 3.1+
Check 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
20 C. P. 0 .9 1.1 0 .8 1.1+ 0 .0 1+.2
20C.P.f(i+x)l5NK 2 .5 2 .8 3 .0 3 .0 - 0.3 11 .0
20C.P.+(l+x)l5N 1.8 2.1+ 3 .0 3 .0 0 .5 10 .7
10 Peat -0 .5 0.1+ 0.1 0 .1 0 .5 ,0 .6

10 Peat+
(1+x)15NPK -0 .2 2 .6 3 .0 2 .2 0 .7 8 .3

10 P ea t 20C.P. 0 .3 1 .0 0 .9 1.1 0.3
1

3 .6

10 P eat 20 C.P. :
*(i+x)l5NK 0.9 2 .5 3 .0 3-0 0 .9 10.3

(1+x)15K30P75K - 1 . 0. 1.1 M■0.3 0 .0 0 .9 0 .7
352 Wood ashes -0 .2 0 .2  : --0.1 0 .0 0 .0 - 0 .1
1320 Wood ashes 0 .3 0.1 0 .2 0 .2 -0 .2 0 .6
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Composite t r e e  index  v a lu es  range from -7*3 to  ll.JQ , a  t o t a l  o f 

18.3 p o in ts .  The s m a lle s t  value was produced where th e  tre a tm e n t 

co n s is te d  o f  a s in g le  a p p lic a t io n  o f  60 pounds p e r a c re  o f  n itro g e n  

a t  the  beg inn ing  o f  th e  experim en t. E v id en tly , t h i s  amount o f 

n itro g en  a p p lie d  so e a r ly  was ex cessiv e  s in ce  i t  in te r f e r e d  w ith  th e  

normal grow th and developm ent o f  th e  t r e e s .  H eight grow th was de­

p ressed  m ost, b u t d iam eter and w eig h t were g r e a t ly  reduced  a ls o .  

Branching and ro o t- sh o o t r a t i o  were n o t a f f e c te d .  - W hether a  s im ila r  

amount o f  n itro g e n  s p l i t  in to  two o r more a p p l ic a t io n s  would have th e  

same e f f e c t  i s  n o t known, and b e a rs  in v e s t ig a t io n .

The a d d it io n  o f 60 pounds o f P2O5 p e r a c re  w ith  the  same amount 

o f n itro g e n  as i l l u s t r a t e d  by th e  6GH1? tre a tm e n t reduced  somewhat th e  

dep ressing  e f f e c t s  which were so marked w ith  n itro g e n  a lo n e . The 

use o f p o ta sh  w ith  n itro g e n  caused a  s t i l l  f u r th e r  re d u c tio n  in  

v. stem le n g th  d ep re ss io n , and branch ing  and stem  d iam eter were in ­

c reased  s u f f i c i e n t ly  over t h a t  produced by n itro g e n  a lone  to  make th e  

t r e e s  in  th e  60NK tre a tm e n t equal in  com posite index  v a lu e  to  th o se  

from th e  check . When N, P2O5 , and KgO were used to g e th e r  a t  r a te s  

o f 60 pounds per a c re , each in  a s in g le  a p p l ic a t io n ,  stem le n g th  

was n o t s ig n i f i c a n t ly  s h o r te r  th a n  th a t  o f  th e  check, and branch ing  

and stem d iam eter were s u f f i c i e n t ly  b e t t e r  to  g ive  th e  t r e e s  from 

the  60NPK c u ltu re  a  g r e a t ly  improved r a t in g .

Phosphorous o r po tassium , o r a  com bination o f  th e  two, as 

i l l u s t r a t e d  by th e  60P, 60K, a id  6>0PK tre a tm e n ts , r e s p e c t iv e ly ,  d id  

n o t decrease  stem le n g th  and caused enough improvement in  one o r more 

o th e r c h a r a c te r i s t i c s  to  dem onstrate  th e  v a lu e  o f  th e se  e lem ents in  

s in g le  a p p lic a t io n s  a t  th e  s t a r t  o f  experim en t. The f a c t  th a t  the
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60P tre a tm e n t con ta in ed  some calcium  in  th e  source m a te r ia l  makes i t  im­

p o ss ib le  to  a t t r i b u t e  th e  marked s u p e r io r i ty  o f  th e  t r e e s  from t h i s  t r e a t ­

ment to  phosphorous a lo n e . Calcium may have been a c o n tr ib u tin g  f a c to r .

The s u p e r io r i ty  o f  sm all amounts o f  n u t r i e n t s  a p p lie d  f re q u e n tly  

over th e  same t o t a l  q u a n tity  a p p lie d  a t  onca a t  th e  s t a r t  i s  e v id e n t p a r­

t i c u l a r l y  in  th e  la r g e r  d iam eter o f  t r e e s  in  th e  s p l i t - a p p l i c a t io n  t r e a t ­

ments as compared to  th o se  in  th e  s in g le - a p p l ic a t io n  tre a tm e n ts  and to  

s u p e r io r i ty  o f th e -fo rm er over th e  l a t t e r  in  stem le n g th . The w a s te fu l­

ness o f la rg e  s in g le  a p p lic a t io n s  o f  n i t ro g e n , phosphorous, and po tassium  

i s  e v id en t in  th e  r e s u l t s  o f  th e  120NPK and 180NFK c u l tu r e s .  Trees from 

those tre a tm e n ts , a lth o u g h  v ary in g  from th o se  from th e  check in  in d iv id u a l 

fe a tu re s , had comparable com posite t r e e  index  v a lu e s .

The h ig h e r t r e e  index  v a lue  o f th e  (i|.x)30NPK tre a tm e n t, as compared 

to  th e  (ipc)15NPK and (i+x)ij.5NPK tre a tm e n ts , seems to  in d ic a te  t h a t  fo u r 

a p p lic a tio n s  o f  30 pounds each o f  N, P2O5 , and K2O may be somewhere n ea r 

th e  optimum in s o f a r  as a l l- ro u n d  t r e e  q u a l i ty  i s  concerned . A lthough t h i s  

trea tm en t i s  i n f e r io r  to  th e  (l+x)l5NPK tre a tm e n t in  i t s  e f f e c t  on stem 

le n g th , i t  i s  much s u p e r io r  from th e  s ta n d p o in t o f  in c re a s in g  d iam eter 

and w eigh t.

C o llo id a l phosphate used  a t  a  r a te  o f 20 to n s  p e r  acre  produces de­

f i n i t e  e f f e c t s  on th e  t r e e s ,  e s p e c ia l ly  when n itro g e n  or n i tro g e n  and po­

tass iu m  a re  used  w ith  i t .  C o llo id a l phosphate a lone was n e a r ly  as a f ­

fe c t iv e  in  changing th e  q u a l i ty  o f  t r e e s  as th e  more e f f e c t iv e  tre a tm e n ts  

invo lv ing  th e  use o f  r e a d i ly  a v a ila b le  n u t r i e n t s  (60P, 60PK, (l+x)15NPK). 

E v id en tly  n i tro g e n  p lay s  a s ig n i f ic a n t  r o le  in  co nnec tion  w ith  c o l lo id a l  

phosphate as dem onstrated  by th e  su p e r io r  t r e e  index v a lue  o f t r e e s  in
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th e  20 C« P . 4-(l4x ) 15N c u l tu r e  o v er th o se  i n  th e  20 C. P . c u l tu r e .

I t  i s  d o u b tfu l t h a t  p o ta ss iu m  i s  e s s e n t i a l  i n  co n n e c tio n  w ith  th e  u se  

o f  c o l lo id a l  p h o sp h a te  i n  view  o f  t h e  c lo se  agreem ent o f  t r e e s  i n  th e  

20 C. P . *(ljjc)15N and 20 C. P . +(ipc)l5NK c u l tu r e s .

P e a t moss (10  P e a t c u l tu r e )  h as  l i t t l e  e f f e c t  on th e  t r e e s  un­

le s s  n i t r o g e n ,  p h ospho rous, and p o ta ss iu m  a re  added (10  P e a t +(l|.x)15NPK 

c u l tu r e )  i n  w hich  case  b ra n c h in g , d ia m e te r , and w eig h t a re  in c re a s e d  

m arked ly .

The f a c t  t h a t  th e  t r e e s  make much b e t t e r  a l l - r o u n d  grow th  and 

developm ent when r e a d i ly  a v a i la b le  n u t r i e n t s  a r e  added in  th e  p re ­

sence o f  c o l lo id a l  p h o sp h a te  o r  p e a t  moss th a n  when added in  th e  same 

q u a n ti ty  to  th e  n a t u r a l  s o i l  ((i+x)15NPK c u l tu r e )  in d i c a te s  t h a t  p e a t  

moss and c o l lo id a l  p h o sp h a te  e * e r t ,  in  some m anner, a  f a v o ra b le  e f f e c t  

upon n u t r i t i o n .  In  th e  ca se  o f  th e  p e a t  m oss, th e  e f f e c t  can n o t 

lo g i c a l l y  be a t t r i b u t e d  to  r e a d i ly  a v a i la b le  n u t r i e n t s  t h a t  i t  s u p p lie s  

s in ce  th e  p e a t  moss i s  raw  o rg a n ic  m a tte r  w hich  can su p p ly  l i t t l e  

r e a d i ly  a v a i la b le  n u t r i e n t .  In  th e  ca se  o f  c o l lo id a l  p h o sp h a te , qu ick  

t e s t  a n a ly s i s  r e v e a le d  t h a t  o n ly  ca lc iu m  o c c u rre d  in  i t  in  w a te r - s o lu b le  

form in  a p p re c ia b le  q u a n t i ty .  F u rth e rm o re , ca lc iu m  i s  n o t  found i n  p e a t 

moss, and th e r e f o r e  can n o t  th e r e f o r e  be a  f a c t o r  i n  t h a t  m a te r i a l .  I t  

i s  p o s s ib le  t h a t  b o th  th e s e  m a te r ia ls  a f f e c te d  fa v o ra b ly  th e  a v a i l a b i l i t y  

o f  th e  n u t r i e n t s  e i t h e r  th ro u g h  th e  p h y s ic a l  complex o f  th e  s o i l  i t s e l f  

o r i n d i r e c t l y  th ro u g h  a  p h y s ic a l  e f f e c t  w hich may in c re a s e  th e  perm eab i­

l i t y  o f  th e  membranes to  n u t r i e n t s .

The (43c) 15N30F75K, t r e a tm e n t  w h ich  c o n ta in e d  a  h ig h  c o n c e n tr a t io n  

o f  p o ta ss iu m , produced  no e f f e c t s  o u t o f  th e  o rd in a ry .

Wood ash es  i n  th e  two d i f f e r e n t  am ounts u sed  had l i t t l e  o r  n o t  

e f f e c t  on th e  t r e e s .
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19kk-k5 Experim ents

Soil  Treatm ent

S i n c e  t h e  c u l t u r e s  c o n t a i n i n g  c o l l o i d a l  p h o s p h a t e  i n  t h e  1 9 4 3 - 4 4  

g r e e n h o u s e  e x p e r i m e n t s  h a d  p r o d u c e d  t h e  b e s t  q u a l i t y  t r e e s ,  f u r t h e r  s t u d y  

o f  c o l l o i d a l  p h o s p h a t e  t r e a t m e n t s  s e e m e d  d e s i r a b l e .  E x p e r im e n t  I  w a s  d e ­

s i g n e d ,  t h e r e f o r e ,  t o  t e s t  t h e  e f f e c t  o f  v a r y i n g  a m o u n ts  o f  c o l l o i d a l  p h o s ­

p h a t e  o n  t h e  s e e d l i n g s .  T h e q u a n t i t y  w a s  v a r i e d  f r o m  0 » 5  t o  2 5  t o n s  p e r  

a c r e .  I n  t h e  o n e - t o n  t r e a t m e n t s  ( s e e  T a b le  4 9 , t r e a t m e n t s  2 a n d  5 ) »  

c o l l o i d a l  p h o s p h a t e  w a s  m ix e d  i n  t h e  u p p e r  4  i n c h e s  o f  s o i l  i n  o n e  

c u l t u r e ,  an d  i n  a n o t h e r ,  i t  w a s  s c a t t e r e d  o n  t h e  s u r f a c e .  F i f t e e n  p o u n d s  

p e r  a c r e  o f  N a n d  K2O w e r e  a p p l i e d  f o u r  t i m e s  a t  i n t e r v a l s  o f  5 w e e k s .  I n  

t h e  c u l t u r e s  i n  w h ic h  n i t r o g e n  a n d  p o t a s s i u m  w e r e  u s e d ,  t h e s e  e l e m e n t s  

w e r e  m ix e d  i n  t h e  u p p e r  1+ i n c h e s  o f  s o i l  i n  t h e  f i r s t  a p p l i c a t i o n  e x c e p t  

i n  t r e a t m e n t  5» w h i c h  t h e y  w e r e  a p p l i e d  t o  t h e  s u r f a c e .  The s u b s e ­

q u e n t  a p p l i c a t i o n s  o f  t h e s e  e l e m e n t s  w e r e  t o  t h e  s u r f a c e .  The s o u r c e  

o f  n i t r o g e n  a n d  p o t a s s i u m  w e r e  NH^HO^ a n d  K C 1, r e s p e c t i v e l y .  The  

m a t e r i a l s  w e r e  C . P .  c h e m i c a l s .  T he d e t a i l s  o f  t h e  t r e a t m e n t s  i n  

E x p e r im e n t  I  a r e  sh o w n  i n  T a b le  4 9 »

Since b o th  th e  c o l lo id a l  phosphate tre a tm e n ts  in  Experim ent I I I  

and th e  phosphorous tre a tm e n t (c o n ta in in g  some calcium ) in  Experim ent I  

o f th e  1943-144 s e r ie s  y ie ld e d  th e  l a r g e s t  and h e a v ie s t  t r e e s ,  th e re  was 

some in d ic a t io n  th a t  phosphorous o r calcium  o r th e  com bination o f  th e se  

elem ents m ight be p a r t i c u la r ly  im p o rtan t in  th e  n u t r i t i o n  o f  young s la s h  

p ine s e e d lin g s . Two experim ents were designed  to  t e s t  th e  r o le  o f  th e se  

e lem ents. In  Experim ent I I ,  phosphorous was th e  o n ly  n u t r i e n t  added to  th e  

s o i l .  I t  was a p p lie d  a t  f iv e  d i f f e r e n t  r a te s  1 $0 , 60, 120, 240, and I4BQ 

pounds per a c re  o f  P2O5 . In  Experim ent I I I ,  po tassium ; n itro g e n  and
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p o ta ss iu m ; and ca lc iu m , n i t r o g e n ,  and p o ta ss iu m  were u sed  i n  co m b in a tio n  

w ith  p h o sp h o ro u s. The l a t t e r  e lem en t was u sed  a t  t h r e e  d i f f e r e n t  r a t e s t  

60 , 120, and i;.80 pounds p e r  a c re  o f  P2O5 . In  t h i s  e x p e rim e n t, n i t r o g e n  

and p o ta ss iu m  w ere a p p l ie d  fo u r  tim e s  a t  ^•ireek i n t e r v a l s  a t  a  r a t e  o f  

15 pounds p e r  a c re  o f  N aind K2O, a  t o t a l  o f  60 pounds o f  each  d u rin g  th e  

e x p e rim e n t. Calcium  was a p p l ie d  t o  th e  s o i l  p r io r  t o  p la n t in g  th e  t r e e s ,  

a t  a  r a t e  o f  200 pounds o f  Ca p e r  a c r e .

The phosphorous and calcium , added to  the  s o i l  in  a s in g le  a p p lic a ­

t io n ,  and th e  f i r s t  a p p l ic a t io n  o f n itro g e n  and po tassium  were mixed in  

th e  upper I4. in ch es  o f s o i l .  The th re e  subsequent q u a n t i t ie s  o f  n itro g e n  

and potassium  were a p p lie d  to  th e  su rfa c e  o f t h e  s o i l .  The phosphorous 

was su p p lied  by HjPO^, th e  calcium  by CaCOj. The sou rces o f  n itro g e n

and potassium  were th e  same as in  Experim ent I .  The d e ta i l s  o f

Experim ents I I  and I I I  a re  shown in  Tables 57 and 62 .

Experim ent IV was designed  to  determ ine w hether s la s h  p ine se e d lin g s  

would respond d i f f e r e n t ly  to  a tre a tm e n t in  which a  p a r t  o f  th e  n u t r i e n ts  

was mixed in  th e  upper 4  in ch es  o f  s o i l  th a n  to  one i n  which a l l  n u t r i e n ts

were a p p lie d  to  the  s u r fa c e . Also v a r ie d  in  t h i s  experim ent was th e  number

o f a d d itio n s  o f  n itro g e n  and po tassium . E leven and o n e -h a lf  weeks a f t e r  th e  

t r e e s  were p la n te d , boron and manganese were added to  h a l f  o f  th e  p o ts  in  

tre a tm e n ts  23 and 2I4.. Chemicals used were th e  same a s  in  th e  experim ents 

p re v io u s ly  d e sc r ib e d . D e ta ils  a re  shown in  Table 78.

O rig in  o f  S e e d lin g s

In  E xperim en t I ,  s l a s h  p in e  se e d  from  th e  l o t  o f  seed  u sed  in  19k3"~kU 

ex p erim en ts  was u se d . A f te r  6 weeks s to ra g e  i n  m o is t p e a t  m oss, th e  seed  

was sown i n  sand  f l a t s  on Septem ber 3» 19UU* G erm ina tion  began  5 days 

l a t e r ,  b u t  p ro g re s se d  r a t h e r  s lo w ly  d u rin g  th e  f i r s t  10 d a y s . D uring th e
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fo llow ing  week germ in a tio n  was g re a t ly  a c c e le ra te d , and du ring  t h i s  

p e rio d , approx im ate ly  62 p e rc e n t o f th e  t o t a l  germ in a tio n  to o k  p la c e . 

Because o f th e  r a th e r  i r r e g u la r  g e rm in a tio n , only  th o se  se e d lin g s  th a t  

germ inated du rin g  th e  7-day  p e rio d  between September 18 and 21+ were used 

in  th e  experim en t. The s e e d lin g s  were t r a n s f e r r e d  from th e  f l a t s  to  th e  

po ts  on October 1+, a t  which tim e t h e i r  average age was 2 w eeks.

An in ad eq u a te  supp ly  and r e l a t i v e ly  poor ge rm in a tio n  o f  th e  seed 

c o lle c te d  from a s in g le  t r e e  in  th e  f a l l  o f  I 9I4.3 made i t  n ece ssa ry  to  use 

a d i f f e r e n t  lo t  o f seed fo r  Experim ent I I ,  I I I ,  and IV o f  th e  I 9I4I4.-I+5 

s e r ie s .  The seed used in  th e se  experim ents was from th e  191+3 crop , c o l ­

le c te d  from se v e ra l t r e e s .  Due to  a  sh o rtag e  o f seed o f a  s in g le  w eight 

c la s s ,  th e  seed was seg reg a ted  in to  fo u r c la s s e s  w ith  average w eigh ts o f  

32, 35, 38, and 1+1 mg* A fte r  1+ weeks o f  s t r a t i f i c a t i o n  in  m o ist p e a t moss, 

the  seed fo r  Experim ent I I  and I I I  was sown on September 15* S eed lin g s  

f i r s t  appeared above the  su rfa ce  6 days l a t e r .  G erm ination o ccu rred  

ra th e r  uniform ly during  th e  n ex t 12 days a f t e r  which i t  dropped o f f .  

Seedlings which germ inated  during  t h i s  12-day p e rio d  were used  in  th e se  

experim en ts. They were p la n te d  in  th e  s o i l  j a r s  on O ctober 11 and 12> 

a t  which tim e t h e i r  average age was 16 days. The t r e e s  in  th e  f i r s t  and 

second r e p l ic a t io n s  o f  each tre a tm e n t were from  35”mg» seed , th o se  in  th e  

th i r d  r e p l ic a t io n  were from 38-mg. seed , and th o se  in  th e  fo u r th  r e p l ic a ­

t io n  were from 32-mg. seed .

The seed  used in  Experim ent IV was from th e  same l o t  as t h a t  used  

in  Experim ents I I  and I I I .  T rees which germ inated  in  a week’ s tim e from 

35-mg. seed was used  e x c lu s iv e ly . When th e y  were p la n te d  in  th e  s o i l  p o ts  

on O ctober 25 , th e  se e d lin g s  had an average age o f  19 days.
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Temperature and Length o f Day

A therm ographic rec o rd  o f tem pera tu re  was m ain ta in ed  th roughou t 

the  experim en t. The weekly mean, mean maximum, and mean minimum tem per­

a tu re s  were computed in  th e  same manner as in  th e  19h■3'”44  experim ents 

(see  page i | l ) .  S ince th e  p e rio d s  o f  tim e du ring  which th e  fo u r e x p e r i­

ments were in  p ro g ress  d id  n o t c o in c id e , weekly averages were computed fo r  . 

each experim ent. S ince Experim ent IV was i n i t i a t e d  e x a c tly  3 weeks a f t e r  

Experiment I  th e  weekly averages from th e  fo u r th  th rough  th e  tw enty-second  

week o f th e  l a t t e r  experim ent a re  th e  weekly averages fo r  th e  f i r s t  th rough  

the  n in e te e n th  week o f th e  fo rm er. T h ere fo re , mean tem p era tu res  from  th e  

tw e n tie th  th rough  th e  tw en ty -sev en th  week on ly  a re  shown in  Table 8 9 .

The mean weekly le n g th  o f day du rin g  th e  p e rio d  o f each experim ent 

was computed in  th e  same manner as d e sc rib e d  p re v io u s ly  (se e  page 4 1 )•

The tem pera tu re  and le n g th  o f  day d a ta  a re  p re sen te d  in  Tables 

87, 88, and 89 (Appendix)

Only sm all d if f e re n c e s  a re  e v id e n t in  th e  mean w eekly, mean weekly 

maximum, and mean weekly minimum tem p era tu res  du ring  th e  th r e e  experim en ta l 

p e rio d s . The averages a re  a  few degrees h ig h e r fo r  Experim ent IV th a n  

fo r  Experim ents I ,  I I ,  and I I I .  When th e  averages a re  examined week by 

week, g re a te r  d is c re p a n c ie s  a re  e v id e n t . In  Experim ent I ,  th e  h ig h e s t  

tem peratu res occurred  du rin g  th e  f i r s t  3 weeks o f th e  experim en t, and th e  

low est occu rred  about midway in  th e  experim en t. In  Experim ent I I  and I I I ,  

th e  h ig h e s t tem p era tu res  were reco rd ed  d u ring  th e  f i r s t  2 weeks and th e  l a s t  

3 weeks; and th e  lo w est, du ring  th e  e ig h th , n in th ,  and s ix te e n th  weeks.

In  Experim ent IV, tem p era tu res  were low est d u rin g  th e  f i r s t  s e v e ra l weeks, 

and h ig h e s t d u ring  th e  l a s t  8 weeks.

In  a l l  fo u r  experim en ts, the  tre n d  in  mean weekly le n g th  o f  day
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was s im ila r .  The hours o f  d a y lig h t became p ro g re s s iv e ly  s h o r te r  during  

the  f i r s t  8 to  11 weeks* to  be fo llow ed  by no change fo r  5 weeks, a f t e r  

which th e re  was a p ro g re s s iv e  in c re a s e .

The average le n g th  o f  day fo r  Experim ents I ,  I I ,  and I I I  was alm ost 

id e n t i c a l .  The average le n g th  o f day fo r  Experim ent IV was n e a r ly  one- 

h a lf  hour lo n g e r due to  th e  r e l a t i v e ly  long p e rio d s  o f  d a y lig h t during  

the  l a s t  s e v e ra l weeks of t h i s  experim ent.

Rate o f  E vapora tion

Three s e ts  o f L iv in g sto n  b la ck  and w h ite  atm om eters were used 

to  measure r a te  o f  e v ap o ra tio n . One s e t  was p laced  n e a r  each  end, and 

the  t h i r d  s e t  was p laced  about midway between th e  ends o f th e  greenhouse 

bench occupied by th e  s o i l  p o ts  c o n ta in in g  th e  s la s h  p ine  s e e d lin g s . The 

th ree  s e ts  showed so l i t t l e  v a r ia t io n  in  lo s s  o f  w ater t h a t  average r a t e  

o f ev ap o ra tio n  was c a lc u la te d . These va lues a re  shown in  Table 90* 

Experim ent I 

S o il Treatm ent

The prim ary  o b je c t o f  Experim ent I  was to  determ ine th e  e f f e c t  

on s la s h  p ine se e d lin g s  o f  d i f f e r e n t  q u a n t i t ie s  o f  c o l lo id a l  phosphate 

supplem ented by p e r io d ic  a p p l ic a t io n s  o f  n itro g e n  and p o tassium . Seconds 

ary o b je c t iv e s  were to  determ ine w hether a su rfa ce  a p p l ic a t io n  o f c o l lo id a l  

phosphate would a f f e c t  th e  t r e e s  in  th e  same way as an a p p l ic a t io n  in  which 

i t  was mixed in  th e  upper 4  inches o f  th e  s o i l ,  and to  determ ine th e  e x te n t 

o f th e  response  o f the  t r e e s  to  d i f f e r e n t  q u a n t i t ie s  o f  c o l lo id a l  phosphate 

by comparison w ith  u n tre a te d  s o i l  (c h e c k ) . The a n a ly se s  o f  v a rian ce  o f a l l  

t r e e  fe a tu re s  s tu d ie d  a re  based  on th e  four c u l tu re s  which rece iv ed  d i f f e r ­

en t amounts o f  c o llo id a l  phosphate- 0 .5 , 1 .0 , 5*0» and 25»0 to n s  p er a c re -  

mixed in  th e  upper I4. inches o f s o i l .  The s tan d a rd  d e v ia t io n s  secured  from
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th ese  an a ly ses  were used to  compute th e  d if fe re n c e  between tre a tm e n t means 

needed to  be s ig n i f ic a n t  a t  5 find 1 p e rc e n t, and th e  l a t t e r  i s  used in  com­

paring  th e  t r e e s  from th e  fo u r c u ltu re s  r e f e r r e d  to  above as w e ll as the  

t r e e s  from th e  check and th e  su r fa c e -  a p p l ic a t io n  o f  c o l lo id a l  phosphate 

tre a tm e n ts .

The c h a ra c te r  o f th e  s o i l  tre a tm e n ts  i s  shown in  Table i+9.

A nalysis  o f  v a riance  ta b le s  a re  n o t shown in  t h i s  d is c u s s io n  or o th e r 

experim ents o f  th e  lyUU-kd s e r i e s .  The an a ly ses  were handled  in  th e  same 

way as th ose  o f  th e  1^Ltf-kk s e r ie s ,  examples o f  which a r e  found in  th e  

Appendix.

Length o f Stem

The mean le n g th s  o f  stems o f th e  t r e e s  in  each tre a tm e n t in  Experim ent 

I  10, 15, and 20 weeks a f t e r  th e  i n i t i a l  tre a tm e n t a re  shown in  Table 50* 

Stem le n g th s  were m easured a t  5 weeks a ls o ,  b u t so l i t t l e  growth had oc­

curred  during  t h i s  p e rio d  th a t  th e  in c lu s io n  o f th e se  d a ta  d id  n o t seem 

w orthw hile. Throughout the experim ent, a l l  c u ltu re s  c o n ta in in g  c o l lo id a l  

phosphate produced t r e e s  w ith  lo n g e r stems th an  th e  check, b u t th e  d i f ­

fe ren ces  between th e  t r e e s  from a l l  th e  c o l lo id a l  phosphate tre a tm e n ts  and 

the  check were s ig n i f ic a n t  only a t  10 and 15 weeks. S ig n i f ic a n t  d if f e re n c e s  

were m ain ta ined  to  the  end o f th e  experim ent only  between th e  check and 

the c u ltu re  c o n ta in in g  25 tons o f  c o l lo id a l  phosphate . Stem le n g th  o f  th e  

t r e e s  v a rie d  w ith  th e  amount o f  c o l lo id a l  phosphate in  th e  s o i l ,  stem 

len g th s  being  g r e a te s t  in  the  c u ltu re s  c o n ta in in g  th e  l a r g e s t  amounts; bu t 

s ig n if ic a n t  d if f e re n c e s  in  stem le n g th s  occur c h ie f ly  between th e  t r e e s  o f  

th«»se c u ltu re s  w ith  r e l a t iv e ly  wide d if fe re n c e s  in  th e  amount o f  c o l lo id a l  

phosphate. The e x te n t o f s ig n i f ic a n t  d if f e r e n c e s  in  stem le n g th  v a r ie s  

w ith tim e a ls o .  For example, a f t e r  10 and 15 weeks th e  t r e e s  in  th e  25 C. P.



T able U9» —Type and tim e  o f n u t r i e n t  a p p l ic a t io n  in  E xperim ent I ,  19UU-U5

Time o f n u t r ie n t  a p p l ic a t io n
P r io r  to  p la n tin g 5 weeks a f t e r  

p la n tin g
: 10 weeks a f t e r  
s p la n tin g

: 15 weeks a f t e r  
j p la n tin g

Treatm ent
C o llo id a l
phosphate N K20 N K20

s
: N K20

e
•

* N K20
Wo. :  d e s ig n a tio n Tons per ac re Pounds p e r  ac re

1
•
•

1O.5  C. P . 0 .5 15 15 15 15 ; i 5 15 * 15 15

2 *1.0 C. P . 1 . 0* 15* 15* 15 15 : 15 15 s 15 15

3
•

:5  C. P . 5 .0 15 15 15 15 s 15 15 * 15 15

h :25 C. P . 25.0 15 15 15
•

s 13 15 : 15 15

5 sl.O  C. P . (S) 1 . 0** 15**15** 15 13 * 15 15 * 15 15

6 jCheck - - - : -
3

-

* Mixed in  upper I4. in c h e s  o f  s o i l .
** A p p lied  t o  s u r fa c e  o f  s o i l .
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Table 50. —Mean length o f  stem 10, 15, and 20 weeks
a fte r  i n i t i a l  treatm ent, Experiment I ,

I9bh-b5

Time a f t e r  i n i t i a l  tre a tm e n t
t 10 weeks Vy weeks i 20 weeks

Treatm ent : Length of stem  -  mm.
«•

0 . 5  c .  p . s 1 3 . 8
:

1+3*6 : 90 .3

1 .0  C . P .  j 15.U 1+6.6 1 9 6 .5
•

5 C. P . : 17 .5 1+9.1 t 100.5
•

25 C. P . s 19.0 55.1+ * 111.9
•

1.0  C. P . (S ) : II4..6 U2 . 3  ! 96 .1
2

Check : 12.0 3 9 . 0  * 88 .8

Standard :
•

i
d e v ia tio n  : 0 . 6 1.1+ t 1+.5

•

D ifferen ce  b e - : t
tween tre a tm e n t t I
means to  be s ig -  : 2 .10 1+.1+7 : 11+.20
n i f i c a n t  a t  5 and : ••
1 p e rc en t : 3 .02 6.1+3 * 20.1+9

t
F value tre a tm e n t * 12.0^+

:
12.8^+ j 1+.2+

♦ S ig n if ic a n t a t  5 p e rc e n t. 
♦ ♦ S ig n ific an t a t  1 p e rc e n t.
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t re a tm e n t have v e ry  s i g n i f i c a n t l y  lo n g e r  stem s them th o se  i n  th e  0»5 

C. P . and 1 .0  C. P . t r e a tm e n ts ,  b u t  a f t e r  20 weeks th e  d i f f e r e n c e  b e ­

tw een th e  stem  le n g th s  o f  t r e e s  i n  th e  1 .0  C. P . c u l tu r e  and th e  25 

G. P . c u l tu r e  has b een  reduced  from  th e  1 to  th e  5 p e rc e n t l e v e l .  The 

d if fe re n c e  betw een th e  stem  le n g th s  o f  t r e e s  i n  th e  0.5  C. P . t r e a tm e n ts  

was v ery  s i g n i f i c a n t  a t  10 w eeks, s i g n i f i c a n t  a t  15 w eeks, and n o t 

s ig n i f i c a n t  a t  20 w eeks. That th e  e f f e c t  o f  c o l lo id a l  p h o sp h a te  on th e  

stem  grow th o f  th e  s e e d l in g s  d e c re a se s  w ith  t h e  p assage  o f  tim e  i s  i l ­

lu s t r a t e d  a l s o  by th e  f a c t  t h a t  th e  stem s o f  t r e e s  from  th e  O.5 C. P . 

c u l tu re s  w ere 115 and 102 p e r c e n t ,  and th o s e  from  th e  25 C. P. c u l tu r e  

were 158 and 126 p e rc e n t  o f  th e  le n g th  o f  th o s e  from  th e  check  a t  10 and 

20 w eeks, r e s p e c t iv e l y .  Because o f  th e  d e c l in e  in  th e  e f f e c t  o f  th e  

supp lem en ta l n u t r i e n t s ,  i t  i s  obv ious t h a t  ex p erim en ts  o f  to o  s h o r t  d u ra ­

t io n  m ight le a d  to  i n c o r r e c t  c o n c lu s io n s .

The d i f f e r e n c e  i n  th e  stem  le n g th  o f  th e  t r e e s  in  th e  1 .0  C. P . 

and 1 .0  C. P . (S ) t r e a tm e n ts  i s  v e ry  sm a ll th ro u g h o u t th e  e x p e rim en t, 

and a t  no tim e  i s  i t  s i g n i f i c a n t .

Branch Developm ent

The number o f  b ranched  t r e e s  a t  d i f f e r e n t  p e r io d s  o f  tim e a f t e r

th e  i n i t i a l  t r e a tm e n t  i s  shown in  Table 51.- D if fe re n c e s  betw een  t r e a t ­

ments a re  g r e a t e s t  a t  th e  end o f  5 w eeks, th e  o n ly  tim e  t h a t  th e  d i f ­

fe re n c e s  w ere s i g n i f i c a n t .  The 25 C. P . c u l tu r e  had p roduced  s i g n i f i c a n t ­

ly  more b ranched  t r e e s  th a n  th e  0 .5  C. P . and 1 .0  C. P . c u l tu r e s ,  and 

very  s i g n i f i c a n t l y  more th a n  th e  5 0 . P . and check c u l tu r e s  a t  t h e  end o f  

5 Weeks. The 5 C. P . t r e a tm e n t i s  o u t o f  l i n e  w ith  th e  t r e n d  o f  th e  c u l tu r e s  

c o n ta in in g  s m a lle r  amounts o f  c o l lo id a l  p h o sp h a te  a t  t h i s  tim e  b u t was 

more in  l i n e  a f t e r  8 weeks and su b seq u en t p e r io d s .  A lthough  th e  check 

c u l tu r e  produced few er b ranched  t r e e s  th ro u g h o u t th e  ex p erim en t th a n  th e
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Table 51* —Number o f branched tr e e s  5» 8* 10, 15, and
20 weeks a f t e r  i n i t i a l  treatm ent, Experiment I

19UU-U5

: Time a f t e r  i n i t i a l  tre a tm e n t
5 weeks : 6 weeks 10 week's I'y weeks 20 weeks

T rea tm ent : B ranched t r e e s  -  p e rc e n t o f t o t a l

0 .5  c .p . 20.0 6 7 .5 87 .5 9 7 .5 9 7 .5

1.0 C .P . s 22.5 80 .0 92 .5 95 .0 95 .0

5 C.P. : 10.0 7 7 .5 92 .5 95 .0 95 .0

25 C.P. 50«o 90 .0 9 5 .0 95 .0 95 .0

1,0  C.P.(S): 27.5 7 7 .5 85 .0 92 .5 9 2 .5

Check : 7-5 55.0 70.0 80.0 80 .0

S tan d ard  : 
d e v ia t io n  : 7 .2 k .k 3 .2 - -

D iffe re n c e  : 
between i 
t re a tm e n t j 
means to  b e : 22.9
s i g n i f i c a n t :  
a t  5 and 1 : 
p e rc e n t : 33.0
F v a lu e  : 
t re a tm e n t : U.09* 2 .32 0 .05 -

♦ S ig n if ic a n t a t  5 p e rc e n t .
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o th e r  c u l tu r e s ,  th e  d i f f e r e n c e s  betw een i t  and o th e r  c u l tu r e s  w ere n o t 

s i g n i f i c a n t .  More th a n  90 p e rc e n t o f th e  t r e e s  in  a l l  c o l lo id a l  pho sp h ate  

tre a tm e n ts  w ere b ranched  a f t e r  15 weeks ( F ig s .  10 and 1 1 ).

The mean numbers o f  b ra n c h e s  p e r  t r e e  p roduced  i n  th e  v a r io u s  c u l tu r e s  

in  E xperim ent I  a r e  p re s e n te d  in  T able 5 2 . A lthough th e r e  w ere d i f f e r e n c e s  

betw een tr e a tm e n ts  i n  th e  number o f  b ra n c h e s  p e r t r e e ,  s i g n i f i c a n t  d i f f e r ­

ences e x i s te d  o n ly  a t  8 and 10 w eeks. At 8 w eeks, th e  mean number o f  

b ranches p e r  t r e e  in  th e  25 C. P . c u l tu r e  i s  v e ry  s i g n i f i c a n t l y  g r e a t e r  th a n  

t h a t  in  th e  0.5  C. P . c u l tu r e  and th e  check , and s i g n i f i c a n t l y  g r e a t e r  th a n  

th a t  in  a l l  o th e r  t r e a tm e n ts .  A t 10 w eeks, th e  mean number o f ' hcanohes per 

t r e e  in  th e  25 C. P . c u l tu r e  i s  v e ry  s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  in

th e  0.5  C. P . ,  1 .0  C. (S ) ,  and check  c u l tu r e s  and s i g n i f i c a n t l y  g r e a t e r
*

th a n  th a t  in  th e  1 .0  C. P . and 5 C. P . c u l tu r e s .  Only th e  0.5  C. P . c u l tu r e  

d id  n o t have t r e e s  w ith  s i g n i f i c a n t l y  more b ran ch e s  p e r  t r e e  th a n  th e  check  

c u l tu r e  a t  8 w eeks. Two weeks l a t e r ,  in  a l l  c o l lo id a l  p h o sp h a te  t r e a t ­

m ents, th e  mean number o f  b ran ch e s  p e r  t r e e  was v e ry  s i g n i f i c a n t l y  g r e a t ­

e r  th a n  th a t  in  th e  check  c u l tu r e .  D uring  th e  n e x t 5 weeks s i g n i f i c a n t  

d if f e re n c e s  d is a p p e a re d  betw een th e  fo u r  t r e a tm e n ts  t o  w hich  th e  a n a ly s i s  

o f  v a r ia n c e  was a p p l ie d .  The t r e e s  in  a l l  fo u r  o f  th e s e  c u l tu r e s  had 

e i th e r  s i g n i f i c a n t l y  o r  v e ry  s i g n i f i c a n t l y  more b ra n c h e s  th a n  th o s e  i n  

th e  check c u l tu r e  a t  15 a s  w e ll a s  a t  20 w eeks.

D iam eter o f  Stem

Mean stem  d ia m e te rs  o f  t r e e s  i n  d i f f e r e n t  c u l tu r e s  a t  th e  end o f  

th e  experim en t a r e  p re s e n te d  in  T ab le  53* The r a t e  o f  a p p l ic a t io n  o f  

c o l lo id a l  p h o sp h a te  p roduced  v e ry  s i g n i f i c a n t  d i f f e r e n c e s  i n  stem  diam e­

t e r .  Mean d ia m e te r  in c re iased  w ith  an in c re a s e  i n  th e  amount o f  s o i l  amend­

ment u se d . The mean stem  d ia m e te rs  o f  t r e e s  in  th e  1 .0  C. P . ,  5 C. P . ,  «rid
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Table 52. —Mean number o f branches per t r e e ,  8 , 10, 15, and
20 weeks a fte r  i n i t i a l  treatm ent, Experiment I ,

I9I4J4.-I4.5

Time a f t e r  i n i t i a l  tre a tm e n t
weeks * 10 weeks 15 weeks 20 weeks

Treatment Branches p e r ;re e  -  number

0 .5  c .p . 1 .32
t

s 2.h0 3-U5 3.50

1.0 C .P. 1 .92 : 2 .72 3.70 3.70

5 C.P. 1.80
s
: 2 .62 3.80 3.80

25 C .P. 2.75
1

* 3-60 U.32 U.32

1.0  C .P. (S) 1 .72 * 2.27 2.88 2.88

Check 0 .8 2
9

i 1.1+2 2.10 2.12

Standard
d e v ia tio n 0.2i*

a ■
•

i 0 .20 O.3U O.3U

D ifference  be­
tween t r e a t ­
ment means to  
be s ig n if ic a n t 0 .76

s
:
t

:
: 0 .6 5 am

a t  5 and 1 
percen t 1 .09 »  0 . 9U - -

F value - 
trea tm en t 6.2^*

t
t  6 .63* 1 . 1U

♦ S ig n if ic a n t a t  5 p e rc e n t.
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Table 53* "Mean stem diameter o f tr e e s  rece iv in g  d if fe r e n t
treatm ents in  Experiment I ,  19UU-U5

t :
: D iam eter o f  i

T rea tm en ts
tr e a tm e n ts

s u p e r io r  to  
in  column 1

T rea tm en t s s tem - mm. t a t  3% s a t  1%

0 . 5  C. P.
: :
i U«2lj. * 
: :

•
8 1 .0  C.P.
s 5 c . p . ,  25 c .p .

1.0 C. P. : U.l+8 j
S
8 25 C .p .

5 c .  P .
: s 
3 U.5U i

3
8 25 C.p.

25 C. P .
: * 
: :

•
••

1 . 0  C. P . ( s ) s k»3k s' 5 C. P. 8 25 C.P.-

Check : 3 .9 9  s 3 A ll  o th e rs

S tandard
d e v ia t io n

: •
: s 
s 0.05  s

3
•«
3

D iffe re n c e  betw een 
tre a tm e n t means t o  be 
s ig n i f i c a n t  a t  5 and 1 
p e rc e n t

3 S

: 0 . 1 6  : 
: : 
3 0 . 2 3  •

•

3
••
3

F v a lu e  tre a tm e n t
t :
s 2U.38++ 3

3
3

♦♦ S ign ifican t a t  1 peroen t.
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25 C. P . c u ltu re s  were very  s ig n i f i c a n t ly  la r g e r  th a n  th o se  in  th e  0 .5  

C. P. tre a tm e n t; and th o se  in  th e  25 C. P . c u ltu re  were very  s ig n i f ic a n t ly  

la rg e r  th a n  th o se  i n  th e  1 .0  C. P . and 5- C. P . c u l tu r e s .  The mean stem 

d iam eters o f  t r e e s  in  a l l  c o l lo id a l  phosphate tre a tm e n ts  were very  s ig n i ­

f ic a n t ly  la rg e r  th a n  th o se  o f  th e  check tre a tm e n t (F ig s . 10 and 1 1 ) .

Stem d iam eters  o f  t r e e s  in  th e  1 .0  C. P. (S) tre a tm e n t were exceeded 

s ig n i f ic a n t ly  by th o se  o f th e  5 C. P . and 25 C. P. t r e a tm e n ts .  The mean 

stem d iam eter o f th e  t r e e s  grown in  th e  o n e -to n  s u r fa c e -a p p lie d  c o l lo id a l  

phosphate c u ltu re  was n o t s ig n i f i c a n t ly  d i f f e r e n t  from t h a t  o f  th e  t r e e s  

grown in  th e  c u ltu re  in  which th e  o n e -to n  a p p l ic a t io n  o f c o l lo id a l  phos­

phate had been mixed in  th e  upper 4  inches o f  s o i l .

Dry W eight o f  Shoot, R oot, and E n t i r e  T ree, 
and Root-Shoot R atio

The mean w eigh ts o f  th e  sh o o t, r o o t ,  and e n t i r e  t r e e  and th e  ro o t-  

shoot r a t io s  o f  t r e e s  produced by th e  v a rio u s  c u l tu r e s  a re  shown in  T ables 

54*  55*  and 56 .  Comparisons o f th e  t r e e s  from th e  d i f f e r e n t  c u ltu re s  

a re  shown a lso  in  th e se  t a b l e s .  Small w eigh t in c re a s e s  a re  e v id e n t in  

th e  sh o o t, ro o t ,  and e n t i r e  t r e e  w ith  each in c re a se  in  th e  amount o f  

c o l lo id a l  phosphate in  th e  c u l tu r e .  The in c re a s e s  in  w eigh t a re  n o t 

p ro p o r tio n a l to  th e  in c re a s e s  in  th e  amount o f c o l lo id a l  phosphate in  th e  

c u l tu re s .  The g r e a te s t  r e l a t iv e  in c re a se  in  w eigh t o f  shoo t and e n t i r e  

t r e e  occurs w ith  an in c re a se  o f on ly  0 .5  to n  betw een th e  0 . 5-  and 1 . 0- to n  

le v e ls ,  which r e s u l t s  in  10 p e rc e n t in c re a se  in  shoo t w eigh t and a  7 p e rc en t 

in c re a se  in  w eight o f  e n t i r e  t r e e .  An a d d it io n  o f  20 to n s  o f  c o l lo id a l  

phosphate, in c re a s in g  th e  t o t a l  q u a n tity  from  5 to  25 to n s , r e s u l t s  in  an

18 p e rc en t in c re a se  in  shoo t w eigh t and a  15 p e rc e n t in c re a se  in  w eigh t o f  

e n t i r e  t r e e .  The d e f in i t e  s u p e r io r i ty  in  w eigh t o f  sh o o t, r o o t ,  and e n t i r e
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Table 5U» —Mean shoot weight and comparison o f th ese
w eights by treatm ents, Experiment I

191*U-J+5

« •  
•  •

: W eight o f  :
T rea tm en ts
tr e a tm e n ts

s u p e r io r  to  
in  column 1

T reatm ent : s h o o t - g r .  : a t  5% :  a t  1i»

0 . 5  c .  p .
: : 
: 1 .51 : 5 C. P . j 2 5  C. P .

1.0 G. P. s 1.66 s 2 5  C. P.

5 c.  p. s l . ? 6 *  2 5  C. P .

25 c .  P . : 2.07 s s

1.0 C. P. ( s ) i  1 . 6 0  * :  25 C. P.

Check i  l.l-jl i 1 .0  C. P . j 5  C .P ., 2 5  C .P .

S tandard
d e v ia t io n

t t

: 0 .07  :

•
e

D iffe re n c e  betw een 
tre a tm e n t means t o  be 
s ig n i f i c a n t  a t  5 and  1  
p e rc e n t

j  1

> 0 . 2 2  t  

:  :  

*  0 . 3 1  :

•

<

:

j

P v a lu e  t r e a tm e n t :  t
:  12.05** *

t

:

♦♦S ign ifican t a t 1 p ercen t.
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Table 55. --Mean root weight and comparison o f  th ese w eights
by treatm ents, Experiment I ,  191+1+-1+5

: :
t Weight o f :

ire a tm e n ts
tre a tm e n ts

s u p e r io r  to  
in  column 1

Treatm ent t r o o t - g r .  t a t  j/o * a t  l i

0 .5  C. P.
: i
: 1.27 s 5  c .  p .

t
s 25 C. P .

1.0 C . P . s 1.29 : 5 c .  p . : 25 C. P.

5 C. P. s 1.U7 s 25 C. P.
•

25 C. P. : 1.69 J

•
••

1 . 0  C. P . ( s ) s 1.1+5 : 1.0 C. P.
«
t 25 C. P .

Check
) •
: 1.19 *
e • • •

I
s 1 .0  C. P . (S)
* 5  c . p . ,  2 5  c .p .

S tandard
d e v ia tio n

• • 
• •
1 0 .05  S

1
I
••

D ifference  between 
trea tm en t means to  be 
s ig n if ic a n t  a t  5 and 1 
percen t

I • 
• •
s 0 .16  i 
• •
i 0 . 2I+ !

S
••

3

F v a lu e ' tre a tm e n t
: : 
: 11+.3** »

3

3

♦♦S ign ifican t a t 1 percent
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Table 56. --Mean w eight o f  e n t i r e  t r e e ,  ro o t- sh o o t
r a t i o ,  and com parison o f w eigh ts by t r e a t ­
m ents, Experim ent I ,  1914+-U5

s W eight o f  3 
3 e n t i r e  3

Treatm ents
tre a tm e n ts

s u p e r io r  to  3 
in  column 1 3 R oot-shoot

Treatm ent 3 t r e e  -g r .3 a t a t  1fo 3 r a t i o

0 . 5  c .  P . s 2.78 3
3

5 c .p .  3
2 5  C .P . 3

0.8U

1.0  C. P . 3 2 .95  3 5 c . p . 2 5  C .p . S 0 .78

5  C. P. s 3 .23  s
1

25 C .p . 8 0.81+

2 5  C. P . 3 3 .76  3
•

• 0 .8 2

1 . 0  C. P . ( s ) 3 3 .05  3
•

25 C .P. 3
1 .0  C .P . 3

0 .91

Check 3 2 . 6 0  3 1.0C .P.(S)| 
5C .P ., 25c-.P1

0 .8 5

Standard
d e v ia tio n 3 0 . 0 7  3

3
3 0 . 0 U

D ifferen ce  between 
trea tm en t means to  
be s ig n i f ic a n t  a t  5 
and 1 p e rcen t

3 0.21+ 3
3 0.3U 3

3

3
3

F value  trea tm en t 3 3 7 .2 * *  3
8
•• 0 .20

♦ ♦ S ig n ific a n t a t  1 p e rc e n t.
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t r e e  o f  t r e e s  in  th e  25~ ton c o l lo id a l  phosphate tre a tm e n t i s  e v id en t in  

Tables 5k> 55> T rees from t h i s  tre a tm e n t were very  s ig n i f i c a n t ­

ly  h e av ie r  in  a l l  w eigh t f e a tu re s  to  t r e e s  from a l l  ex cep t one c u ltu re  

co n ta in in g  sm a lle r  q u a n t i t ie s  o f  c o l lo id a l  phosphate , and in  t h i s  one case 

(ro o t w eigh t o f t r e e s  i n  th e  5 C. P . c u l tu re )  th e  ro o ts  were s ig n i f i c a n t ly  

h eav ier (F ig s . 10 and 1 1 ). The 5“to n  tre a tm e n t produced t r e e s  o f  s i g n i f i ­

c an tly  g r e a te r  top  and ro o t  w eight and o f v e ry  s ig n i f i c a n t ly  g re a te r  t o t a l  

w eight th an  th e  0 .5 - to n  tre a tm e n t, and o f s ig n i f i c a n t ly  g r e a te r  ro o t  and 

t o t a l  w eigh t th an  th e  1 .0 - to n  tre a tm e n t.

The d if f e r e n c e s  in  a l l  w eight f e a tu re s  betw een th e  t r e e s  from th e  cheok 

c u ltu re  and th e  5 C. P . and 25 C. P . c u l tu re s  a re  very  s ig n i f i c a n t .  In  no 

in s ta n ce  were t r e e s  o f  th e  0 .5  C. P . tre a tm e n t s ig n i f i c a n t ly  h e av ie r  th a n  

t r e e s  o f  th e  check c u l tu r e .  The t r e e s  o f  th e  1 .0  C. P. c u l tu re s  a re  s ig ­

n i f i c a n t ly  s u p e r io r  in  shoo t w eigh t and v e ry  s ig n i f i c a n t ly  su p e r io r  in  

to t a l  w e ig h t, and th o se  o f  1 .0  C. P. (S) tre a tm e n t a re  ve ry  s ig n i f i c a n t ly  

su p erio r in  ro o t  and t o t a l  w eigh t to  t r e e s  o f  th e  check c u l tu r e .

There i s  no s ig n i f ic a n t  d if f e re n c e  in  any o f  th e  w eigh t c a te g o r ie s  

between th e  t r e e s  o f  th e  two d i f f e r e n t  1 -to n  c o l lo id a l  phosphate tre a tm e n ts .

S ig n i f ic a n t  d if f e r e n c e s  in  ro o t- sh o o t r a t i o  do n o t e x i s t  between 

the  t r e e s  o f any o f th e  tre a tm e n ts .



-  129 -

Summary o f R e su lts

S lash  p ine  se e d lin g s  responded to  s o i l  tre a tm e n ts  in v o lv in g  c o l lo id a l  

phosphate a p p l ic a t io n s  rang ing  from 0 .5  to  25 to n s  p e r a c re . The amount 

o f response v a rie d  w ith  th e  amount o f  c o l lo id a l  phosphate used and w ith  

d i f f e r e n t  t r e e  c h a r a c te r i s t i c s ,  and was n o t always s ig n i f i c a n t .  Only th e  

25- to n  c u ltu re  caused enough response  in  stem growth to  y ie ld  a s ig n i ­

f ic a n t  d if fe re n c e  in  stem le n g th  a t  th e  end o f  th e  experim ent between i t  

and a l l  except th e  5"'kon tre a tm e n t.  The d if fe re n c e  in  stem le n g th  betw een 

t re e s  in  th e  5- to n  and 25- to n  c u ltu re s  d id  n o t f a l l  f a r  s h o r t  o f  being  

s ig n i f ic a n t ,  however.

In  b ranch  developm ent, t r e e s  in  th e  25- to n  c u ltu re  took  th e  lead  

im m ediately. At 8 weeks, t h i s  c u ltu re  had produced s ig n i f i c a n t ly  more 

branched t r e e s  and s ig n i f i c a n t ly  more branches p e r t r e e  th an  any o th e r 

c u ltu re . I t  m ain ta ined  t h i s  advantage in  number o f  branched t r e e s  a t  10 

weeks, b u t had lo s t  i t  by 15 w eeks. At th e  end o f th e  experim en t, a l l  

trea tm en ts  had produced a h igh  p e rc e n t o f  branched t r e e s  and a la rg e  number 

o f branches p e r t r e e .  In  th e  l a s t  f e a tu re  a l l  c o l lo id a l  phosphate c u l tu re s  

surpassed  th e  check c u l tu r e ,  a lth o u g h  no t s ig n i f ic a n t ly ,  and th e  25 C. P . 

c u ltu re  ranked h ig h e s t .

D iffe ren ces  in  stem d iam eter and t o t a l  w eight were r a th e r  c o n s is te n t ­

ly  r e la te d  to  th e  amount o f  c o l lo id a l  phosphate added to  th e  s o i l .  As th e  

amount o f t h i s  m a te r ia l  was in c re a se d , d iam eter o f  the  stem and w eight o f 

t r e e  in c re a se d , a lth o u g h  n o t p ro p o r t io n a te ly . The t r e e s  in  th e  25- to n  

c u ltu re  had s ig n i f i c a n t ly  la rg e r  stems and g re a te r  w eigh ts th an  th ose  in  a l l  

o th e r c u l tu r e s .

R oo t-shoo t r a t i o  was n o t s ig n i f i c a n t ly  a f fe c te d  by amount o f  c o l lo id a l
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phosphate in  th e  c u l tu r e .

The 2 5 -to n  tre a tm e n t produced th e  b e s t  t r e e s  b u t in  many re sp e c ts  

t r e e s  from t h i s  c u ltu re  were n o t s ig n i f i c a n t ly  su p e r io r  to  th o se  from th e  

5 -ton  c u l tu r e .

C o llo id a l phosphate ap p lie d  to  th e  su rfa ce  o f  th e  s o i l  a t  a r a te  of 

1 ton  per acre  produced about the  same e f f e c t  on th e  t r e e s  as th e  same 

q u a n tity  o f t h i s  m a te r ia l  mixed in  th e  upper ij. in ch es  o f  s o i l .

When the  t r e e s  were ra te d  by th e  com posite t r e e  index  s c a le ,  (s e e  

Table i+8) va lues o f 1+.2, 6 .8 , 8 .2 ,  1 1 .3» and 8 .3  were secured  fo r  t r e e s  

in  th e  0*5 C. P . ,  1 .0  C. P . ,  5 0. P . ,  25 0. P . ,  and 1*0 C. P . (S) t r e a t*  

m ants, r e s p e c t iv e ly .  The value o f 11.3 fo r  th e  25 C. P . c u ltu re  i s  com­

p a rab le  to  th e  11 .0  fo r  th e  20 C. P. +(l+x)l5NK c u ltu re  o f th e  19i+3-i4ij. 

experim ent.



-  131 -

Experim ent I I

The an a ly ses  o f  v a rian ce  o f  a l l  t r e e  c h a r a c te r i s t i c s  in  t h i s  experim ent 

are based  on th e  s ix  c u ltu re s  in v o lv in g  d i f f e r e n t  q u a n t i t ie s  o f  P2O5 ranging 

from 0 to  2*80 pounds p er a c re .

S o il Treatm ents

The c h a ra c te r  o f th e  s o i l  tre a tm e n ts  i s  shown in  Table 57*

Length o f Stem

Mean le n g th s  o f  stems a t  th re e  5-week in te r v a ls  f o r  t r e e s  in  each 

trea tm en t a re  p re sen te d  in  Table 58* D iffe re n c es  in  stem  le n g th  between 

t r e e s  in  v a rio u s  tre a tm e n ts  a re  ve ry  sm all and n o t s ig n i f ic a n t  a t  any tim e 

in  the  experim en t. No tre n d  i s  even in d ic a te d .  Only one tre a tm e n t p ro ­

duced t r e e s  w ith  lo n g e r stems th a n  the  check, b u t th e  d if fe re n c e  in  stem 

len g th  betw een t r e e s  o f th e se  two c u l tu re s  was never more th an  7 p e rc e n t.

I t  i s  notew orthy th a t  the  v a rio u s  tre a tm e n ts  m ain ta ined  t h e i r  r e l a t i v e  

p o s itio n s  in  stem le n g th  th roughou t th e  experim en t, t h a t  i s ,  th e  tre a tm e n t 

which ranked low est a t  10 weeks h e ld  th e  same p o s i t io n  a t  15 and 20 weeks, 

and th e  one which ranked h ig h e s t a t  10 weeks h e ld  t h a t  p o s i t io n  a t  15 and 20 

weeks.

In c re a s in g  th e  amount o f phosphorous in  th e  s o i l  d id  n o t a f f e c t  stem 

growth (F ig s . 12 and 13) •

Branch Development

Branch development as exp ressed  by number o f  branched t r e e s  and number 

o f  branches p e r t r e e  i s  shown in  Tables 59 and 6 0 . D iffe re n c es  between 

c u ltu re s  in  number o f  branched t r e e s  a re  e v id en t th roughou t th e  experim ent, 

th e se  d if fe re n c e s  becoming p ro g re s s iv e ly  more pronounced from th e  f i f t h  to  

the  f i f t e e n th  week, th e  d if fe re n c e s  being  s ig n i f ic a n t  a t  15 w eeks. At t h a t  

time th e  2I+0P c u l tu re  had produced very s ig n i f i c a n t ly  more branched t r e e s
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Table 57• —Type and tim e of nu trien t
a p p lica tio n  in Experiment I I ,

19W+-1+5

t
:

Treatm ent t

A pplied p r io r  t o  
p la n tin g

. v._ P2 0 5  _______
Wo.

7
: D esig n a tio n  i 
: 30P t

Pounds p e r a c re  
30

8
: s
s 60P t 6 0

9
: :
s 120P 1 120

.10 s 2L+0P * 2*4.0

11'
$ 3
J 1+80P : 1+80

12
3 3
t Check t -

Table 58. —Mean le n g th  o f stem 10, 15, and 20 
weeks a f t e r  i n i t i a l  tre a tm e n t, 
Experim ent I I ,  191+1+-1+5

t . Time a f te r  i n i t i a l  tre a tm e n t
t 10 weeks : 15 weeks * 20 weeks

Treatm ent » Length o f stem -  mm•

30P * II4..5 t
•

51.0 I 10I+.0

60P t H+.2 s 1+8 .5  : 95 .8

120P s 11+.5 :
3

50.0  1 101.8

21+0P
S >

* 13 .5  * 1+6 . 1+ : 9 0 .5

1+80P
3 3 

:  16.5  t 51+.3 * 106.7

Check : 15 .2  t 52 .6  : 106 .1+

Standard
d e v ia tio n

3 3 

3 3

: 0 .9  :

3

3
2.8  : 5 .6

P value 
trea tm en t t 1 . 11+ :

t
1 .13 : .........A -3 3
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than  th a  60P c u l tu re  and s ig n i f ic a n t ly  more th an  th a  check c u l tu r e .  The 

I4.8OP c u ltu re  had produced s ig n i f ic a n t ly  more branched t r e e s  th a n  th e  60P 

c u l tu re .  There appears to  be a tendency tow ard a g rad u a l in c re a se  in  

number o f  branched t r e e s  w ith  an in c re a se  in  th e  amount o f phosphorous in  

th e  c u ltu re  up to  2I4O pounds o f P2O5 , a f t e r  which th e re  i s  a d rop . This 

tre n d  i s  somewhat confused , however, by th e  b ehav io r o f th e  t r e e s  in  th e  

60P c u l tu re .

D iffe ren ces  in  number o f b ranches p e r t r e e  between th e  f iv e  tre a tm e n ts  

were a t  no tim e s ig n i f i c a n t ,  but came n e a re s t  to  being  so in  th e  e a r l i e r  

s tag es  o f th e  experim ent (see  F v a lu e s , Table 6 0 ) . The h e a v ie r  a p p lic a ­

t io n s  o f phosphorous ten d ed  to  s t im u la te  b ran ch in g , bu t as tim e e lap se d , th e  

t re e s  in  th e  c u ltu re s  re c e iv in g  l i g h t e r  a p p l ic a t io n s  reco v ered  from t h e i r  

e a r ly  d isad v an tag e . Trees in  a l l  c u l tu re s  re c e iv in g  supplem entary  phos­

phorous had more b ranches p e r t r e e  th a n  th o se  in  th e  check c u ltu re  a t  th e  

end o f th e  experim ent, b u t d if f e r e n c e s  between tre a tm e n ts  were n o t s ig n i ­

f ic a n t .

Stem D iam eter, Dry W eights, and 
Root-Top R a tio s

The mean stem d iam eter, dry w e ig h ts , and ro o t- to p  r a t i o  o f t r e e s  

in  each tre a tm e n t o f  Experim ent I I  a re  shown in  Table 6 1 . D iffe re n c es  be­

tween tre a tm e n t means in  a l l  f iv e  c a te g o r ie s  in c lu d ed  in  Table 6 l  a re  sm all, 

and in  no case a re  they  s ig n i f i c a n t .  A lthough in  stem d iam eter and th e  th re e  

w eight c a te g o r ie s  th e  I4.8OP c u ltu re  y ie ld e d  t r e e s  su p e r io r  to  th o se  in  th e  

o th e r phosphorous c u l tu r e s ,  on ly  in  d iam eter i s  a c o n s is te n t  t r e n d  in  th e  

values e v id e n t, th e  d iam eters showing a g rad u a l in c re a se  w ith  in c re a se s  o f  

phosphorous in  th e  c u l tu r e .  However a s ig n i f ic a n t  d if f e re n c e  in  d iam eter 

does n o t e x i s t  between any two tre a tm e n ts  means.
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Table 59. --Number o f branched tr e e s  5. 8* 10* 15» and 20
weeks a f te r  i n i t i a l  treatm ent, Experiment I I ,

1944-45

t Time a f t e r i n i t i a l  t r e a tm e n t
t 5? weeks : 8 weeks : 10 weeks : 15 weeks : 20 weeks

T reatm ent : B ranched t r e e s  -  p e rc e n t o f t o t a l
:

30P : 5-0
:  :
:  22 .5  : 22 .5

:

: 27 .5  * 30 .0

6op j 0 .0
I  I

1 2 .5  : 12 .5 : 12 .5  : 20.0

120P : 2 .5
I  t 

:  15.0  : 20.0
•

: 3 2 .5  : 37 .5
•

• 240P : 2 .5 : 45*0 : 45*0
:

: 4 7 .5  * 4 7 .5

480P : 5 .0 «  3 2 .5  i 32 .5
•

: 37 .5  : 37.5
•

Cheok : 5.0 :  17 .5  * 20.0 : 22.5  : 30 .0
:

S tan d ard  :
* 3  

:  : : 3

d e v ia t io n  t 5 *2 :  7 .8  : 7 .8 : 7 .0  : 7 .2
i

D iffe re n c e  :

:  :  

:  :

:

: :

betw een : :  : : :
tre a tm e n t i : : : :
means to  b e : :  : •

• 21 .6  :
s i g n i f i c a n t : : : •

• :
a t  5 1 * : : :
p e rc e n t : : : : 30 .3  *
F v a lu e  : 
tre a tm e n t : 0 .43 :  2.60  : 2.57

:
•
•

:

3.41* : 1.98

♦ S ig n if ic a n t a t  5 p e rc en t
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Table 60 . —Mean number o f branches per tr e e  8 , 10, 15»
and 20 weeks a f te r  i n i t i a l  treatm ent, Ex­
periment I I ,  191+1+4+5.

t Time a f t e r  i n i t i a l  t r e a tm e n t
8 weeks t 10 weeks : 15 weeks 1 20 weeks

Treatment Branches p e r t r e e -  number

30P 0 .2 5
j :
s 0 .5 5  ,

•
0 .68  1 1 .05

60P 0 .1 2 t 0 .30  , O.6 5  * 0 .8 5

120P 0.15 s 0.30  , 0 .5 2  s 1.00

21+OP 0.1+5 s 0 .70  : 0 .78  : 0 .78

1+80P 0 . 1+2 t 0 .7 2  J 0 .90  : 1 .0 2

Check 0 .2 5 * O.38  J 0 .5 2  s 0.68

Standard d e v ia tio n 0 .1 2 i 0 . 11+ : 0 .1 9  * 0 . 21+

F value tre a tm e n t 1.1+1+
: : 
s 1 .89  *

t

0 .1+8 t 0 .2 5

Table 6l . —Mean stem d iam e te r , 
r a t i o  in  Experim ent

d ry  w eig h t, and
I I ,  191+1+4+5

ro o t-sh o o t

Diameter : Dry w eigh t
of stem : Shoot : Root t T o ta l t Root-Shooi

Treatment mm. •0 grams R atio

30P 3.5U
t
t 1 .29

1 t
: 0 . 7I+ t 2.03  * 0 .5 7

6op 3.58 : 1.16 s 0 .7 2  J 1.88 t 0 .6 2

120P 3-61+
•
: 1 .25 : 0 .78  s 2.03  j 0 .6 2

21+0P 3 .65
•
> 1 .19

• t
t 0 .7 6  : 1 .95  * 0 . 6I+

1+80P 3.70 * 1 .33
« •
: 0 .8 2  * 2 .15  : 0 .6 2

Check 3 .56 t 1 .26
• •
: 0 .75  : 2.01 : 0 .6 0

Standard
d e v ia tio n 0 .07

•
i
: 0 .07

t J 
: 0.01+ j 0 .1 2  I 0 .03

A1' value 
trea tm en t 0 .73

:
s 0 .8 2

1 t 
s 1 .07 s 0.51+ * 0.1+1+
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Summary o f  R e s u l ts

Varying th e  amount o f  P2O5 in  th e  s o i l  c u l tu re s  from 30 to  i|B0 pounds 

had l i t t l e  e f f e c t  on young s la s h  p ine  s e e d lin g s . Only in  one t r e e  c h a ra c te r ­

i s t i c -  number o f  branched t r e e s -  was th e re  a tem porary  s ig n i f ic a n t  d i f f e r ­

ence. Stem d iam eter showed th e  most c o n s is te n t  r e la t io n s h ip  to  th e  amount 

o f phosphorous in  th e  c u l tu r e s ,  stem  d iam eter in c re a s in g  w ith  in c re a se s  

in  q u a n tity  o f  phosphorous. However, th e  in c re a s e s  in  d iam eter a re  n o t 

p ro p o r tio n a l to  th e  in c re a se d  in  phosphorous, and th e  d if f e r e n c e s  in  stem  

diam eter between t r e e s  in  d i f f e r e n t 't r e a tm e n ts  a re  n o t s ig n i f i c a n t .

S la sh  p ine  se e d lin g s  f a i l e d  to  respond  to  v a ry in g  amounts o f  phos­

phorous a lo n e . R ated by th e  com posite t r e e  index  s c a le ,  th e  30P, 60P,

120P, 21+OP, and 1+80P c u ltu re s  have v a lu es  o f - 0 .2 ,  - 0 .3 ,  0 ,6 , 0 .2 ,  and 

1 . 5 , r e s p e c t iv e ly .
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E xperim ent I I I  

S o i l  T rea tm en t

The type and tim e o f n u t r i e n t  a p p l ic a t io n  in  each tre a tm e n t i s  shown 

in  Table 62 .

The an a ly se s  o f  v a ria n ce  a re  based on th e  tw elve tre a tm e n ts  in v o lv ­

ing th e  use o f  v a rio u s  q u a n t i t ie s  o f  P2O5 w ith  and w ith o u t uniform  amounts 

o f  o th e r  n u t r i e n t  e lem en ts . The tre a tm e n t e f f e c t  can be broken down in to  

th re e  p a rts*  ( 1 ) e f f e c t 'o f  v a ry in g  q u a n t i t ie s  o f  P2O5 in  t re a tm e n ts ;

(2 ) e f f e c t  o f  d i f f e r e n t  n u t r i e n t  e lem ents used in  com bination w ith  phos­

phorous; and ( 3 ) th e  e f f e c t  o f  the  in te r a c t io n  between th e  q u a n ti ty  o f 

phosphorous and th e  n u t r i e n ts  used in  com bination w ith  i t .  These th re e  

c a te g o rie s  a re  r e f e r r e d  to  in  th e  ta b le s  and te x t  as " r a te ’*, ’’com bination” , 

and ’’r a t e  x com bination” , r e s p e c t iv e ly .

The mean v a lues o f  d i f f e r e n t  c h a r a c te r i s t i c s  o f  th e  t r e e s  in  th e  check 

trea tm en t a re  shown in  a l l  t a b le s  f o r  com parative p u rp o ses.

Length o f Stem

The mean le n g th s  o f  stem s o f t r e e s  a t  d i f f e r e n t  p e rio d s  o f  tim e a f t e r  

th e  i n i t i a l  tre a tm e n t a re  p re sen te d  in  Table 63 . As shown i n  th e  t a b l e ,  

th e re  were no s ig n i f ic a n t  d if f e r e n c e s  in  stem le n g th  between d i f f e r e n t  

tre a tm e n ts , betw een v a rio u s  r a te s  a t  which phosphorous was a p p lie d , be­

tween v a rio u s  com binations o f  n u t r i e n ts  used to  supplem ent th e  phosphorous, 

or between th e  in te r a c t io n  between th e  l a s t  two f a c to r s .

A ctual d if f e re n c e s  in  stem  le n g th  o f t r e e s  in  v a rio u s  tre a tm e n ts  were 

very  sm all th roughou t the  ex p erim en t. The maximum d if f e re n c e  between two 

c u ltu re s  a t  10 weeks (60P and 480P) was 15 p e rc e n t, and a t  20 weeks was 11.3 

p e rc e n t. A ll tre a tm e n ts  d id  n o t m a in ta in  t h e i r  r e l a t i v e  p o s i t io n s  th roughou t



Table 62. --Type and time of nutrient application in Experiment III,
19i4+-U5

Time of n u t r i e n t  a p p lic a t io n

Treatm ent

P r io r  to  p la n tin g  : 5 weeks a f t e r  
p la n tin g

10 weeks a f t e r  
p la n tin g

t
:

15 weeks a f t e r  
p la n tin g

P205 N K20 Ca t N K20 N K20 t N K20
No. D esigna tion Founds p e r a c re

8 60P 60 - - ! - -
:
: -

9 120P 120 - - : - - - - : - -

11 U80P U80 - - : - - -
••
•• - -

12 Check - - - ! - -
I • 
* mm

•
•• -

13 60P-K 6o - 15 : - 15 ! 15
•
•• - 15

lU 120P-K 120 - 15 : - 15 E 15 > - 15

13 U80P-K lj80 - 15 ! - 15 i

■
aI

k *5
3

t - 15

16 60P-NK 6o 15 15 tm • 15 15 15 15
3
:
• 15 15

17 120P-NK 120 15 15 s 15 15 15 15
4
3

• 15 15

18 1+80P-NK i+80 15 15 t 15 15 15• 15
•
1 15 15

19 60P-Ca NK 6o 15 15 200 s 15 15 15• 15 15 15

20 120P-Ca NK 120 15 15 200 15 15 S 15 • -15 15 15

21 U80P-Ca NK U80 15 15 200 i 15 15 * 15 15 3 15 15
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Table 63 . —Mean length o f stem 10, 15, and 20 weeks
a fte r  i n i t i a l  treatm ent, Experiment I I I ,

1914+-U5

* Time a f t e r  i n i t i a l  tre a tm e n t
* 10 weeks . * 15 weeks * 20 weeks

Treatm ent * Length o f stem — mm.
t

60P *
1

l k .  2 s 1+8.5
•

** 9 5 .8

120P * 1U.5 * 50.0
3

* 101.8
s

1+80P :
3

16.3  * 5U.3
•

* 106.7
•

60P-K * 15.1+ * 1+9.8
3

* 100 . 1+
e

120P-K *
•

15.7  * 1+9.5 9 9 .1  .

U80P-K *
3

15.1  » 1+9.2
•

* 100.3
1

60P-NK !
•

16.1  s 50.8 : 9 9 .0

120P-NK s 15.1  t 1+7.0
3

* 98 .1
3

1+80P-NK :
3

15.8  * U9..2 * 9 6 .5
3

60P-Ca NK s
3

16.1  * 1+8.2 s 9 7 .2
1

120P-Ca NK s
3

1I+.8 * 1+7.3 ! 9 7 . 1+
•

U80P-Ca NK s
3

15.7  * 1+9.7 :  101.9
•

Cheek *

J

15 .2  : 52 .6
•

*  106 .1+

Standard  :  

d e v ia tio n  *

•

0 .9  i 2 .7
3

*  5 .1
P value  t r e a t - *  

ment *

•

0 .68  * 0.1+9 *  0 .U2
3

F value r a t e  t 0 .71  * O.71
3

s 0 .51
3

F value  com- *  

b in a tio n  :

3

3

0 .6 5  * O.50

3

s 0.1+9
«

F value  r a t e  x* 
com bination *

3

•

0 .69  * 0 .6 5

•

*

:  O.I4O
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th e  experim en t. The t r e e s  in  th e  I4.8OP tre a tm e n t had th e  lo n g e s t stems on 

each o b se rv a tio n  d a te , however. The t r e e s  in  the  c u l tu re s  c o n ta in in g  n i ­

tro g en  and po tassium  and in  th o se  c o n ta in in g  calcium , n itro g e n , and po­

ta ss iu m  had somewhat s h o r te r  stems th a n  t r e e s  in  most o th e r  c u l tu re s  a t  th e  

end o f th e  experim en t, w hereas t r e e s  in  some o f th e  former c u l tu re s  had 

longer stems th a n  th o se  in  th e  l a t t e r  tre a tm e n ts  a t  5 weeks.

When th e  mean stem  le n g th s  o f  th e  t r e e s  i n  th e  tw e lv e  c u l tu r e s  o f  

E xperim ent I I I  a re  oompared w ith  th e  mean le n g th  o f  th o s e  i n  th e  check  

tr e a tm e n t ,  i t  i s  o bv ious t h a t  th e  su p p lem en ta l n u t r i e n t s  w ere n o t  e f f e c t i v e  

i n  s t im u la t in g  stem  g row th . On th e  c o n t ra r y ,  i n  a l l  e x c e p t one in s ta n c e ,  

th e y  had a  tendenoy  to .h a v e  a d e p re s s in g  e f f e c t  on stem  grow th  a l th o u g h  th e  

e f f e c t  was n o t  s i g n i f i c a n t  ( F ig s .  li+, 15, 16, 17)•

Branch D evelopm ent

B ranch developm ent as  e x p re sse d  by th e  p ro p o r t io n  o f  b ran ch e d  t r e e s  and 

by number o f  b ran ch e s  p e r  t r e e  i s  shown in  T ab les  64 and 69 . Table 64 shows 

a  wide ra n g e  i n  th e  number o f  b ranched  t r e e s  p roduced  by d i f f e r e n t  s o i l  t r e a t ­

m ents, and e x c e p t f o r  5 weeks a f t e r  th e  i n i t i a l  t r e a tm e n t ,  th e  d i f f e r e n c e s  

between tr e a tm e n ts  w ere v e ry  s i g n i f i c a n t .  The r a t e  a t  w hich  phosphorous was 

used  as w e ll  as  th e  co m b in a tio n  o f  n u t r i e n t  e lem en ts  u sed  w ith  phosphorous 

produoed e i t h e r  s i g n i f i c a n t  o r v e ry  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  number o f  

b ranched  t r e e s *

The in f lu e n c e  o f r a t e  a t  which phosphorous was used on th e  number o f  

branched t r e e s  i s  b rough t o u t e f f e c t iv e ly  in  Table 65* As th e  amount o f  

phosphorous was in c re a se d , th e  number o f  branched t r e e s  increased*  An 

a n ia y s is  o f  t h i s  t a b le  r e v e a ls  t h a t  th e  i|dO-pound r a t e  was v e ry  s ig n i f ic a n t ly  

su p e rio r  to  th e  60-pound r a t e  in  number o f branched t r e e s  produced. The 

form er r a te  was s ig n i f ic a n t ly  su p e r io r  to  th e  120-pound r a t e  a t  8 weeks and 

very  s ig n i f io a n t ly  su p e rio r  a t  10 w eeks, b u t l o s t  th e  advantage la te r*
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Table 61*-. —The number o f branched tr e e s  5, 8 , 10* 15, and 20
weeks a f te r  the i n i t i a l  treatm ent, Experiment I I I ,

1914+-U5

s Time " a f te r in i- f c ia l  t re a tm e n t
•• 5 weeks 8 weeks 10 weeks t 15 weeks s 20 weeks

Treatm ent : Branched t r e e s  -  p e rc en t of t o t a l

60P : 0 .0
'

12 ,5
s

1 2 .5  *
e

1 2 .5  s 20.0

120P s 2 .5 15.0
X

20.0  s
3

3 2 .5  s 37 .5
•

I s S O P  : 5.0 32 .5 32 .5  1 37 .5  s 37 .5
•

60P-K 1 0 .0 ’ 17 .5
3

1+0.0 S 1+7 .5  • 1+7.5
X

120P-K 1 2 .5 32 .5
•

35 .0  :
3

1+2.5 s 1+5.0
s

1|80F-K 1 2 .5 22 .5 3 7 .5  i 1+2.5 :
e

1+5.0
:

60P-NK : 7 .5 35.0
3

l+o.o t
e

50.0  t 
•

50.0

120P-NK : 10.0 35.0 52 .5  *
8

55-0 s 57.5

U80P-NK s 17.5 60.0 72 .5  : 75 .0  s 75 .0
X

60P-Ca NKj 7 .5 52.5 55.0 s 57 .5  s 60 .0
•

120P-Ca M s 12 .5 50.0
3

60 .0  1
3

65 .0  S 70 .0
s

U80P-Ca NK* 22.5 70 .0
3

8 0 .0  s
3

80 .0  s 80 .0
3

Check j 5 .0 17.5
3

20.0  s 22 .5  s 30.0
♦

Standard  : 
d e v ia tio n  s 5 .6 6 .8

3
3

7 .0  :

3

6 .8  : 7 .2
t

D iffe ren ce  : 
between s 
trea tm en t t 
means to  bet 20.0

3
•
e

3
3

20.1 s

s
s
s
s

1 9 .6  s 20.7
s ig n if ic a n ts  
a t  5 and 1 s 
p e rc en t t 26 .9

s
s

27.0  »

s
s

26.1+ s 27.8
F v a lue  : 
tre a tm en t s 1.80 1 , 62**

e
•

8.17++S 7 .1+6++ s 5.78++
F value rates 2.77 6 .2 1 ^ 6.20++: 1+.3U*
F value corns 
b in a tio n  s 1 .12 21. 2h**

t
22 'b& **s

e
•

20 . 31+ ^a l6 .k 7 * *
F value rates 
x combinations 1.81 1.29

t
1.19 :

a
I . I 4 I +  s 0 .9 2

♦ S ig n if ic a n t a t  5 p e rc e n t. 
♦ ♦ S ig n ific a n t a t  1 p e rc e n t.
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Table 65* --The number o f branched tr e e s  5» 8 , 10, 15, and 20
weeks a f te r  i n i t i a l  treatm ent in  r e la t io n  to  rate o f
phosphorous a p p lica tio n , Experiment I I I ,  19l*l*-l*5

ifime a f t e r  i n i t i a l  tre a tm e n t
'j weeks 8 weeks : 10 weeks t 15 weeks : 20 weeks

Rate Branched t r e e s  -  p e rcen t o f t o t a l

6° 3 .9 28.1
i

36 .9  *
:

1+1.9 1 1+1+.U

120 7 .5 33.1
2

U1 .9  * 1+8 .8  t 52 .5

1+80 11.8 U5.0 55*6 t 59.7 * 59.1*

D ifference  
between 
ra te  means 
to  be s ig ­ 10.0

$
:
1

10 .0  :

*

9 .8  : 10 .1+
n if ic a n t  a t  
5 and 1 p e n  
cen t. ' 13 .5

•

*
13 .5  *

t
:

13 .2  j 13 .9

Table 66 . --The number of branched t r e e s  5, 8 , 10, 15, and 20 
weeks a f t e r  i n i t i a l  tre a tm e n t in  r e l a t i o n  to  com­
b in a tio n  o f elem ents used  w ith  phosphorous, E x p e ri­

ment I I I ,  19J+1+-1+5

•• T im e a f t e r  i n i t i a l  t r e a t m e n t
w e e k s t  8 w e e k s  1 10 w e e k s  s 15 w e e k s  * 20 w e e k s

C o m b in a tio n * B r a n c h e d  t r e e s  -  p e r c e n t  o f  t o t a l
t

P 1 2 .5 * l 6 . 6  *
s

21 .7  :
*

27 .5  s 31.7
2

P-K 1 .7
2 2
* 2 l* .2  * 3 7 .5  1 l* l+ .2  * 1*5.8

2
P-NK : 11.7

•  •

* 1*3.3 * 55.0  s 60 .0  , 60 .8
t

P-CaNK * 11+.2 * 57 .5  *
2

65 .0  * 6 7 .5  * 70 .0
*

D i f f e r e n c e  * 
b e t w e e n  con n  
b i n a t i o n  s 
m ean s t o  b e t

* *

* * 
* 1 1 . 6  *

*
*
*

11 .6  *

*
*

i i . 3  * 12.0
s i g n i f i c a n t *  
a t  5  a n d  1 t 
p e r c e n t  *

t *
* t
* 15 .5  1

*
*

15 .5  *

*
*

1 5 .2  s 16.1
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Table 67• ~ A  com parison of the  e f f e c t  o f  v a rio u s  n u t r i e n t  com­
b in a tio n s  on th e  number o f branched t r e e s  in  E x p eri­

ment I I I ,  1914U-U5

: Combinations su p e r io r  to  com binations in  column 1
: Time a f t e r  i n i t i a l  tre a tm e n t
x 8 week§ x 1 0  weeks 1 1 9  weeks t 36 weeks

Combination x a t  $ x  a t  lftt a t  Wos a t  Ifos a t  5 a t  1%t a t  5&x a t

P

> x x 
*  i  P-NK s 
x xP-CaNKx 
: : x

: x x x 
x P-NK x : P-K * 
xP-CaNKx * P-NK * 
1 * xP-CaNKx

X
x P-NK 

P-K x
xP-CaNK

P-K

P-NK

8 8 8 
: : P-NK : 
x xP-CaNKx 
» > : 
sP-CaNK: *

8 8 8 8 
j P-NK x x P-NK x 
xP-CaNKx xP-CaNKx
X X X  X 

X  X X X

X

X

P-NKxP-CaNK
•

- e

X

P-CaNPK
8 8 . 8
: 8 s

X X X X 

X  X X X

X

X
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Table 68. --Comparison o f  number o f  branched tr e e s  a t 8
and 20 weeks by treatm ents, Experiment I I I

 Time a f t e r  i n i t i a l  t r eatm ent
8 weeks t ' 20 weeks

in  column 1
T r e a tm e n t a t “5 T “ *' ...... a t "  a ' t " ^ " ' s a t  1%

: 6 0 P -N K , 1 20P -N K  
: J4.8OP-NK , 60P -C aN K 6 0 P -K

t

t 6 0 P -N K , 1 20P -N K  
jU 8 0 P -N K ,6 0 P -C a U K

60 P U 8 0 P ,1 2 0 P -K
:12 0 P -C a N K
*l4S 0P-CaNK

1 2 0 P -K
U 8 0 P -K

:1 2 0 P -C a N K
:1+80P-NK

120P
60P -N K
120P -N K

:U 8 0 P -N K ,6 0 P -C a U K
sl2 0 P -C a N K
sl+80P-CaN K

J
:J+30P -N K ,60P -C aN K  
: 120P -C aU K  
ti+SOP-CaNK

I4.8OP
60P -C aN K
120P -C aN K

1I+8OP-NK
jl+80P-C aN K

3

s I4.8OP-NK,  6 0 P -C  aNK 
:120P-C aW K
jl+SOP-CaNK

60 P -K

:l+ 80P -N K ,60P -C aN K
s l2 0 P - C a M
»It.80P-CaNK

s
3

1I+8OP-NK
sLjBOP-CalJK

1 2 0 P -K
60P-C aN K
120P -C aN K

:U 80P -N K
*U80P-CaNK

3

1I4.8OP-NK
sU 80P-C aN K

1+80P-K

60P-JJK U 80P-N K

:l+ 80P -N K ,60P -C aN K
il2 0 P -C a H K
sl+ 8 0 P -C a M

:U 80P -C aN K

3

:J+80P -N K ,60P -C aN K
sl2 0 P -C a N K
sI).80P-C aNE
s
jljSOP-CaNK

120P-N K I4.8OP-NK . jU 80P -C aN K
3

•
•

U 80P-N K

60P-C aN K

120P-C aH K

U 80P-CaNK

C h e ck

U 80P-C aN K

:U 80P -N K ,60P -C aW K  
» 120P -C aN K  
iU 80P -C aN K

3

•
•

•
•

a
•

1

:

s
:

1

»U 80P -N K ,60P -C aN K  
: 120P -C aN K  
:U 80P -C aN K
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The in f lu e n c e  o f th e  elem ents used in  com bination w ith  phosphorous 

on th e  number o f branched t r e e s  i s  shown in  Table 68 . As th e  number o f 

elem ents used in  com bination w ith  phosphorous was in c re a se d , th e  number 

o f branched t r e e s  in c re a s e d . The a d d itio n  o f po tassium  d id  n o t cause enough 

in c rease  in  number o f  branched t r e e s  to  r e s u l t  in  a . s ig n i f ic a n t  d if fe re n c e  

between th e  P and P-K tre a tm e n ts  du rin g  th e  f i r s t  10 weeks, b u t th e r e ­

a f te r  th e  d if fe re n c e  was s ig n i f i c a n t .  T h is and o th e r  r e la t io n s h ip s  a re  

ev id en t in  Table 67* When n itro g e n  o r n itro g e n  and calcium  a re  in c lu d ed  

in  th e  n u t r i e n t  c u l tu r e ,  th e  number o f  branched t r e e s  becomes s ig n i f ic a n t ly  

g re a te r  th an  when only  phosphorous or phosphorous and po tassium  make up th e  

n u tr ie n t  c u ltu re  (F ig . 15)• The P-CaNK c u ltu re s  a re  on ly  te m p o ra rily  s ig ­

n i f i c a n t ly  su p e r io r  in  numbers o f  branched t r e e s  to  th e  P-NK c u l tu re s  a t  8 

weeks.

An exam ination  o f th e  d a ta  on number o f branched t r e e s  by in d iv id u a l 

trea tm en ts  in  Table 6i+ a lso  h ears  ou t th e  r e la t io n s h ip s  d iscu ssed  in  th e  

forego ing  p a rag rap h s . Comparisons o f th e  e f f e c t  o f  v a rio u s  s o i l  tre a tm e n ts  

on th e  number o f  branched t r e e s  on two d a te s  a re  p re sen te d  in  Table 6 8 . The 

re la t io n s h ip s  between tre a tm e n ts  on th e  two d a te s  a re  s im i la r .  In  g e n e ra l, 

th e re  a re  s ig n i f ic a n t  d if f e re n c e s  in  number o f  b ranched t r e e s  between fewer 

tre a tm en ts  a t  20 weeks th an  a t  8 w eeks. This s ig n i f i e s  t h a t  a lth o u g h  branch­

ing was slow in  being  i n i t i a t e d  by some c u l tu re s ,  th e  d e f ic ie n c y  in  number 

o f branched t r e e s  was overcome somewhat w ith  th e  p a ss in g  o f tim e . P a r t i ­

c u la r ly  e v id en t in  Table 68 i s  th e  g e n e ra l s u p e r io r i ty  in  number o f branched 

t r e e s  o f th e  c u ltu re s  t h a t  re c e iv e d  supplem ental n itro g e n  and po tassium .

Table 69 shows much v a r ia t io n  th rough  th e  experim ent among th e  

d i f f e r e n t  s o i l  tre a tm e n ts  in  th e  number o f  branches per t r e e .  The d if fe re n c e s  

a re  g re a te s t  4h th e  e a r ly  s tag e s  o f  th e  experim en t. At 8 weeks th e  J+80P-CaHK
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Table 69 . —The number o f branches per tr e e  8 , 10, 15,
and 20 weeks, a fte r  the i n i t i a l  treatm ent, Ex­
periment I I I ,  19U1+-U5

t tfime a f t e r  i n i t i a l  tre a tm e n t
J 8 weeks 3 10 weeks 3 15 weeks 3 20 weeks

Treatment s Branches p e r t r e e  -  number
s

60P : 0 .1 2
3

3 0 .30
3 3 

3 0 .6 0  3 0 .85

120P s 0 .1 5 3 0 .30
3  3

3  0 .5 2  3 1.00

I4.8OP 1 0.1+2 3 0 .72 3  0 .90  3 1.02
I

60P-K 3 0 .3 5
3

3 0 .82
3  )

3 1.08 3 1.08
t

120P-K * O.38 3 0 .70
3  3  

3  1.00 3 1.18
3

1+80P-K * 0 .30 3 0 .78
8  3

t 1 .12  3 1.60
3

60P-NK 3 0 .52
z
3 0 .78

8  8

3  1.00  3 1 .12
3

120P-K 3 0.1+8 3 0 .80
3  3

3  0*98 8 1 .15
3

I48OP-NK 3 1.1+2
z
3  2 .0 a

3  3

3 2 .28 3
v *

2 .35
s

60P-CaNK' 3 1.12 3  1.60 3 1 .8 2  3 2.00

120P-CaN& * 0 .98 3  1.30 3  1 .65  3 1.75
3

l+80P-CaNK 3 1.55 3  2.15
3  3

3  2 .32  3 2 .35
s

Check 3 0 .25 3  0.38
8  8  

3 0 .5 2  3 0 .68

Standard 3 

d e v ia tio n  s 0 .18

3

S

3 0.21

3  8

8  3

3 0 .2 2  3 0 .29
z

D ifference  3 
between t r e a t*  
ment means t o 3 

be s i g n i f i -  3 0 .5 2

3

3

3

3

3  0 .6 2

3 3 

3 3 

3 3 

3 3

* 0 .7 9  * 0.83
can t a t  5 euad. s 
1 p e rc en t 3 0 .70

3

3  0.83
3 3 

3 1 .06  3 1 .12
P value t r e a t*  
ment 3 7»30**

3

3 8.3U+*
3 3 
3 i+. 8i+*+ 3 3.1*5**

3

F value r a t e  3 6.93**
3

s 10.82*+
3  3

3 6 .1*6^ 3 5 . 08*
3

F value com- 3 

b in a tio n  3 1 8 .6 2 ^

3

3

3 1 8 .98**

3 3 

3  3

3 11,39**  * 7.07♦♦

F value r a te  3 
x com binations 1 .76

3

3

3 2.18

3 3

8 3 

3  1 .03  3 0 .9 2
♦ S i g n i f i c a n t  a t  5  p e r c e n t .

♦ ♦ S i g n i f i c a n t  a t  1 p e r c e n t .
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c u ltu re  ( g r e a te s t  number o f b ran ch es) had produced t r e e s  w ith  n e a r ly  t h i r ­

teen  tim es as many branches p e r  t r e e  as th e  60P c u l tu re  (lo w est number o f 

b ra n c h es ). At 20 weeks, however, t r e e s  in  th e  form er c u ltu re  had approxim ate­

ly  th re e  tim es as many b ranches as t r e e s  in  th e  l a t t e r .  S im ila r , a lth o u g h  

le s s  pronounced, t re n d s  are e v id en t in  o th e r  tre a tm e n ts .

Mean number o f  b ranches per t r e e  a t  v a rio u s  tim es in  r e l a t io n  to  r a t e  

o f a p p lic a t io n  o f phosphorous i s  p re sen te d  in  Table 70* An a n a ly s is  o f 

th is  ta b le  re v e a ls  t h a t  t r e e s  in  th e  IjSO -pound-applioation  c u ltu re s  had very  

s ig n i f ic a n t ly  (o r  s ig n i f ic a n t ly )  more b ranches p e r t r e e  th an  t r e e s  in  e i th e r  

the 60-pound- o r 120-pound- a p p l ic a t io n  c u l tu re s  th roughou t the  experim en t. 

There were no s ig n i f ic a n t  d if f e r e n c e s  in  number o f  b ranches per t r e e  be­

tween th e  60 - and 1 2 0 -p o u n d -ap p lica tio n  c u l tu r e s .

Mean number o f  b ranches p e r t r e e  a t  v a rio u s  tim es in  r e l a t io n  to  

com bination o f elem ents used w ith  phosphorous i s  p re sen te d  in  Table 71* 

D is t in c t  d if f e r e n c e s  in  mean number o f  b ranches a re  e v id e n t between c u l­

tu re s  co n ta in in g  d i f f e r e n t  com binations o f supplem ental n u t r i e n t s .  The 

g re a te s t  d if f e re n c e s  a re  between th e  P and P-CaNK c u l tu r e s .  At 8 weeks, 

the  l a t t e r  had produced t r e e s  w ith  more th an  f iv e  tim es as many branches as 

the form er, and a t ' 20 weeks, w ith  more th an  tw ice  as many. D iffe re n c es  be ­

tween o th e r com binations a re  l e s s  pronounced, a lthough  as shown in  Table 

72, many o f th e  d if fe re n c e s  a r e  e i th e r  s ig n i f ic a n t  o r  very  s ig n i f i c a n t .  In  

a l l  fo u r com binations, r e l a t i v e  d if fe re n c e s  in  number o f  branches p e r t r e e  

decreased w ith  e lap sed  tim e; b u t th e  d if fe re n c e s  in  term s o f a c tu a l numbers 

of branches were n e a r ly  th e  same a t  20 weeks as a t  8 weeks. The pronounc­

ed e f f e c t  o f  th e  in c lu s io n  o f  n itro g e n  and calcium  in  th e  n u t r i e n t  tre a tm e n t 

on number o f  b ranches p er t r e e  i s  e v id en t in  Table 72 . I t  i s  notew orthy th a t  

the P-CaNK c u l tu re s  produced s ig n i f ic a n t ly  more branches p e r t r e e  th an  th e



Table 70. --Number of branches per tr e e  a t d if fe r e n t  tim es
a fte r  i n i t i a l  treatm ent in  r e la t io n  to  ra te  o f
phosphorous a p p lica tio n , Experiment I I I ,  191+1+-1+5

Hate

Time a f t e r i n i t i a l  tre a tm en t
8 weeks i 10 weeks t 15 weeks 1 20 weeks

Branches p e r t r e e  -  number

60 0.53
••

j 0 .88
3

3 1 .19
3

t 1 .26

120 0.1+9 3 0 .78
s
* 0 .98

3

3 1.27

1+80 0 .9 2 ! 1 . 1+3
t
t 1 .66

3

3 1.83

D ifference
•

••

m

3

between r a te : :
means to  be 0 .2 6 : 0.31 s 0 .37 3 0.1+2
s ig n if ic a n t j t 3

a t  5 1 t 3

percen t 0 .35 * 0.1+2 1 0 .50 3 O.56

T a b le  7 1 .  — N um ber o f  b r a n c h e s  p e r  t r e e  a t  d i f f e r e n t  t i m e s  
a f t e r  i n i t i a l  t r e a t m e n t  i n  r e l a t i o n  t o  c o m b in a ­
t i o n  o f  e l e m e n t s  u s e d  w i t h  p h o s p h o r o u s ,  E x p e r i ­

m e n t  I I I ,  191+1+-1+5*

3 Time a f t e r  i n i t i a l  tre a tm e n t
3 6 weeks 3 10 weeks 3 13 weeks 3 20 weeks

Combination s Branches p e r  t r e e  -  number
3

P 3 a .2 3
3
3 0.1+1+

3 3 
3 0 .68  s 0 .9 6

3
P-K 3 0 . 31+ 3 0 .77 3 1.07 3 1.28

P-NK 1 0 .81 s 1 .22 s 1.1+2 3 1.51+

P-CaNK . 3 1 .22 s 1.68 * 1.93 * 2.03
3

D ifferen ce  3 
between com- 3 
b in a tio n  m ean  
to  be s ig n i -  3 0 .30

3
3
3

* O.37

3 3
3 3

3 3
3 0.1+6 3 0.1+8

f ic a n t  a t  5 * 
and 1 peroent3 0.1+1

••
3 0.1+9

3 3 
3 0 .61  3 0.61+
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P-NK c u l tu r e s ,  th u s  d em o n s tra tin g  t h a t  c a lc iu m  p la y e d  a  s i g n i f i c a n t  r o le  in  

t h i s  a s p e c t  o f  b ra n c h in g  ( F ig s .  15 and 1 7 ). I t  sh o u ld  be n o te d  t h a t  when 

o n ly  p o ta ss iu m  was added w ith  p h o sp h o ro u s, number o f  b ran ch e s  p e r  t r e e  was 

n o t a f f e c t e d  s i g n i f i c a n t l y .

Comparison o f number o f  b ranches p e r  t r e e  by in d iv id u a l s o i l  t r e a t ­

ments i s  p re se n te d  in  Table 73* I t  should  be no ted  t h a t  none o f th e  phos­

phorous tre a tm e n ts  and on ly  one o f th e  phosphorous-potassium  tre a tm e n ts  

(I4BOP-K) produced t r e e s  w ith  s ig n i f ic a n t ly  more b ranches th a n  th e  check, 

th a t  only one o f th e  p h o sp h o ro u s-n itro g en -p o tassiu m  c u l tu re s  (i+80P-NK) 

produced t r e e s  w ith  more b ranches th an  th e  check, and th a t  a l l  phosphorous- 

ca lc iu m -n itro g en -p o tass iu m  tre a tm e n ts  produced t r e e s  w ith  more branches 

th an  the  check. The aforem entioned  f iv e  tre a tm e n ts  a re  su rpassed  in  

number o f  b ranches per t r e e  by no c u l tu re  a t  th e  end o f the  experim en t. Of 

th e se  f iv e  c u l tu r e s ,  th e  60P-CaNK c u l tu re  had in c re a se d  branch ing  w ith  th e  

g re a te s t  economy of n u t r i e n t  m a te r ia ls .

In  g e n e r a l ,  th o s e  c u l tu r e s  w hich  w ere m ost e f f e c t i v e  i n  in c re a s in g  th e  

number o f  b ran ch ed  t r e e s  w ere a ls o  th e  m ost e f f e c t i v e  i n  in c re a s in g  th e  

number o f  b ra n c h e s  p e r  t r e e .

D iam eter o f  Stem

Mean d iam eter o f stems o f t r e e s  and a com parison o f stem d iam eters  

o f t r e e s  in  d i f f e r e n t  tre a tm e n ts  a re  p re se n te d  in  Table 74* The l a r g e s t  

mean d iam eter i s  10 .4  p e rcen t g re a te r  th an  t h a t  o f th e  check c u l tu r e .  The 

a n a ly s is  o f  v a ria n ce  re v e a ls  t h a t  r a t e ,  com bination, and tre a tm e n t a re  

re sp o n s ib le  fo r  s ig n i f ic a n t  d if f e re n c e s  in  stem  d iam ete r . The 48Q“P°u»d 

a p p lic a t io n  o f phosphorous produced t r e e s  s ig n i f i c a n t ly  la r g e r  in  d iam eter 

(3 .35  mm.) th an  th e  120-pound a p p l ic a t io n  (3*75 mm.) and very  s ig n i f ic a n t ly  

la rg e r  th a n  those  o f th e  60-pound a p p lic a t io n  (3*68 mm.). The d if fe re n c e  o f
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Table 72. ~ A  comparison of th e  e f f e c t  o f  v a rio u s  n u tr ie n t  
com binations on th e  number o f b ranches per t r e e  
in  Experim ent I I I ,  19Ui+”i+5

Time a f t e r  i n i t i a l  tre a tm en t
8 weeks : 10 weeks 15 weeks : 20 weeks

Com bination a t  'jfoi a t  l%i a t  a t  1% a t  1$: a t  a t  1%

P

: : s 
sP-NK : :P-NK 
: P-CaNKj iP-CaNK

: :
P-NK s :
P-CaNK:P-NK sP-CaNK

P-K

s * :
:P-NK : :
:P-CaNK:P-NK sP-CaNK

: i 
i :

P-CaNK: :P-CaNK

P-NK
: > :
:P-CaNK:P-CaNK: P-CaNK

: :
: P-CaNK:

P-CaNK
* : : 
: : i

: : 
: :
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Table 73* ~”A comparison o f the number o f  branches per tr e e
by s o i l  treatm ent 8 and 20 weeks a f t e r  i n i t i a l
treatm ent, Experiment I I I ,  19W+-U5

: flm e a f t e r  i n i t i a l  tre a tm e n t
< 8 weeks t 20 weeks

Treatm ents su p e r io r  to  tre a tm e n ts  in  column 1
T reatm ent * a F -̂  " "  ' 3 a t  i fo 3 a t  $?a 3 a t  1%

60P

3
:

1
:

8
3 I48OP-NK 
3 60P-CaNK 
3 120P-CaNK 
3 USOP-CaNK 3 120P-CaNK

3
3 I4.8OP-M  
3 60P-CaNK 
3 IjSOP-CaNK

120P

1
t

3
3

•
3 I4.8OP-NK 
8 60P-CaNK 
3 120P-CaNK 
3 U80P-CaNK 3 60P-CaNK

3
3

3 U8op-nk
3 I(SOP-CaNK

1+80P

t
3

3 120P-CaNK

3 J48OP-NK 
s 60P-CaKK 
8 U80P-CaNK 3 6op-caM

3
3
3 Ubop-nk
3 l+BOP-CaNK

60P-K

3
3
j
* 120P-CaNK

3 I4SOP-NK 
3 60P-CaNK 
3 USOP-CaNK 3 60P-CaNK

3

3 1+8op-nk
3 l+BOP-CaNK

120P-K

t
:
:
8 laOP-CaNK

•
3 ijSOP-NK 
3 60P-CaNK 
3 IjSOP-CaKK

3

3 1+8op-nk
3 USOP-CaNK

I4.8OP-K

••
t

s 120P-CaNK

4•
3 I|flOP-NK 
3 60P-CaKK 
3 U80P-CaM

3
3

60P-WK

8
8
8 60P-CaNK.

1
8 I48OP-NK 
3 U80P-CaNK 3 60P-CaNK

3
3 I4.80P -M  
3 l+80P-CaNK

120P-NK

8
8
8 60P-CaNK

3
3 J+80P-M 
3 i+80P-CaNK 8 60P-CaNK

3 U80P-M
3 ijBOP-CaflK

I4.8OP-NK
8
8

•
••

3
3

60P-CaUK
8
8

•
3

3
3

120P-CaNK
3
8 U80P-CaNK

•
s

3
3

U80P-CaNK
3
3

3
3

3
3

Check

3
3

3

3
3 U8op-wk
3 60P-CaMK 
3 laOP-CaNK 
3 U80P-CaKK

s I4.8OP-K 
3 laOP-CaNK

3
3
3 J+80P-KK 
3 60P-CaNK 
3 U80P-CaNK
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Table 7h» --Mean diameter o f stem by treatm ents and compari­
son o f d ifferen ce  in  stem diam eters between t r e a t ­

ments, Experiment I I I ,  19UU-U3

Treatm ents su p e r io r  to  
tre a tm e n ts  in  column 1

Treatm ent
Diam eter o f  

stem -  mm. a t a t  lfo

60P

120P

I4.8OP

60P-K 

120P-K 

U80P-K .

60P-1IK 

120P-NK 

1+80P-NK 

60P-CaNK 

120P-CaKK 

U80P-CaUK

Check

Standard deviation* 
*

D iffe ren ce  b e - : 
tween tre a tm e n t * 
means to  be s ig -  * 
n i f i c a n t  a t  5 and* 
1 p e rcen t *

3.58

3-6U

3.70

3 .60

3*77

3 .86

3.78 

3.73 

3.91

3 .78  

3.90 

3.93

3.56

0 .06

0 ,18

0.2U

120P-K, 60P-IIK 
60P-CaNK

U80P-K

i4.80P-NK,120P-CaNK
U.80P-CaNK

60P-NK'
60P-CaNK

I48OP-K, I4.8OP-NK 
120P-CaNK,l480P-CaWK

I48OP-NK, 120P-CaNK 
l^OP-CaM

I4.8OP-K, ijBOP-NK 
120P-CaNK,U80P-CaNK

U80P-NK,i+80P-CaNK

120P-K, 60P-NK 
60P-CaNK

U80P-K, I48OP-NK 
129P-CaNK,U80P-CaNK

F value tre a tm e n ts  
F value r a te  *
F value  combination 
F value r a te  x * 
com bination *

3.91**
7*55**
7,81**

0 .7 3
♦ ♦ S ig n if ic a n t a t  1 p e rc e n t.
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0.07  mm. in  d iam eter between th e  t r e e s  in  th e  60- and 1 2 0 -p o u n d -ap p lica tio n  

c u ltu re s  i s  n o t g re a t enough to  be s ig n i f i c a n t .  Trees in  th e  P-NK and 

P-CaNK c u l tu re s  w ith  mean d iam eters  o f  3*80 and 3*87 «*•» re s p e c t iv e ly ,  

have very  s ig n i f i c a n t ly  la r g e r  d iam eters  th an  th o se  in  th e  P c u ltu re s  w ith  

a mean d iam eter o f 3*64 mm. j th o se  in  th e  P-K (mean d iam eter 3*74 mm.) 

afid P-CaNK c u l tu re s  have s ig n i f ic a n t ly  la rg e r  d iam eters  th an  th o se  in  th e  

P and P-K c u l tu re s ,  r e s p e c t iv e ly .  I t  i s  e v id en t t h a t  d iam eters  can be 

in c reased  by r e l a t i v e l y  la rg e  amounts o f  phosphorous or by n u t r i e n t  c u l­

tu re s  co n ta in in g  n i tro g e n , phosphorous, and po tassium , o r th e se  elem ents 

to g e th e r  w ith  calcium .

The i n f e r i o r i t y  o f  th e  check, phosphorous, and 60P-K tre a tm e n ts  w ith  

re sp e c t to  d iam eter o f  stem  o f th e  t r e e s  i s  shown c le a r ly  in  Table 74 by 

th e  r e l a t i v e ly  la rg e  number o f  c u ltu re s  which produced t r e e s  w ith  la rg e r  

stem d iam eters  th an  th e se  tre a tm e n ts . On th e  o th e r  hand, on ly  one c u ltu re  

co n ta in in g  n itro g e n  (120P-NK) produced t r e e s  t h a t  were exceeded in  mean stem 

diam eter by o th e r  t re a tm e n ts .

A lthough  d ia m e te r  o f  stem  can be in c re a s e d  s i g n i f i c a n t l y  by any one

o f se v e ra l s o i l  t re a tm e n ts , i t  can be accom plished most e f f i c i e n t l y  when

a t  l e a s t  th re e  -  N, P, and K -  o f  th e  fo u r n u t r i e n t  elem ents a re  a p p lie d

(F ig s . 15 and 17)* Large in c re a s e s  can be secu red  on ly  by a  co n sid e rab le

in c re a s e  i n  th e  amount o f  a v a i la b le  phosphorous i n  th e  c u l tu r e .

Dry W eight o f  S h o o t, R oo t, and E n t i r e  T ree , and 
R oot-Shoot R a tio

The mean d ry  w e ig h ts  o f  sh o o t, r o o t ,  and e n t i r e  t r e e ,  and ro 'o t-sh o o t 

r a t i o  o f  t r e e s  i n  each  t r e a tm e n t  i n  E xperim en t I I I  a r e  p re s e n te d  i n  Table 

75. T here i s  c o n s id e ra b le  d i f f e r e n c e  i n  th e  mean w e ig h ts  o f t he t r e e s  

from  th e  c u l tu r e s  y ie ld in g  th e  l i g h t e s t  and th e  h e a v ie s t  t r e e s ,  b u t  o u ts id e
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Table 75* --Mean dry w eight o f shoot, roo t, and e n tir e  tr e e
and root-shoot r a tio  o f tr e e s  in  Experiment I I I ,

19i^-U5

Dry W eight
t

Treatm ent t
Shoot t Root 

Grams
T o ' t S T :

>
R oot-Shoot

R atio
t

60P : 1 .16
•
1 0 .72

t
1.88 » 0 .6 2

120P t 1 .25 * 0 .78
i

2.03  , 0 .6 2

1+80P j 1.33
t
s 0 .8 2 2 .15  t 0 .6 2

3
60P-K : 1 .25

3
: 0 .8 2 2.07 s 0 .6 6

120P-K : 1 .26
i
: 0 .80

s
2 .06  i 0 .63

i
I+80P-K j 1.37

•
j 0 .8 6 2.23  : 0 .63

•
60P-M  s 1.29

•
1 0 .8 5

3
2.11+ : 0 .6 6

t
120P-NK : 1 .25

3
: 0 .81

3
2 .06  S 0 .6 5

3
I+80P-NK : 1.38

3
j 0 .88

3
2 .26  » 0 . 6I+

•
60P-CaNK : 1.30 > 0 . 7 5

3
2 .05  : 0 .5 8

120P-CaNK » 1.32 * 0 .83 2 .15  : 0.63
e

U80P-CaNK t 1 .U3
•

* 0 .91 2. 2b  't 0.61+
•

Check i 1 .26 s 0 .7 5
3

2.01 : 0 .60
e

S tandard d e v ia tio n  : 0 . 0 7
•
* O.Oil

3
0.09 : o.ol*

$
D iffe ren ce  between : 
ra te  means to  be » 0 .10

e
••
: 0 .06

3
3

0.1)+ :
s ig n if ic a n t  a t  5 andj 
1 p e rcen t : 0 .13

:
! 0.09

:
0 .1 8  *

t
F value tre a tm e n t : 1.27

I
: 1.50

:
1.1*0 * 0 .53

•
F value r a te  : U.22^ « 3 . 9 ^

t
3»86+ s 0 .1 9

s
F v alue  com bination i 1.3U * 1.58

3
2 . 0I+ * 

•
1.03

•
F value r a te  x com- j 
b in a tio n  i 0 .2 5

3
1
1 0 .0 6

<
0.07  1 0 .39

♦ S ig n if ic a n t a t  5 p e rc e n t .



-  155 -

of th e se  two extrem es, d if f e re n c e s  a re  r e l a t iv e ly  sm all. Because th e  s tan d ­

ard  d e v ia t io n  i s  la rg e , th e  a n a ly s is  o f  v a ria n ce  re v e a ls  no s ig n i f ic a n t  

d iffe re n c e  due to  tre a tm e n t. D iffe ren ces  in  w eigh ts caused by th e  r a te  a t  

which phosphorous was used were s ig n i f i c a n t .  The i^QO-pou^d a p p l ic a t io n  p ro ­

duced ro o ts  (0 .8 7  g r . )  and sh o o ts(1 .3 8  g r . )  very  s ig n i f i c a n t ly  h e av ie r  th an  

the  60-pound a p p l ic a t io n  (0 .78  and 1.21+ g r . )  and s ig n i f i c a n t ly  h e av ie r  

than  th e  120-pound a p p l ic a t io n  (0 .8 1  and 1.27 g r . ) .  The same r e la t io n s h ip s  

he ld  fo r  th e  w eigh t o f  th e  e n t i r e  t r e e .

Four tre a tm e n ts  y ie ld e d  t r e e s  w ith  l i g h t e r  sh o o ts , one tre a tm e n t 

y ie ld e d  t r e e s  w ith  l i g h te r  ro o ts ,  and two tre a tm e n ts  y ie ld e d  t r e e s  w ith  l i g h t e r  

t o t a l  w eigh t th an  th e  check; b u t th e  d if fe re n c e s  were very  sm all and n o t 

s ig n i f ic a n t .

D iffe ren ces  in  ro o t- sh o o t r a t i o  were sm all, and in  no way were th ey  

s ig n i f ic a n t .  A ll except one c u l tu re  (60P-CaNK) y ie ld e d  t r e e s  w ith  s l i g h t l y  

la rg e r  ro o t- sh o o t r a t i o s  th a n  th e  check c u l tu r e .

Summary o f  R e s u lts

Stem le n g th , ro o t-sh o o t r a t i o ,  and w eigh t were n o t a f fe c te d  s ig n i ­

f ic a n t ly  by type  o f tre a tm e n t. However, w eight was in f lu e n c e d  by th e  

r a te  o f  a p p lic a t io n  o f  phosphorous, th e  i^ O -p o u n d -ap p lica tio n  c u l tu re s  

producing h e av ie r  t r e e s  th an  b o th  th e  60-pound- and th e  120-pound- a p p l ic a t io n  

o u ltu re s .

D if fe re n c e s  i n  stem  d ia m e te r  a r e  s i g n i f i c a n t  and a re  due t o  r a t e ,  com­

b in a t io n ,  and tre a tm e n t*  D iam eter in c re a s e d  w ith  in c re a s e d  in c re m e n ts  o f  

phosphorous and w ith  an in c re a s e  i n  th e  number o f  e lem en ts  u sed  in  th e  n u ­

t r i e n t  c u l tu r e .  High r a t e s  o f  phosphorous supp lem en ted  by  n i t r o g e n ,  po­

ta ss iu m , and ca lc iu m  r e s u l t e d  i n  t r e e s  o f  l a r g e r  d ia m e te r .
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B ranch developm ent was r e l a t e d  t o  r a t e ,  co m b in a tio n , and tr e a tm e n ts  

in  much th e  same way as stem  d ia m e te r . T h is  seems to  i n d i c a te  t h a t  th e s e  

two f e a tu r e s  may be r e l a t e d .

An in c r e a s e  i n  b ra n c h in g  may be an  in d i c a t i o n  o f  s u p e r io r  t r e e  v ig o r .  

C e r ta in ly  an  in c re a s e  i n  d ia m e te r  means a  s t u r d i e r  p l a n t ,  e s p e c i a l l y  when 

h e ig h t has  n o t in c re a s e d  a lo n g  w ith  d ia m e te r . S in ce  th e  s u p e r io r i t y  in  

th e s e  c h a r a c t e r i s t i c s  was n o t  made a t  th e  expense o f  th e  r o o t  system  no 

d e p re c ia t io n  in  t r e e  q u a l i t y  has o c c u r re d . Thus t r e e s  w ith  s u p e r io r  

b ran ch in g  and d ia m e te r  m igh t p rove  to  b e  th e  b e s t  p la n t in g  s to c k .

Trees in  th e  60P-K, 120P-K, ijBOP-K, 60P-NK, 120P-NR, 480P-NK, 60P-CaNK, 

120 P-CaNK, and itBOP-CaNK c u ltu re s  have com posite t r e e  index v a lu es  o f

1 .0 , 2 .1 , 2.9* 2 .0 , 6 .6 ,  3»5» 5*5» “ id 6 .8 , r e s p e c t iv e ly .  T rees p ro ­

duced in  c u l tu re s  c o n ta in in g  calcium  were on th e  whole th e  b e s t .
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Experim ent IV 

S o il Treatm ent

The type  and tim e o f n u t r i e n t  a p p l ic a t io n  a re  shown in  Table 76. 

Length o f  Stem

Mean le n g th s  o f stem s a t  fo u r  in te r v a l s  o f t im e  a f t e r  th e  i n i t i a l  

tre a tm e n t o f  th e  s o i l  a re  shown in  Table 77• D iffe re n c es  in  mean stem 

len g th  a re  sm all th roughou t th e  experim ent, and were s ig n i f ic a n t  only  a t  

26§ weeks, when t r e e s  in  th e  60P+(ipc)l5NK c u l tu re  were s ig n i f ic a n t ly  t a l l ­

e r  th a n  th o se  in  th e  check, and th o se  in  th e  60P+(ipc)15NK(S) and th e  

60P$(3x)30NK c u l tu re s  were very  s ig n i f i c a n t ly  t a l l e r  th a n  th o se  in  th e  

check. In  o th e r  words, a l l  c u l tu re s  re c e iv in g  supplem ental n u t r i e n ts  

produced t r e e s  a t  th e  end o f th e  experim ent t h a t  were e i th e r  s ig n i f i c a n t ­

ly  o r very  s ig n i f ic a n t ly  t a l l e r  th an  th o se  in  th e  check . There were no 

s ig n i f ic a n t  d if f e re n c e s  in  stem le n g th  o f t r e e s  in  th e  th re e  c u l tu re s  

re c e iv in g  supplem ental n u t r i e n t s .  At 10 and 26ig weeks, th e  t r e e s  in  th e  

check tre a tm e n t were 8 .8  p e rc e n t s h o r te r  th an  th o se  in  th e  c u ltu re s  

which had produced th e  t a l l e s t  t r e e s ;  b u t on th e  f i r s t  d a te , the  

60P4'(i|.x)l5NK c u l tu re  had th e  t a l l e s t  t r e e s ,  w hile  on th e  l a s t  d a te , th e  

60P*(i4.x ) l5NK(S) c u ltu re  had th e  t a l l e s t  t r e e s .  The c u ltu re  to  which a l l  

n u tr ie n ts  had been ap p lied  to  th e  su rfa ce  o f th e  s o i l  had produced th e  

t a l l e s t  t r e e s  a t  th e  end o f th e  experim sn t, b u t t h i s  s u p e r io r i ty  was a t ­

ta in e d  during  th e  l a s t  6J  weeks o f  th e  experim en t.

Branch Development

Number o f branched t r e e s  and mean number o f  b ranches p e r t r e e  fo r  th e  

fou r tre a tm e n ts  in  Experim ent 17 a re  p re sen ted  in  Tables 78 and 79* r e s ­

p e c tiv e ly . D iffe re n c es  in  number o f  branched t r e e s  due to  tre a tm e n t were



T able 7 6 . —Type and tim e  o f  n u t r i e n t  a p p l ic a t io n  i n  E xperim ent IV
19^4.-45

tim e o f  n u t r i e n t  a p p l ic a t io n

Treatm ent

P r io r  to  
p la n tin g

5 weeks a f ­
t e r  p la n tin g

10 weeks a f ­
t e r  p la n tin g

1 11^  weeks a f -
t t e r  p la n tin g

15 weeks a f t e r  
p la n tin g

P2O5 N K2O N K2O N K2O * B Mn N k2o
No. t D esignation Pounds p e r acre

22
t
i6op+(4 x ) 15nk 60 15 15 15 15 15 15 - 15 15

23* j6op+(4x)15nk( s ) 60 15 15 15 15 15 15 * 1 20 15 15

24
S
*60P*(2x)30NK 60  -  - - - 30 30

s
t 1 40 30 30

25
t
t Cheek -  -  - - - - - - - -

♦A ll n u t r i e n ts  ap p lie d  to  su rfa ce  o f  s o i l ,  w h ile  f i r s t  a p p l ic a t io n  o f  n u t r ie n ts  in  Treatm ents 
22 and 24 were mixed in  upper 4  in ch es  o f  s o i l .



-  159 -

Table 7 7 . —Mean length  of stem 10, 15, 20, and 26|- weeks
a f te r  i n i t i a l  treatm ent, Experiment IV, 1914+-U5

•
e Time a f t e r  i n i t i a l  tre a tm e n t
: 10 weeks t 15 weeks t 20 weeks t 26s weeks

Treatm ent t Length o f  stem  -  mm.
j

6opH U x)15nk j 19.7
t
* U0.7

*
:

t
8U.0  : 171.8

60Pf(ipc)l5HK(si 18 .U
I
t 38.0 *

«
83 .8  * 177.8

$
6°5*(2x)30NK * 13 .U

2
S U1 . 1+

s
t

•

85.8  * 17U.8
s

Check : 18.1
t
s 39.0

s
t

•

82 .9  » 163.5
t

Standard i * t
•

d e v ia tio n  t 0 .7 •
• 2 .0 i l+ .l * 2 .1

t
D ifferen ce  i

e

*
t
t

between treat** •
• i :

ment means t o t i
be sign ifican t* •

• t t 6 .6
a t  5 and 1 s : t :
pero en t * t i t 9 .6
F value :

•
• : *

trea tm en t * 1.12 * 0 .6 2 • 0 .0 9  : 5.59*

♦ S ig n ifica n t a t 5 percent
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s ig n i f ic a n t  and in  number o f  b ranches p er t r e e  were very  s ig n i f ic a n t  

th roughou t th e  experim en t. Branch developm ent o ccu rred  e a r l i e s t  in  th e  

c u ltu re  t h a t  re c e iv e d  a l l  n u t r i e n t s  as su rfa ce  a p p lic a tio n s  (60P+(4x)15NK(S)). 

Trees in  t h i s  tre a tm e n t m ain ta ined  t h i s  s u p e r io r i ty .  A lthough th e  e x te n t  

o f th e  s u p e r io r i ty  o f  th e  60P+(i;x)l51tfK tre a tm e n t to  o th e r tre a tm e n ts  in  

number o f branched t r e e s  v a r ie d  du rin g  th e  experim en t, i t  was s ig n i f i c a n t ­

ly  su p e r io r  to  th e  60P+(2x)30NK c u ltu re  and v e ry  s ig n i f ic a n t ly  su p e r io r  

to  th e  check c u ltu re  a t  10 wedcs and a t  2 6 | w eeks. L ikew ise, th e  e x te n t  

o f the  s u p e r io r i ty  o f th e  60P+(i4.x)15NK(S) c u l tu re  to  th e  o th e r  c u l tu re s  

v a r ie d  in  th e  course o f  th e  experim en t. I t  was v e ry  s ig n i f i c a n t ly  s u p e r io r  

to  th e  60P+(2x)3GNK and th e  check c u ltu re s  a t  5 weeks and s ig n i f i c a n t ly  

su p e r io r  to  the  form er and v e ry  s ig n i f i c a n t ly  s u p e r io r  to  th e  l a t t e r  a t  

26^ weeks. The number o f  b ranched t r e e s  in  th e  60Pf(2x)30M  c u ltu re  was 

never s ig n i f i c a n t ly  g re a te r  th a n  th a t  o f o th e r  c u ltu re s  in  th e  experim ent, 

b u t i t  was n e a r ly  s ig n i f ic a n t ly  g r e a te r  th a n  t h a t  o f  th e  check a t  26^ weeks.

Only th e  60P+(ijx)15NK(S) tre a tm e n t showed s ig n i f ic a n t  s u p e r io r i ty  to  

one or more tre a tm e n ts  th roughou t the  experim ent in  th e  number o f  branches 

per t r e e ,  t r e e s  in  t h i s  c u ltu re  having e i th e r  s ig n i f i c a n t ly  o r very  s ig ­

n i f i c a n t ly  more branches th a n  th o se  in  th e  60P+(2x)30NK and check c u ltu re s  

a t  a l l  t im e s . T rees in  th e  60P+(2jx)15NK c u ltu re  showed s ig n i f ic a n t  su p er­

i o r i t y  to  t r e e s  in  th e  check c u ltu re  a t  20 weeks and m ain ta ined  t h i s  su p er­

i o r i t y  to  th e  end o f  th e  experim en t. At no tim e d id  th e  60P+(2x)3QNK 

tre a tm e n t have s ig n i f ic a n t  s u p e r io r i ty  over any tre a tm e n t in  number o f  

branches p e r t r e e .

I t  i s  obvious t h a t  two 30-pound a p p l ic a t io n s  o f N and K2O a re  n o t so 

e f f e c t iv e  in  s t im u la tin g  branch ing  as fo u r 15-pound a p p l ic a t io n s  o f  th e se  

e lem en ts .
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Table 7 8 , —Number o f branched tr e e s  a t  f iv e  in terv a ls  o f
time sifter  i n i t i a l  treatm ent, Experiment IV

1914W+5

Treatm ent

Time a f t e r  i n i t i a l  tre a tm e n t 
*3 weelcs" 3 lo  weeks 3 I'y w eeks: 20 weeks t2b& weeks

6opKUx)15NK t 20.0 35.0
t

1+0.0 * 55.0  3 65 .O

6op+(Ux)15NK(s) * 30.0 60.0
•

60 .0  * 65 .0  * 7 2 .5
e

60PV(2x)30NK 3 2 .5 15.0 22 .5  s
t

3 7 .5  * 1+7.5
•

Check : 0 .0 7 .5
•

10.0  3 2 2 .5  3 30.0

Standard d e v ia t io n  t 1+.1+ 8 .3 5 .6  3 6 .6  3 5*6
1

D iffe ren ce  between t r e a t - 3 

ment means to  be s ig n i f i - *  
can t a t  5 and 1 p e rc en t 3

13.6
19.5

26.1
37 .5

•

3

18.3  8 
26.3  3

:
20.1  3 

28 .9  s
17 .9
25.7

F v alue  tre a tm e n t * 10 . 50++ 8 . 23**
3

lU .7 2 ^ 8
3

7 . 97**3 11 . 53**

♦ ♦ S ig n ific a n t a t  1 p e rc en t
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Table 79* Number of branches per tr e e  a t four in terv a ls  o f time
a fte r  i n i t i a l  treatm ent, Experiment IV

19J4+-U5

Time a f t e r  i n i t i a l trea tm en t
10 weeks : 15 weeks t 20 weeks 1 26^ weeks

Treatm ent i Branches p e r  t r e e -  number

60p*(ipc)l5M  : 0 .75
1 : 
: . 0 .9 2  s

s
1.28 j 1 . 1+8

60P4(iix)19VTK(s) : 1.32
2 2
S 1.1+5 * 1 .70  ! 1 .92

60P+(2x)30NK j 0 .22
2 2
: 0 .1+8 t

2
0.80  s 1.10

Check : 0 .15
2 2
t 0 .3 2  » 0 .50  : 0 .78

Standard d e v ia t io n  s 0 .22 s 0 .21  t 0.23  t 0 .25

D iffe ren ce  between > 
trea tm en t means to  t 0.70

2 2
2 2 
: 0 .68  : 0 .75  : 0 .79

be s ig n i f ic a n t  a t  5 s 
and 1 p e rc e n t t 1.01

: : 
t 0 .9 8  *

<
1 .05  * 1 .15

P v a lue  i 6 . 16*
1 > 
* 5 . 66* 1

•

5.35* : 3.89*

★ S ig n ifican t a t  5 p e rc e n t.
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D iam eter o f  Stem, Dry W eight o f  Shoot, Root, and 
E n tire  T ree , and R oot-Shoot R a tio

Mean d iam eter o f  stem, d ry  w eigh ts o f  sh o o t, r o o t ,  and e n t i r e  t r e e ,  

and ro o t- sh o o t r a t i o  fo r  t r e e s  i n  eaoh c u ltu re  o f  Experim ent 17 a re  p re ­

sen ted  in  Table 8 0 , D iffe ren ce  in  means due to  tre a tm e n t e f f e c t  were 

s ig n if ic a n t  fo r  shoot and t o t a l  w e ig h t. A ll th re e  c u l tu re s  re c e iv in g  

supplem ental n u t r i e n t s  produced t r e e s  w ith  la r g e r  d iam eters  and g re a te r  

ro o t w eights th a n  th o se  in  th e  check c u l tu r e ,  b u t none were s ig n i f i c a n t ly  

su perio r*  D iffe re n c es  in  d iam eter due to  s o i l  tre a tm e n t, were n o t f a r  

from b e ing  s ig n i f ic a n t  (F v a lu e  3*36 fo r  tre a tm e n t would mean s ig n i f ic a n t  

a t  5 p e rc e n t) .

A ll c u ltu re s  re c e iv in g  supplem ental n u tr ie n ts ,  y ie ld e d  t r e e s  w ith  

s ig n i f ic a n t ly  h e a v ie r  to p s  th a n  d id  th e  cheek c u l tu r e .  The tre a tm e n t in  

which a l l  n u t r ie n ts  were a p p lie d  to  th e  su rfa ce  ( (60P+(ipc)l5NK(S)) 

y ie ld ed  t r e e s  w ith  th e  h e a v ie s t  sh o o ts , and th e y  were v e ry  s ig n i f ic a n t ly  

h eav ie r th a n  th e  t r e e  shoo ts  from th e  check c u l tu r e .  T rees from th e  form er 

tre a tm e n t were s ig n i f ic a n t ly  h e a v ie r  th an  th o s e  from 60P+(lpc)l5NK c u ltu re  

(d if fe re n c e s  between th e se  tre a tm e n ts  a re  th e  method o f  app ly ing  th e  

n u tr ie n ts  and th e  a d d it io n  o f  Mn and B in  T reatm ent 2 3 ) . T rees from t h i s  

tre a tm e n t were a lso  s ig n i f ic a n t ly  su rp assed  i n  shoo t w eigh t by t r e e s  from 

th e  60Pt(2x)30NK tre a tm e n t.

S ig n if ic a n t  d if f e re n c e s  between t o t a l  w eigh ts  o f  t r e e s  in  d i f f e r e n t  

c u ltu re s  a re  n o t so numerous as th o se  betw een shoot w e ig h ts . Both th e  

60P+(1jjc)15M and th e  60P+(i+x)l5NK(S) o u ltu re s  y ie ld e d  t r e e s  o f  s ig n i ­

f ic a n t ly  g re a te r  t o t a l  w eight th a n  th e  check, and th e  60P+ (i4x ) 15NK(S) 

c u ltu re  produoed t r e e s  o f  s ig n i f ic a n t ly  g re a te r  w eight th a n  t r e e s  from 

th e  60P+(2x)30NK c u l tu re .
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Table 80. —Mean d iam e te r, d ry  w e ig h t,o f  sh o o t, r o o t,  and e n t i r e  
t r e e ,  and ro o t-sh o o t r a t i o  o f t r e e s  o f each tre a tm e n t 
in  Experim ent IV, 19UU~h5

3 D iam eter s Dry Weight 3
9• o f stem s Shoot s Root 3 T o ta l 3R oot-Shoot

Treatm ent i mm. s grams 3 r a t i o
3

60P+(Ipc)l5NK 3 4*57 : 2.58 s 1 .38 3 3 .96
3
3 O.56

2

60P*(ltx)l5NK(S) • 4 .6 4  * 2.88
3 3

* 1 .3 2  * 4 .2 0
3

3 0 .48

60P4(2x)30NK s 4 .5 2  * 2.53 3 1 .2 6  3 3 .79
•

3 0 .5 2
•

Check : 4 .3 3  : 2.20
9 9

s 1 .22  3 3 .42 : 0 .5 5
3

Standard  deviations 0 .08  s 0 .09 3 0 .0 9  3 0 .1 6  • s 0 .01

D iffe ren ce  betwe®* 
tre a tm e n t means s 
to  be s ig n i f ic a n ts  
a t  5 * 1 p e rc en t s

0 .2 9

0 .4 2

• •

3 3 

3 3

0 .5 2

0 .7 4

9
9

3
3
3

F value  s 
tre a tm e n t s 3 .20  3 9 .9 0 +

3 3

3 0 .5 7  3 4.12+
3
3 2 .23

♦ S ig n if ic a n t a t  5 p e rc e n t .  
♦ ♦ S ig n if ic a n t a t  1 p e rc e n t .
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E ffe c t o f  Boron and Manganese

The desig n  o f  th e  experim ent d id  n o t make p o s s ib le  an a n a ly s is  o f 

the  e f f e c t  o f boron and manganese on such fe a tu re s  as h e ig h t, b ran ch in g , 

and w eight o f  t r e e s .  The purpose o f adding th s e  e lem en ts , th e  l a t t e r  in  

two d i f f e r e n t  q u a n t i t ie s ,  n e a r ly  12 weeks a f t e r  th e  experim ent was in ­

i t i a t e d ,  was to  determ ine i f  th ey  could be added in  sm all q u a n tity  w ith ­

out apparen t v i s ib le  harm. That th e se  elem ents had a f fe c te d  th e  t r e e s  

was e v id en t 2 weeks a f t e r  th ey  were a p p lie d , when th e  t i p s  o f th e  need les  

had begun to  tu rn  brown in  c o lo r .  The t r e e s  in  th e  c u ltu re s  th a t  had r e ­

ceived  4^  pounds o f  Mn showed symptoms s im ila r  to  th o se  in  the  s u l tu re s  

th a t  had re c e iv e d  20 pounds o f  Mn per a c re . At th e  end o f th e  experim ent, 

th e  extrem e t i p s  o f th e  n eed le s  were brown f o r  a  d is ta n c e  o f  l / l 6  to  1/8 

in c h . Behind th e  brown zone was a yellow -aene o f s im ila r  le n g th . On 

some t r e e ,  th e  prim ary n eed les  were dead fo r  a  d is ta n c e  o f •§■ to  1 in ch  from 

th e  t i p s .  No evidence w hatsoever was found o f  fo l ia g e  a b n o rm a litie s  on 

t r e e s  in  c u ltu re s  to  which boron and manganese had n o t been added.

The f a c t  t h a t  th e  q u a n tity  o f boron used was l e s s  th a n  0 .2  p e rc en t 

and th a t  o f manganese was 5»7 and 7*4 p e rc e n t, r e s p e c t iv e ly ,  o f  th e  maximum 

combined c o n c e n tra tio n  o f n itro g e n , phosphorous, and po tassium  used in  one 

o f the  1943- 194U greenhouse experim ents in  which no v is u a l  ev idence o f  damage 

to  the  see d lin g s  o ccu rred , in d ic a te s  t h a t  one o r b o th  o f th e se  m a te r ia ls  

must be to x ic  a t  very  low c o n c e n tra tio n . I t  i s  a t  l e a s t  ap p aren t t h a t  th e  

amounts used were in  excess o f  what th e  t r e e s  could w ith s ta n d .

NURSERY EXPERIMENTS 

The n u rse ry  experim ents were conducted in  th e  n u rse ry  o p e ra ted  by th e  

School o f F o re s try  on th e  A ustin  Cary F o re s t .  This n u rse ry , approx im ate ly
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o n e -fo u rth  ac re  in  a re a , was developed in  1938 by removing th e  f o r e s t  cover, 

c h ie f ly  lo n g le a f  and s la s h  p in e , from th e  s i t e ,  grubbing ou t th e  t r e e  stumps, 

and plowing and c u l t iv a t in g  th e  s o il*  An overhead s p r in k lin g  system  was 

in s t a l l e d  in  1939* Since th e n , approx im ate ly  o n e -h a lf  o f th e  n u rse ry  has 

been used to  produce t r e e s  each y e a r . The rem ainder has been id l e  o r  p ro ­

duced some ty p e  o f  leguminous c ro p . A lthough some k ind  o f commercial f e r ­

t i l i z e r  was a p p lie d  each y e a r to  th e  a re a  in  t r e e s  and in  cover crop , 

reco rd s  o f th e  e x ac t n a tu re  o f th e  f e r t i l i z e r s  used a re  n o t a v a i la b le .

In so fa r  as can be determ ined , a  5”8-5 fertilizer-*-®  was most o f te n  u sed .

10. The num erals r e f e r  to  th e  p e rc en t o f  N, P2O5 , and KgQ re s p e c t iv e ly ,  

in  th e  f e r t i l i z e r .

Manure has been a p p lie d  to  a  sm all p o r t io n  o f th e  n u rse ry . In  g e n e ra l, th e  

q u a li ty  o f  th e  t r e e s  produced here  p r io r  to  1942 was below average .

The s o i l  in  th e  n u rse ry  i s  c l a s s i f i e d  as N orfo lk  f in e  sand. A nalyses 

of the  p h y s ic a l and chem ical p ro p e r t ie s  o f  th e  s o i l ,  made by th e  same methods 

employed in  th e  a n a ly s is  o f  the  greenhouse s o i l ,  gave th e  fo llo w in g  data* 

M echanical A nalysis

Sands -  p e rc e n t 91

S i l t  + c lay  -  p e rc en t 9

i.8 3 ±  0 . 15#

4.551 0 .25

S o il o rg an ic  m a tte r  -  p e rc en t

M oisture .eq u iv a len t -  p e rc en t

Pore space -  p e rc e n t

T otal 57 .0

Small pores 3 5 .5

Large pores 21.5
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Base exchange c a p a c ity  -  m .e./lO O  g r .  3*32+ 0.31

Exchangeable Ca -  m .e./lO O  g r .  1*69+ 0.13

Exchangeable Mg -  m .e./lO O  g r .  O.9 I J  0 .17

Exchangeable K -  m .e./lO O  g r .  0 .4 3 i  0.08

Approximate p e rc e n t base  s a tu r a t io n  91

Phosphorous (sodium  a c e ta te  s o lu b le ) -  p .p .m .

U n trea ted  s o i l  9*0

S o il f  1 to n  c o l lo id a l  phosphate 8 .5

S o il  + 20 to n s  c o l lo id a l  phosphate 16 .0

S o il  r e a c t io n  -  pH 5*55

♦Standard d e v ia t io n  o f th e  mean.

The n a tu re  o f some o f th e  problems in v o lv ed  in  th e  management o f  

the  s o i l  a re  in d ic a te d  by i t s  sm all co n ten t o f s i l t  and c la y , low o rg an ic  

m atte r c o n te n t, low m o is tu re -h o ld in g  c a p a c ity , and low base-exchange 

c a p a c ity . In o rg an ic  p la n t  n u t r i e n t s ,  e s p e c ia l ly  the  more so lu b le  form s o f 

n itro g e n  and po tassium , a re  r e a d i ly  leached  from th e  s o i l .  Methods o f 

s o i l  management which w i l l  in c re a se  th e  co n ten t o f  o rg an ic  m a tte r  and th e  

base-axchange c a p a c ity  o f th e  s o i l  a re  e s s e n t ia l  to  econom ical use o f  any 

type o f  f e r t i l i z e r .  I t  i s  no tew orthy  t h a t  th e  exchange complex has a  h igh  

degree o f  s a tu r a t io n ,  approx im ate ly  o n e -h a lf  o f  which i s  ta k e n  up by calcium . 

The r e l a t i v e ly  la rg e  amount o f  exchangeable b ases  undoubtedly  i s  d e riv ed  

from th e  b ases c o n tr ib u te d  by f re q u e n t, heavy a p p l ic a t io n  o f  w e ll w a te r 

co n ta in in g  th e se  e lem en ts .
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191+2 N ursery  Experim ent

P lans fo r  th e  19k2 n u rse ry  experim ent, made in  February 19l\2, had 

to  be developed w ith o u t th e  b e n e f i t  o f  any r e s u l t s  from th e  194l “i*2 

greenhouse experim ent w hich had been in  p ro g ress  on ly  a few weeks. 

P re p a ra tio n  and Seeding o f  P lo ts

The a re a  in  th e  n u rse ry  to  be occupied by t h i s  experim ent was 

plowed, d isk ed , and harrowed l a t e  in  F eb ruary . The a reas  to  be occupied 

by th e  seed beds were e le v a te d  approx im ately  two in ch es  above th e  g en e ra l 

land  su rfa ce  by removing th e  to p  s o i l  from th e  p a th s  betw een the  beds and 

p lac in g  i t  on th e  seed b e d s ^ .  A fte r  l e v e l l in g ,  th e  su rfa ce  o f  th e  beds

11. Because t h i s  e le v a tio n  o f  th e  seed beds a c c e n tu a te s  th e  d ry in g  o f th e  

s o i l  and causes e ro s io n  along th e  edges o f  th e  bed, seed beds in  l a t e r  

experim ents were n o t r a i s e d .

was r o l l e d  to  compact th e  s o i l .  Two a re a s , each 100» x were devided

in to  20 p lo t s ,  each  i*.* x sep a ra te d  by a  1 -fo o t i s o la t io n  s t r i p .  The

fo r ty  p lo ts  made p o s s ib le  fo u r r e p l ic a t io n s  o f  each o f th e  te n  s o i l  t r e a t ­

m ents. The p lo ts  to  be used f o r  each tre a tm e n t were s e le c te d  a t  random.

Those p lo ts  t r e a te d  w ith  c o l lo id a l  phosphate and th o se  t r e a te d  w ith  

o rgan ic  s o i l  were p repared  on March 10. A ll p lo ts  were g iven  an a p p lic a t io n  

o f calcium  a r s e n i te  b a i t  fo r  p ro te c t io n  a g a in s t  th e  so u th ern  mole c r ic k e t  

( S c a p te r isc u s  a c le tu s  R. & H .) and changa ( S c a p te r isc u s  v ic in u s  S e u d d .).

On March 17, th e  day p r io r  to  seed in g , th e  p lo ts  which were to  be g iven  

trea tm en ts  1 and 3 (see  Table 81) re c e iv e d  an a p p lic a t io n  o f  f e r t i l i z e r ^ .

12. The seed  was sowed in  Ij.-foot rows, spaced 8 inches a p a r t ,  a t  a  r a te
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of 115 even ly  d is t r ib u te d  seeds p e r row. The seeds were t r a n s f e r r e d  

from a seed ing  l a t h  in to  s l i t s  in  th e  s o i l  approx im ate ly  l/8 -  to  l /4 - in c h  

deep and l / 2  in ch  w ide . The seed  was n o t covered w ith  s o i l ,  b u t th e  e n t i r e  

beds were mulched w ith  a  l i g h t  covering  o f lo n g le a f  p ine  n e e d le s . The 

s p e c if ic  source o f th e  seed secu red  from th e  1941 seed crop  was unknown.

I t 8 q u a l i ty ,  as ev idenced  by appearance and g erm ina tion  in  th e  n u rse ry , 

appeared good.

The seed beds were screened  to  p rov ide  p ro te c t io n  a g a in s t  b i r d s .

Care  and Treatm ent o f  Seed Beds

Except when r a i n f a l l  was adequate to  m a in ta in  s a t i s f a c to r y  s o i l  

m o istu re  c o n d itio n s , th e  seed  beds were w atered  d a ily  in  l a t e  a fte rn o o n  

fo r  th e  f i r s t  2 m onths. Twice between th e  seeding  and germ in a tio n  o f  th e  

seed, on March 17 and 27* 2 - in c h  r a in s  were reco rd ed .

G erm ination was f i r s t  no ted  9 days a f t e r  t h e  seed was sowed, and 

was p r a c t i c a l ly  com plete 13 days l a t e r .  The s tan d  o f  s e e d lin g s  was 

f a i r l y  uniform  excep t f o r  a  few sm all sp o ts  where b ird s  o r ex cessiv e  

p in e -n eed le  mulch had done some damage which r e s u l te d  in  reduced seed­

l in g  d e n s ity .

The f i r s t  f e r t i l i z e r  a p p lie d  a f t e r  seed ing  co n ta in ed  some m a te r ia l  

n o t co lu b le  in  w a te r . I t  was th e re fo re  a p p lie d  by hand to  th e  su rfa c e  o f 

each p lo t .  Enough w ater to  wash th e  f e r t i l i z e r  th o ro u g h ly  from th e  

seed lin g s  was a p p lie d  im m ediately  a f t e r  th e  f e r t i l i z e r  a p p l ic a t io n ,  and 

w ith in  2 hours a  heavy a p p l ic a t io n  o f w a te r was p rov ided  from th e  over­

head s p r in k lin g  system . The f e r t i l i z e r  used l a t e r  c o n s is te d  o f  KNOj 

and KC1 which are w a te r - s o lu b le . I t  was d isso lv e d  in  w a te r , and 

ap p lied  from a s p r in k lin g  can .
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Weeding was begun 5 weeks a f t e r  seed in g , and th e r e a f t e r ,  weeds were 

removed a t  weekly in te r v a l s  u n t i l  m id-A ugust, a f t e r  which weeding was 

p r a c t ic a l ly  d isp en sed  w ith .

O bservations, Sampling, and Measurements

O bservations o f  o o lo r and g en era l v ig o r  o f the  s e e d lin g s  in  eaoh 

p lo t were made when th ey  were approx im ate ly  2 and 6 weeks o ld .

A sam pling to  determ ine see d lin g  d e n s ity  (number o f t r e e s  per square 

fo o t)  was to  have been made fo r  th e  purpose o f a s c e r ta in in g  th e  e f f e c t  o f  

trea tm en t on t h i s  f e a tu r e ,  b u t damage by b ird s  and mole c r ic k e ts ,  *3

1J. S evera l a ttem p ts  a t  c o n tro l o f  th e  mole c r ic k e ts  were n o t e n t i r e ly  

su c c e ss fu l, and lo c a l iz e d  damage o ccu rred  th ro u g h o u t the  summer.

which was n o t un ifo rm ly  d i s t r ib u te d ,  was a f f e c t in g  see d lin g  s u rv iv a l 

as much a s , or more th a n , th e  f e r t i l i z e r  tre a tm e n t. Because o f  t h i s  con­

d i t io n ,  a c tu a l count o f se e d lin g s  was n o t made, b u t in s te a d ,  an o c u la r  

e s tim a te  o f se e d lin g  d e n s ity  was made a t  th e  end o f th e  growing season .

P r io r  to  l i f t i n g  th e  see d lin g s  on December 20 and 21 , tw elve se e d lin g s , 

(two per row ), from which c e r ta in  d a ta  were ta k e n , were s e le c te d  a t  random. 

The fo llo w in g  d a ta  fo r  each t r e e  were recorded* (1 ) h e ig h t from ground 

su rface  to  t i p  o f t e m in a l  bud ( to  1 .0  mm.); (2) number o f  b ra n c h e s ;^ -

111* So few t r e e s  developed l a t e r a l  b ranches t h a t  th e  d a ta , a f t e r  ex­

am ination , were n o t analyzed .

(3) number o f no rm ally  developed te rm in a l b u d s .^5

13* Some see d lin g s  co n tinue  th e i r  growth so l a t e  in  th e  autumn th a t  th e  

te rm in a l buds which th e y  develop a re  abnorm al. A normal bud o f  a  f i r s t - y e a r
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s la sh  p ine  has reddish-brow n bud s c a le s  and ex tends above any prim ary  n eed le s  

which may o r ig in a te  below  i t s  b a se . The abnorm al type o f bud, which ap­

p a re n tly  i s  n o t f u l l y  m ature, has g reen  bud s c a le s  and g e n e ra lly  i s  n o t 

e a s i ly  v i s ib l e  because i t  i s  overtopped  by numerous prim ary n e e d le s .

This type o f  bud i s  g e n e ra lly  a s s o c ia te d  w ith  th e  le s s  s tu rd y  se e d lin g s  

which a re  c h a ra c te r iz e d  by a sm all p ro p o r tio n  o f  secondary n e e d le s , i f  

any.

When th e  see d lin g s  were l i f t e d  from th e  n u rse ry , s p e c ia l  ca re  was 

taken  to  p rev en t lo s s  o f  any o f th e  r o o t  from th e  sample t r e e s .  S o il  was 

thorough ly  washed from th e  r o o ts ,  and th e  t r e e s  were allow ed to  d ry  p a r t i a l l y  

befo re  being t r a n s f e r r e d  to  a d ry ing  oven where th ey  were handled in  th e  

same manner as th e  t r e e s  from th e  greenhouse ex perim en ts.

S o il Treatm ents

The te n  s o i l  tre a tm e n ts  were designed  to  t e s t  th e  e f f e c t  on th e  t r e e s  

of (1) improvement in  th e  p h y s ica l c h a r a c te r i s t i c s  o f  th e  s o i l ,  (2) th e  

tim ing o f f e r t i l i z e r  a p p l ic a t io n s ,  (3 ) s p l i t  v e rsu s  s in g le  a p p l ic a t io n  o f 

f e r t i l i z e r ,  and (4) o rgan ic  v e rsu s  in o rg a n ic  sources o f  n i tro g e n . For 

improvement o f  th e  p h y s ica l q u a l i t i e s  o f  th e  s o i l ,  c o l lo id a l  phosphate and 

a s o i l  h igh  in  o rg an ic  m a tte r  from a cy p ress  pond were chosen. The form er 

was mixed in  th e  upper 6 inches o f  s o i l  a t  a r a t e  o f  20 to n s  per a c re .  The 

l a t t e r  was ap p lie d  as a  3 -in c h  la y e r  a f t e r  a la y e r  o f  th e  o r ig in a l  s o i l  

o f equal th ic k n e ss  had been removed. The o rg an ic  s o i l  was th en  mixed w ith  

the  3 in ch es  o f  o r ig in a l  s o i l  d i r e c t ly  b en ea th  i t ,  th u s  c re a t in g  a  m ix ture  

which was 50 p e rc en t o rgan ic  s o i l .  The e f f e c t  o f  app ly ing  f e r t i l i z e r  

j u s t  p r io r  to  seeding  was compared w ith  th e  r e s u l t s  o f app ly ing  i t  5 weeks 

a f t e r  seed in g . S p l i t  a p p lic a t io n s  o f f e r t i l i z e r  were r e s t r i c t e d  to  n i tro g e n
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and po tassium , b o th  o f which a re  leach ed  from th e  s o i l  e a s i ly .  N itro g en  was 

a p p lie d  e n t i r e ly  in  in o rg a n ic  form and in  equal amounts o f  in o rg a n ic  and 

o rgan ic  form s.

In  th e  i n i t i a l  a p p l ic a t io n s  in  tre a tm e n ts  re c e iv in g  in o rg a n ic  n itro g e n , 

equal amounts o f  n i tro g e n  were su p p lied  by su lp h a te  o r  ammonia and n i t r a t e  

of soda. Superphosphate su p p lied  th e  P2O5 in  a l l  tre a tm e n ts  re c e iv in g  

phosphorous excep t th e  tre a tm e n t re c e iv in g  c o l lo id a l  phosphate .

The n i tro g e n  and po tassium  a p p lie d  in  subsequen t tre a tm e n ts  came 

c h ie f ly  from  potassium  n i t r a t e ,  w ith  a sm all p a r t  o f th e  po tassium  being  

derived  from m uriate  o f  p o ta sh . M ilo rg an ite  was th e  source o f  o rg an ic  

n itro g e n  in  th e  one tre a tm e n t (number 3 ) re c e iv in g  an o rg an ic  source o f  

n itro g e n . Commercial f e r t i l i z e r s  were used th ro u g h o u t.

The q u a n tity  of n u t r i e n t s  ap p lie d  (ex cep t where c o l lo id a l  phosphate 

and o rg an ic  s o i l  were so u rc e s ) , and the tim e o f t h e i r  a p p l ic a t io n ,  a re  

shown in  Table 81, as a re  a lso  th e  d e s c r ip t iv e  d e s ig n a tio n s  used in  th e  

r e p o r t .

Measured C h a r a c te r is t ic s

The mean h e ig h ts , dry w e ig h ts , number o f  te rm in a l buds, and ro o t- sh o o t 

r a t io s  fo r  t r e e s  from th e  te n  tre a tm e n ts  in  th e  19i+2 n u rse ry  experim ent a re  

shoum in  Table 82 . S o il  tre a tm e n t had some e f f e c t  on a l l  f e a tu re s  o f  the  

t r e e s ,  b u t the  d if fe re n c e s  between th e  t r e e s  o f some tre a tm e n ts  were sm all# 

The t a l l e s t  t r e e s ,  produced by th e  o rg an ic  s o i l  tre a tm e n t, were more th an  

29 p e rcen t t a l l e r ;  and the  s h o r te s t  t r e e s ,  produced by th e  60N90F100K 

(5 weeks a f t e r  seed ing) tre a tm e n t were more th an  12 p e rc en t s h o r te r  th an  

t r e e s  produced by u n tre a te d  s o i l .  A t e s t  o f th e  s ig n if ic a n c e  o f th e  d i f ­

fe ren ces  by an a n a ly s is  o f v a ria n ce  re v e a le d  t h a t  a  s ig n i f ic a n t  d if f e re n c e  

e x is ts  in  th e  tre a tm e n t mean h e ig h ts .  The t r e e s  produced by the  o rg an ic  s o i l



Table 81 . --The q u a n tities  of n u trien ts app lied  and the time o f th e ir
a p p lica tio n  in  19U2 Nursery Experiment

i
i
j
: P r io r  to  
t seed ing

5 weeks a f t e r  
seed ing  (2 ;  
weeks a f t e r  
com pletion oT 
germ ina tion )

:
:
•

10 weeks : 15 weeks 
a f t e r  s e e d in g ia f te r  seed ing

20 weeks 
a f t e r  seeding

Treatm ent P205 k2o N P205 K20 fi K20 t N K20 N K20
Number■: D esignation i Pounds p e r  ac re

1

t i
*60N90P100K t 
j ( p r io r  to  seed in g ) *60 90 100 - - - - -

i
••
< «• - - -

la

s60N90P100K 
t (5  weeks a f t e r  
t seed ing)

■
:
I
i - 60 90 100

t
t
•

2
t
*15N90P55K • w• - - 15 90 55 - - 1 - - - -

3
I60N90P100K 
*(50$ o rgan ic  N) *60 90 100 - - - - -

••
•• - - - -

h

:15N90P55K
J+15NK

I
- - 15 90 55 15 15

»
••
•

- - - -

5

•
* 15N90P55K 
:(2x)l5NK

t
- - 15 90 55 15 15

••
:
t

15 15 - -

6
J1 5 W 5 5 K
i(3*)19JK

:
- - 15 90 55 15 15

i
••
«

15 15 15 15

7

s
J20C.P. 15N55K 
*(3x)l5NK

i
s

* - 15 - 55 15 15
:
s 15 15 15 15

8
:
sOrganic s o i l

•

- 15 90 55 15 15 <
s

15 15 15 15

Check
•
tCheck - - : - - - - i - - mt

*20 to n s  p e r a c re  o f c o l lo id a l  phosphate 
^3 inch  la y e r  o f o rgan ic  s o i l
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Table 82. —The mean h e ig h t ,  d ry  w e ig h t, number of te rm in a l 
buds, and ro o t-sh o o t r a t io s  of 1 -y ea r s la sh  pine 
se e d lin g s  grown in  A u stin  Cary N ursery  in  d i f f e r e n t  

s o i l  tre a tm e n ts

•• H eight Dry Weight TerminalBuda R oot-shoot
Treatm ent : mm. g r . number R atio s

60N90P100K : 
( p r io r  to  seed in g ) i 99.1 1 . 1*2 0 .79 0 .1*0

t
60N90P100K : 
(5  weeks a f t e r  s e e d in g ):. 91 .1* 0 .98 0 . 1*2 O.38  .

•

15N90P55K : 
(5  weeks a f t e r  see d in g ): 101.6 1 .35 0.83 0 .3 9

•

60N90P100K : 
(50% o rg an ic  N) : 106.7 1.98 0 .83 0.31*

I

15N90P55K415NK : 106.7 1.76 1.31 O.38

15N90P55Kf(2x)l5NK * 106.7 1 .85 1.08 0 .39
I

15N90P55K4(3x )15NK s io l* .i 1.53 0 .67 O.36

20C.P.15N15KV(3x )15NK : 116.8 2.39 1.19 0.3U
t

Organic s o i l  : 13I+.6 3 .26 1.98 0.30
2

Check : io l* .l 1 .86 0 .79 0 .37
2

Standard  d e v ia t io n  : 7 .3 0.3U 0 .6 5 0.03
2

D ifferen ce  between : 
trea tm en t means to  be : 
s ig n if ic a n t  a t  5 and : 
1 p e rc en t :

20.3

27.9

0 .98

1.33
:

F value tre a tm e n t : 2.6U+ 3.1+8++ 0.1*5 1.78

♦ S ig n if ic a n t a t  5 p e rc e n t. 
♦ ♦ S ig n if ic a n t a t  1 p e rc e n t .
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trea tm en t a re  very s ig n i f ic a n t ly  t a l l e r  th an  th o se  produced by a l l  t r e a t ­

ments excep t one, th e  c o l lo id a l  phosphate tre a tm e n t. The c o l lo id a l  phos­

phate tre a tm e n t produced t r e e s  s ig n i f ic a n t ly  t a l l e r  th an  th o se  produced 

by one tre a tm e n t-  6OK9OPIOOK (5 weeks a f t e r  seed ing ) tre a tm e n t. D iffe re n c es  

in  h e ig h ts  o f  S eed lings between o th e r  tre a tm e n ts  were n o t s ig n i f ic a n t .  I t  

i s  notew orthy th a t  on ly  th o se  tre a tm e n ts  which a l t e r  th e  p h y s ica l c o n d itio n  

of the  s o i l  y ie ld e d  t r e e s  w ith  g re a te r  h e ig h ts  than  th o se  from th e  un­

tr e a te d  s o i l ,  and th a t  t r e e s  from on ly  one o f th e se  were s ig n i f ic a n t ly  

t a l l e r  th an  th o se  from  th e  check.

Dry w eigh ts show much th e  same r e la t io n s h ip  to  tre a tm e n t as do 

h e ig h ts . T rees produced by a l l  c u l tu re s  ex cep tin g  th e  c o l lo id a l  phos­

phate tre a tm e n t were i n f e r i o r  in  w eigh t to  th e  t r e e s  produced by th e  

organic s o i l  c u l tu r e .  T rees from th e  6OK9OPIOOK (5 weeks a f t e r  seed ing) 

trea tm en t were i n f e r io r  in  w eight to  th o se  from th e  c o l lo id a l  phosphate 

c u ltu re .

The mean number o f  te rm in a l buds per t r e e ,  a lth o u g h  d i f f e r in g  w ide ly  

w ith  s o i l  tre a tm e n t, shows no s ig n i f ic a n t  d if f e re n c e  between th e  tre a tm e n t 

means. The wide v a r ia t io n  between in d iv id u a l t r e e s  in  th e  number o f  buds 

i s  th e  cause o f th e  la ck  o f s ig n i f ic a n t  d i f f e r e n c e s .  I t  should be n o ted  th a t  

the  o rg a n ic -s o il  tre a tm e n t which produced th e  t a l l e s t  and h e a v ie s t t r e e s  

a lso  ranks f i r s t  in  number o f  te rm in a l buds. L ikew ise, th o se  tre a tm e n ts  

which rank  low est in  h e ig h t and w eight rank  low est a lso  in  number o f  t e r ­

minal buds.

R oot-shoot r a t io s  show sm all d if f e re n c e s  between tre a tm e n ts , and th e se  

d iffe re n c e s  a re  no t s ig n i f i c a n t .  A lthough th e re  i s  no marked tre n d  in  th e  

ro o t-sh o o t r a t i o s ,  i t  i s  notew orthy th a t  th e  tre a tm e n ts  producing th e  

t a l l e s t  and h e a v ie s t t r e e s  have the  low est ro o t-sh o o t r a t i o s .  This in d ic a te s
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t h a t ,  p ro p o r t io n a te ly , th e  to p  b e n e f i ts  more from th e  supplem ental nu­

t r i e n t s  th a n  th e  r o o ts .

Observed C h a r a c te r is t ic s

O cular e s tim a te s  o f c o lo r  and g en era l v ig o r o f th e  see d lin g s  

during  th e  f i r s t  2 months fu rn ish e s  o b se rv a tio n a l d a ta  w hich help  to  supp le­

ment and in t e r p r e t  th e  s t a t i s t i c a l  d a ta . The most conspicuous abno rm ality  

in  c o lo r  and v ig o r 2 months a f t e r  seed ing  was found in  th e  see d lin g s  grow­

ing in  p lo ts  t r e a te d  w ith  60 pounds o f  n i tro g e n , 90 pounds o f PgO^, and 

100 o f K2O 5 weeks a f t e r  seed in g . Two o f the  fo u r p lo ts  o f t h i s  

tre a tm e n t were d e sc rib ed  as below average in  v ig o r . The t i p s  o f the  

co ty ledons o f most o f  th e  s e e d lin g s  in  th e  fo u r p lo ts  o f  t h i s  c u ltu re  were 

brown. T his c o n d itio n  su g g ests  t h a t  th e  se e d lin g s  were ’’burned'* by th e  

f e r t i l i z e r .  I t  i s  no tew orthy  th a t  t h i s  tre a tm e n t produced t r e e s  o f 

l e a s t  h e ig h t and w eig h t, and w ith  th e  few est te rm in a l buds.

In  marked c o n tra s t  were th e  t r e e s  in  p lo ts  re c e iv in g  the  o rg an ic  

s o i l  and c o l lo id a l  phosphate tre a tm e n ts .  Two of th e  fo u r p lo ts  in  

bo th  o f th e se  tre a tm e n ts  were d esc rib ed  as c o n ta in in g  t r e e s  co n sid e ra b ly  

above average in  v ig o r . The fo l ia g e  o f  th e s e  t r e e s  was b lu e -g reen  in  

c o n tra s t  to  th e  green  and y e llo w -g reen  o f  t r e e s  growing in  d i f f e r e n t ly  

t r e a te d  s o il*  The o th e r two p lo ts ,  a lth o u g h  n o t e x h ib it in g  d if f e r e n c e s  

in  v ig o r and n eed le  c o lo r  as marked as th e  p lo ts  j u s t  d e sc r ib e d , d id  

appear somewhat su p e r io r  in  ir ig o r . T rees from th e se  tre a tm e n ts  were 

t a l l e r  and h e a v ie r  and had developed more te rm in a l buds a t  the  end o f  

th e  experim ent th a n  t r e e s  from o th e r  c u ltu re s*

Trees growing in  th e  p lo ts  o f  th e  o th e r  seven tre a tm e n ts  e x h ib ite d  

no v ig o r o r c o lo r  c h a r a c te r i s t i c s  which d is t in g u is h e d  th o se  o f  one t r e a t ­

ment from another*
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J u s t  p r io r  to  h a rv e s tin g  th e  t r e e s ,  d if f e re n c e s  in  se e d lin g  den­

s i ty  were e v id en t among th e  v a rio u s  p lo t s .  Note was made o f th e  p lo ts  

in  which see d lin g  d e n s ity  was e x c e p tio n a lly  low. The r e s u l t s  o f t h i s  

ta b u la t io n  were as fo llow ss

Treatm ent Number o f  p lo ts  o f  e x c e p tio n a l­
ly  low see d lin g  d e n s ity

60N90P100K ( p r io r  to  seed ing ) 3

60N90P1G0K (5 weeks a f t e r  seed­
in g ) i+

15N90P55K l

60N90P100K ( 50$ o rg an ic  N) 0

15N90P55K
15NK 0

15N90P55K
(2x)15NK 1

15N90P55K
(3*)15STK 1

20 C. P . 15N15K
(3x)l5MK 1

Organic s o i l  0

Check 2

E x ce p tio n a lly  low se e d lin g  d e n s ity  i s  most e v id en t in  th e  two 

tre a tm e n ts -  6QN90P100K ( p r io r  to  seed ing ) and 6ON9OPIOOK (5 weeks a f t e r  

s eed in g )- re c e iv in g  heavy i n i t i a l  a p p lic a t io n s  o f  f e r t i l i s e r .  E v id en tly  

too g re a t c o n c e n tra tio n  o f n u t r i e n t s ,  e s p e c ia l ly  th e  r e a d i ly  a v a ila b le  

ones- n itro g e n  and p o tassium - was re sp o n s ib le  fo r  h igh  seedling m o r ta l i ty .  

The h ig h e s t seed ling  d e n s i t ie s  were n o ted  in  one p lo t  o f th e  c o l lo id a l  phos­

phate  and two p lo ts  o f  th e  o rg an ic  s o i l  tre a tm e n t.
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Summary and Im plications o f  R esults

A lthough th e  r e s u l t s  o f 1942 n u rse ry  experim ent are n o t ve ry  con­

c lu s iv e  on a l l  a sp e c ts  o f  f e r t i l i z a t i o n  th a t  were s tu d ie d , th e  e f f e c t s  o f 

some phases o f  s o i l  improvement a re  f a i r l y  d e f in i te  and in  o th e rs , some 

tre n d  i s  i n d i c a t e d . ^

16. L a te r  ex p erien ce  dem onstrated  t h a t  d if f e r e n c e s  in  response  to  n u t r i e n t  

tre a tm e n ts  a re  g re a te r  when o th e r  n u rse ry  p r a c t ic e s  a re  n e a re s t  to  th e  o p t i ­

mum fo r  see d lin g  developm ent. C u ltu ra l  p r a c t ic e s  were n o t id e a l  in  1942.

In  g e n e ra l, s la s h  p ine  se e d lin g s  were n o t b e n e f i t te d  by th e  ad­

d i t io n  o f  r e a d i ly  a v a i la b le  n u t r i e n t s ,  r e g a rd le s s  o f method o f a p p lic a t io n , 

when n o th in g  was done to  change th e  p h y s ica l c o n d itio n  o f  th e  s o i l .  On 

the  o th e r hand, when o rg an ic  s o i l  was added to g e th e r  w ith  in o rg a n ic  

n u t r ie n ts ,  s ig n i f ic a n t  d if f e re n c e s  developed in  th e  t r e e s .  They were 

t a l l e r ,  h e a v ie r , and had more te rm in a l buds th a n  t r e e s  grown in  un­

t r e a te d  c u ltu re s  o r  in  th o se  re c e iv in g  in o rg a n ic  n u t r i e n t s  o n ly .

C o llo id a l phosphate w ith  in o rg a n ic  n u t r i e n t s  improved th e  t r e e s ,  b u t th ey  

were n o t s ig n i f ic a n t ly  su p e r io r  to  th o se  grown in  u n tre a te d  s o i l  or s o i l  

to  which o th e r  n u t r i e n t s  had been added. A p p aren tly , le a c h in g  o f r e a d i ly  

a v a ila b le  n u t r ie n ts  i s  to o  ra p id  in  o therw ise  u n tre a te d  s o i l  to  a llow  

th e  se e d lin g s  to  d e r iv e  any b e n e f i t  when th e y  a re  added e i t h e r  e n t i r e ly  

a t  th e  tim e o f seed ing  o r 5 weeks a f t e r  seed ing  o r in  s p l i t  a p p lic a t io n s  

a t  5“week in t e r v a l s .  Such f re q u e n t w a terin g  i s  n e ce ssa ry  in  th e  absence 

of r a i n f a l l  t h a t  le ach in g  i s  alm ost co n tin u o u s. Leaching i s  escen tuated  

when heavy f a l l s  o f  r a in  occu r. An exam ination  o f  th e  r a i n f a l l  reco rds 

during th e  experim ent re v e a ls  t h a t  on one o ccas io n , a 2 - in c h  r a in  f e l l  

w ith in  a  few hours a f t e r  th e  a p p l ic a t io n  o f f e r t i l i z e r ,  and on ano ther
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occasion , a  1 . 20- in c h  r a in  f e l l  soon a f t e r  f e r t i l i z a t i o n .

A lthough s ig n i f ic a n t  d if f e re n c e s  in  th e  m easured c h a r a c te r i s t i c s  

o f the  t r e e s  produced by th e  two 60N90P10QK tre a tm e n ts  and th e  check 

a re  n o t e v id e n t , see d lin g s  o f  th e se  th re e  tre a tm e n ts  show a tendency 

toward i n f e r i o r i t y ,  and s e e d lin g  m o r ta l i ty  was h e a v ie r  i n  th e se  c u l tu r e s .  

Even though th e  e f f e c t s  o f  th e s e  tre a tm e n ts  were n o t regarded  as d e t r i ­

m en ta l, th e y  a re  o e r ta in ly  uneconom ical.

A lthough no s ig n i f ic a n t  d if f e re n c e  e x is t s  between th e  see d lin g s  

produced by th e  two 60N90P100K tre a tm e n ts , th o se  produoed when th e  

n u tr ie n ts  were a p p lie d  5 weeks a f t e r  seed ing  show an i n f e r i o r i t y  to  

those produced when th e  n u t r i e n t s  were a p p lie d  j u s t  p r io r  to  seed in g .

The 2 - in c h  r a in  which f e l l  soon a f t e r  th e  l a t t e r  tre a tm e n t may have 

caused enough le ac h in g  o f  th e  r e a d i ly  a v a i la b le  n u t r i e n t s  to  minimize 

damage to  th e  se e d lin g s  w hich began making t h e i r  appearance 9 days l a t e r .  

P r a c t ic a l ly  no r a in  f e l l  f o r  n e a r ly  a  month fo llo w in g  th e  a p p l ic a t io n  o f 

the  6ON9OPIOQK tre a tm e n t 5 weeks a f t e r  seed in g , consequen tly  th e  s e e d lin g s -  

m ostly  13 to  26 days o ld -  were p robab ly  under th e  in f lu e n c e  o f  a  r e l a t i v e ly  

h igh  c o n c e n tra tio n  o f n u t r i e n t s  fo r  s e v e ra l days s in c e  th e  g e n tle  f a l l  o f  

w ater in  r e l a t i v e ly  sm all q u a n tity  from th e  overhead sp r in k lin g  system  

probably  caused r a th e r  slow  le a c h in g .

"When th e  n i tro g e n  and po tassium  were added in  two to  fo u r ap­

p l ic a t io n s ,  th e  t r e e s  were n o t n o tab ly  d i f f e r e n t  from th o se  developed 

w ith  no s o i l  tre a tm e n t. Those re c e iv in g  two and th re e  a p p lic a t io n s  o f  

th e se  n u t r i e n t s  were su p e r io r  in  h e ig h t, w e ig h t, and bud development to  

th e se  re c e iv in g  th e  e n t i r e  supply  o f n itro g e n  and po tassium  p r io r  to  

seeding o r 5 weeks a f t e r  seed in g . The d if fe re n c e s  were n o t s ig n i f ic a n t ,  

however.
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The c u ltu re  in  which 50 p e rc e n t o f th e  n i tro g e n  was o f  o rgan ic  

o r ig in  produced somewhat b e t t e r  t r e e s  th an  th e  two c u l tu re s  re c e iv in g  

the same q u a n tity  o f  n itro g e n  (and equal amounts o f  phosphorous and 

potassium ) o f  in o rg a n ic  o r ig in .  Again, th e  d if fe re n c e s  a re  n o t s ig n i f i c a n t .  

The f a c t  th a t  th e  on ly  v a r ia b le  in  th e  n u t r i e n t s  used in  th e se  th re e  t r e a t ­

ments was th e  n itro g e n  source su g g ests  t h a t  too  much r e a d i ly  a v a ila b le  

n itro g en  i s  more l i k e ly  to  be harm ful to  young s la s h  p ine  se e d lin g s  th a n  

too much r e a d i ly  a v a i la b le  p o tassium .

In  c o n s id e rin g  th e  e f f e c t  o f th e  d rg an ic  s o i l ,  i t  i s  w e ll to  keep 

in  mind th a t  t h i s  m a te r ia l  does more than change th e  p h y s ic a l c h a ra c te r ­

i s t i c s  o f th e  o r ig in a l  s o i l .  I t  has e q u a lly  im p o rtan t e f f e c t s  on the  

chemical and b io lo g ic a l  f e a tu r e s ,  some o f which may be very  complex. The 

organic  s o i l  in c re a s e s  th e  base exchange c a p a c ity ; i t  adds v a rio u s  

n u t r ie n ts ,  e s p e c ia l ly  n i tro g e n , p a r t  o f  w hich i s  o rg an ic ; and i t  adds 

new m icroorganism s and p o s s ib ly  growth hormones. The o r ig in a l  s o i l  i s ,  

th e re fo re , r a d ic a l ly  changed. This i s  e v id en t by th e  g re a t s u p e r io r i ty  o f  

the  t r e e s  produced in  th e  o rg an ic  s o i l  tre a tm e n t over a l l  excep t th e  c o l­

lo id a l  phosphate tre a tm e n t.
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19k5 Nursery Experiment

Experim ental tech n iq u e  and c u l tu r a l  methods used in  t h i s  experim ent 

were s im ila r  to  th o se  employed in  th e  19h2 N ursery E xperim ent. Techniques 

in  th e  19^5 N ursery  Experim ent which d i f f e r e d  from th o se  in  th e  p rev ious 

experim ent are  d iscu ssed  b r i e f l y  below . Each o f th e  two seed beds was 

d iv ided  in to  e ig h te e n  p lo t s ,  each 5 ' * V3** ( Fi g # 18)• I s o la t io n  s t r i p s  

were n o t l e f t  between p lo t s .  The d isadvan tage  o f having p lo ts  in v o lv in g  

d i f f e r e n t  s o i l  tre a tm e n ts  jo in in g  each o th e r  was d isposed  o f by e lim in a tin g  

a 6 - in c h  s t r i p  a t  each  end o f ev ery  p lo t  in  th e  random s e le c t io n  o f sample 

t r e e s .  The two seed beds p rov ided  t h i r t y - s i x  p lo t s ,  th u s  making p o s s ib le  

the  use o f  n in e  s o i l  tre a tm e n ts , each r e p l ic a te d  fo u r tim es .

A P la n e t J r .  seed d r i l l  was used to  sow th e  seed , on March 12, in  

rows running  leng thw ise  o f  th e  beds, th e  rows b e in g  spaced 7 inches 

a p a r t .  The d r i l l  was re g u la te d  to  p ro v id e  d i s t r ib u t io n  o f seed a t  a r a te  

o f approx im ate ly  tw e n ty -f iv e  seeds p e r l in e a r  f o o t ,  th e  o b je c t iv e  being  

to  secu re , u l t im a te ly ,  te n  to  f i f t e e n  t r e e s  p e r f o o t .  The seed was secu red  

from th e  F lo r id a  F o re s t S e rv ic e , and i t s  s p e c i f ic  source was n o t known. 

Germ ination was f i r s t  in  evidence on March 20 .

P r e c ip i ta t io n  reco rd s  a t  th e  n u rse ry  s i t e  re v e a l t h a t  no r a in  f e l l  

during  March and t h a t  only 0 .3 0  in c h  f e l l  between A p ril 1 and A p ril 22 . I t  

was n e ce ssa ry , th e re fo re ,  du ring  th e  f i r s t  6 weeks o f t h e  experim ent, to  

m ain ta in  adequate s o i l  m o is tu re  by supp ly ing  w ater from th e  sp r in k lin g  

system . The f i r s t  a p p l ic a t io n  o f n itro g e n  and po tassium , and o f phosphrous 

in  T reatm ent 8 , on A p ril 19 was fo llow ed on A p ril 23 by a r a i n f a l l  o f 2 .71 

inches during  a 12-hour p e r io d , and on A p ril  29 by one o f 1 .66  inches dur­

ing a  6 -hour p e r io d . May was r e l a t i v e l y  d ry , w ith  p r e c ip i ta t io n  t o t a l l i n g  

1.88 in ch es  fo r  th e  month, a l l  o f  which f e l l  du rin g  th e  f i p s t  16 days.
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No r a in  f e l l  fo r  n e a r ly  2 weeks a f t e r  th e  a p p l ic a t io n  o f n u t r ie n ts  on 

May 2k‘ On June 7 > 1*79 in ch es  o f r a in  f e l l .  R a in fa l l  was p l e n t i f u l  

during June, th e  t o t a l  f a l l  b e ing  7»51 in c h e s . P r e c ip i ta t io n  was l i g h t  

during th e  f i r s t  h a l f  o f Ju ly , t o t a l l i n g  O.98  in ch  which f e l l  in  fo u r 

showers. S ince th e  t h i r d  a p p l ic a t io n  o f n u t r i e n t s  was made on June 28, 

and s in ce  no s in g le  r a in  storm  between th a t  d a te  and August 1 produced 

more th an  0.73 in c h , th e  n u t r i e n t s  were n o t a c te d  upon by heavy r a in s .

The fo u r th  a p p l ic a t io n  o f n u t r i e n t s  on August 2 was fo llow ed  by a 3*24-in ch  

r a in  w ith in  12 h o u rs . T o ta l p r e c ip i t a t io n  fo r  Ju ly  was 3*5^- f o r  

August was 9*80 in c h e s .

P r io r  to  l i f t i n g  them in  Jan u ary , f i f t e e n  t r e e s ,  from which d a ta  on 

v a rio u s  f e a tu re s  were secured  l a t e r ,  were s e le c te d  a t  random and marked 

fo r  fu tu re  u s e . Length o f stem  from th e  co ty ledons to  th e  t i p  o f  the  

te rm in a l bud ( to  J  1 .0  mm.) and number o f  te rm in a l buds were recorded  

b e fo re  th e  t r e e s  were l i f t e d .  Each t r e e  was c l a s s i f i e d  on th e  b a s is  o f  

predominance o f  prim ary and secondary  n e e d le s . A f te r  the  t r e e s  were 

l i f t e d  and washed, th e  d iam eter o f  each  was m easured ( to  J  0 .01 mm.) w ith  

a m icrom eter, and th e  g reen  w eight o f  th e  e n t i r e  t r e e  was weighed 

( to  $ 0.01 g r . ) .  Time d id  n o t perm it d ry ing  th e  t r e e s  and secu rin g  dry  

w eight s e p a ra te ly  on shoo ts  and r o o ts .

S o il Treatm ents

S ince s la s h  p in e  see d lin g s  had responded most in  th e  greenhouse ex­

perim ents to  s o i l  tre a tm e n ts  c o n ta in in g  c o l lo id a l  phosphate , e s p e c ia l ly  

when n itro g e n  and potassium  were in c lu d ed , and s in ce  th e y  had made some 

response to  s im ila r  tre a tm e n ts  in  a p rev io u s n u rse ry  experim ent, th e  19U5 

Nursery Experim ent was designed  p r im a r i ly  to  t e s t  s im ila r  tre a tm e n ts  in  th e  

n u rse ry . C o llo id a l phosphate was used a t  r a t e s  o f  1 and 20 to n s  p e r a c re .
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N itrogen and po tassium  were a p p lie d  e i th e r  two o r fo u r  tim es a t  r a te s  o f 

e i th e r  15 o r 30 pounds per a c re  o f  N and K2O eaoh tim e . In  one c u l tu re ,  

Ca(H2P0]+)2H20 , which when used  alone in  a  greenhouse c u ltu re  had produced 

marked response  by s la s h  p in e  s e e d lin g s , was used  in  com bination w ith  n i t r o ­

gen and po tassium . C. P . chem icals were used as so u rces  o f  n i tro g e n  and po­

tassium  in  a l l  tre a tm e n ts  t h a t  were su p p lie d  w ith  th e s e  e lem ents and o f 

phosphorous in  Treatm ent 8 . NlfyNC  ̂ and KC1 su p p lied  th e  n itro g e n  and po tassium , 

r e s p e c tiv e ly . D e ta i ls  o f  n in e  s o i l  tre a tm e n ts  a re  shown in  Table 83•

Length  o f  Stem, D iam eter, and Green W eight

The mean le n g th s  o f stem , d iam e ters , and g reen  w eigh ts  o f  th e  t r e e s  

in  each tre a tm e n t a re  p re sen te d  in  Table 8i+. The an a ly se s  o f  v a ria n c e  o f 

each o f  th e  th re e  f e a tu re s  re v e a l th a t  th e re  a re  very  s ig n i f ic a n t  d i f ­

fe ren ces  between th e  tre a tm e n t means o f stem  le n g th , b u t no s ig n i f ic a n t  

d if fe re n c e s  between th o se  o f  d iam eter and w e ig h t. The F v a lu es  o f  2 .11  

and 1 . 90» r e s p e c t iv e ly ,  were n o t much below th e  2 .3 6  needed to  dem onstrate 

s ig n if ic a n t  d if f e r e n c e s .  I t  i s  the  a u th o r 's  b e l i e f  th a t  c e r ta in  f a c to r s  

which caused marked d if f e r e n c e s  between in d iv id u a l t r e e s  w ith in  p lo ts  o f 

the  same s o i l  tre a tm e n t were re sp o n s ib le  fo r  th e  lao k  o f s ig n i f ic a n t  d i f ­

fe ren ces  in  th e  means o f stem d iam eter and t r e e  w e ig h t. Under n u rse ry  

c o n d itio n s , a  l im ite d  number o f  seeds germ inate  long a f t e r  th e  m a jo r ity  

have germ inated . Those t h a t  germ inate l a t e ,  being  younger th an  th e  

m a jo rity  o f s e e d lin g s , do n o t a t t a i n  th e  s iz e  o f  th o se  t h a t  germ inated  

e a r l i e r .  This accoun ts fo r  p a r t  o f  the  v a r ia t io n  among s e e d lin g s . I t  was 

observed a lso  th a t  see d lin g  d e n s ity  v a rie d  w ith in  p lo ts  (F ig . 1 8 ). Even 

more im portan t i s  th e  f a c t  t h a t  seed lin g  d e n s ity  d i f f e r e d  w ith  s o i l  t r e a t ­

ment. The p lo ts  re p re se n tin g  th e  s o i l  tre a tm e n ts  which produced th e  s h o r te s t ,  

sm a lle s t d iam eter, and l i g h t e s t  ( in  w eight) t r e e s  had th e  low est se e d lin g
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Table 83.  --Type and amount of n u tr ien t a p p lica tio n  in  1945
Nursery Experiment

x Time o f  n u t r i e n t  a p p l i c a t io n
: : 52 weeks slO-g- weeks il^g- weeks t 20g- weeks
{ P r io r  t o  : a f t e r  x a f t e r  : a f t e r  : a f t e r
xfceading t se e d in g  : s e e d in g  x se e d in g  x s e e d in g
{ C o llo id a l {

T rea tm en t {phosphate  :P205 N K2Q N K20 : N K20 1 J  K2Q

No.
t
{Designation

Tons
acre

per *■

•
t Pounds per acre

1
•

x20C .P.*(4x )15NK 20 15 15 15 15 15
x

15 s 15 15

2
3
s20C .P .K 2 x)30NK 2D 30 30 - - 30 30 { - -

5 {20C.P.*()4x )30NK
1

20 - 30 30 30 30 30 30 { 30 30

4
•  •

{20C.P. x 20 1

5 slC.P.f()4x)l5NK 1
»

- 15 15 15 15 15 15 * 15 15

6 xlC.P.V(4x)30NK 1 - 30 30 30 30 30 30 x 30 30

7 xlC .P . 1 - -  - - - - • - -

8
•

: 60Pf([pc)l5NK 60 15 15 15 15 15
3

15 * 
•

15 15

9 {Check - tm -  - - - am mm -
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Table 8L. —Mean length of stem, diam eter, and green w eight o f
tr e e s  in  19h5 Nursery Experiment

Treatm ent t
Length of stem 

mm.
* d ia m e te r  o f stem*
* mm. *

Green w eight 
g r .

20C.P.f(ipc)l5NK * 162.8
* *
* 1+.28 * 8 .7 2

20C.P.*(2x)30NK : lU l.6
* * 
* 3 .99  * 8.23

20C.P.*(ipc)30NK * 171.7
2 2
* L..26  * 10.09

20C.P. * 159.2
2 2 
t L .00  * 8 .37

lC .P.f(ipc)l5N K  * 132.9
2 2 
* 3 .50  : 6.03

1C .P.+(ipc)30NK s 138.0
2 2
: 3 . 8O * 7.17

1C.P. : 112.2 * 3 .25  r 5.0U

60P^(i4x ) 15NK : 13U.5
* * 
* 3 .30 * 6 .7 2

Check s 113.6 * 3-UU * 5.88

S tandard  s 
d e v ia t io n  t 10 .6

* * 
* 0 .2 5  s 1.17

D iffe ren ce  b e - * 
tween tre a tm e n t * 
means to  be s ig -  s 
n i f i c a n t  a t  5 and: 
1 p e rc en t *

31.0

b 2 .o

: t 
* * 
* * 
* : 
* *

F value trea tm en t* 3 . 53**
* * 
* 2.11 * 1*99

♦★ Significant a t 1 p ercent.
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d e n s ity . For t h e i r  h e ig h t, t r e e s  in  th e  lo w -d en s ity  p lo ts  appeared  to  

have r e l a t i v e l y  s tu rd y  sh o o ts , and th e y  had w id e-sp read in g  ro o t  system s.

Had th ey  grown in  h ig h -d e n s ity  p lo ts  t h e i r  stems p ro b ab ly  would have been 

th in n e r  and t h e i r  ro o ts  le s s  e x te n s iv e . Thus, s e e d lin g s  grown in  lo w -d en s ity  

p lo ts  would oonceivab ly  g a in  some advantage in  d iam eter and w eigh t over 

th o se  grown in  h ig h -d e n s ity  p lo t s ,  an advantage caused by th e  d if f e r e n c e s  

in  see d lin g  d e n s i ty .  T his would ten d  t o  reduce th e  d if fe re n c e  i n  t r e a t ­

ment means. T h is , combined w ith  th e  wide v a r ia t io n  betw een in d iv id u a l 

see d lin g s  in  th e  same tre a tm e n t (due p a r t l y  to  d e n s ity  v a r ia t io n s  w ith in  

p l o t s ) ,  makes th e  s tan d a rd  d e v ia t io n  la r g e ,  and may account fo r  a  la c k  

of s ig n i f ic a n t  d ifference*! betw een tre a tm e n t means o f  stem  d iam eter 

and t r e e  w e ig h t. In  o th e r  words, th e  e f f e c t  o f  t  he tre a tm e n t on se e d lin g  

d e n s ity  c re a te d  a v a r ia b le  f a c to r  which confused  th e  e f f e c t  o f  tre a tm e n t 

on c e r ta in  c h a r a c te r i s t i c s  o f  th e  t r e e s .  In  view  o f th e se  f a c t s  and th e  

c lo sen ess  o f  th e  F v a lu es  o f  tre a tm e n t f o r  d iam eter and w eigh t to  th o se  

needed fo r  s ig n if ic a n c e  a t  5 p e rc e n t, th e  au th o r b e lie v e s  th e  d iam eter and 

w eight d if f e r e n c e s  caused by tre a tm e n t can be assumed to  be s ig n i f i c a n t .

At le n g th  o f  stem , t r e e s  in  th e  20 C. P . +(4x)30NK c u ltu re  were 

o u ts ta n d in g . These t r e e s  were v e ry  s ig n i f i c a n t ly  t a l l e r  th a n  th o se  in  

th e  check and th e  1 C. P . tre a tm e n ts  (F ig . 2 1 ), and s ig n i f i c a n t ly  t a l l e r  

th an  th o se  i n  th e  1 C. P> +(i|x)3QNK, and 60P+(ipc)15NK c u l tu r e s .  They were 

n e a r ly  s ig n i f i c a n t ly  t a l l e r  th a n  th o se  i n  th e  20 C. P . +(2x)3GNK c u l tu r e .

Trees i n  th e  20 C. P . +(l+x)15NK and th e  20 C. P« c u l tu re s  were ve ry  

s ig n i f ic a n t ly  t a l l e r  th a n  th ose  in  th e  eheok and th e  1 C. P . c u l tu re s  

(F ig . 1 9 ) . Those in  th e  20 C. P . ■f(i+x)15NK c u ltu re  lacked  on ly  a  l i t t l e  o f  

being  s ig n i f i c a n t ly  t a l l e r  th a n  th o se  in  th e  1 C. P . i ( l4x ) 15NK and
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1 C. P.+(itx)30NK tre a tm e n ts , and th o se  in  th e  20 C. P . c u ltu re s  were no t 

f a r  sh o r t o f  be ing  s ig n i f i c a n t ly  t a l l e r  th a n  th o se  in  th e  two 1 -to n  c o l­

lo id a l  phosphate tre a tm e n ts  supplem ented by n itro g e n  and po tassium .

Although none of th e  1 -to n  c o l lo id a l  phosphate tre a tm e n ts  y ie ld e d  

t r e e s  w ith  lo n g er stem s th a n  th e  check (F ig . 2 0 ), i t  i s  no tew orthy  th a t  when 

th e  c o l lo id a l  phosphate was supplem ented by n itro g e n  and po tassium , stem 

le n g th  was in c re a se d , a lth o u g h  n o t s ig n i f i c a n t ly  (F ig . 2 2 ) .

The value o f c o l lo id a l  phosphate in  la rg e  q u a n tity  i s  ev id en t 

from th e  s ig n if ic a n t  s u p e r io r i ty  in  h e ig h t o f  th e  t r e e s  in  20 C. P . over 

those  in  th e  check c u l tu r e .  Furtherm ore, t r e e s  in  th e  form er c u ltu re  

were n o t s ig n i f ic a n t ly  i n f e r io r  in  h e ig h t to  th o se  in  any o th e r  c u l tu re  and 

a o tu a l ly  su rp assed  th o se  in  one c u l tu re  (20 C. P . + (2 x )3 0 M ).

A lthough th e re  i s  no s ig n i f ic a n t  d if f e r e n c e  in  th e  mean h e ig h ts  

o f t r e e s  in  th e  20 C. P . +(ipc)15M and 20 C. P . +(2x)30NK c u l tu r e s ,  th e re  

i s  enough d if fe re n c e  to  in d ic a te  t h a t  60 pounds o f n itro g e n  and po tassium  

p er acre  s p l i t  in to  fo u r a p p lic a t io n s  i s  more e f f e c t iv e  in  i t s  e f f e c t  on 

s la s h  p ine se e d lin g s  th a n  t h i s  amount s p l i t  in to  two a p p l ic a t io n s .  I t  

i s  p o s s ib le  t h a t  some o f th e  value to  th e  s e e d lin g s  o f th e  f i r s t  30-pound 

a p p lic a t io n  was l o s t  on account o f th e  heavy r a in  which f e l l  soon t h e r e a f t e r .

A lthough d if f e r e n c e s  in  mean d iam eters  and w eigh ts o f t r e e s  in

d if fe re n c e  tre a tm e n ts  a re  no t s ig n i f ic a n t ,  th e s e  f e a tu re s  o f  t r e e s  in  th e

vario u s  c u ltu re s  have much th e  same r e a l t io n s h ip  to  each o th e r  as d id  th e

stem le n g th s . I t  i s  notew orthy th a t  th e  mean d iam eters  and w eigh ts o f  t r e e s

in  th e  fo u r  c u ltu re s  re c e iv in g  20 to n s  of c o l lo id a l  phosphate were g r e a te r

th an  th o se  o f t r e e s  in  th e  o th e r  f iv e  c u l tu r e s .

Number o f  Term inal Buds and P e rc e n t o f  T rees w ith  
Prim ary N eedles Dominant .

Over a  p e rio d  o f s e v e ra l  y ea rs  o b se rv a tio n s  on s la s h  p ine  see d lin g s
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growing in  f o r e s t s  and in  n u rs e r ie s  has le ad  th e  au th o r to  b e lie v e  th a t  

t r e e  v ig o r in  young s la s h  p in e  t r e e s  i s  expressed  to  some e x te n t  by the  

number o f  te rm in a l buds. Wakeley (1935) u s®d th e  p rev a len ce  o f  prim ary  

n eed le s  as one c r i t e r i o n  o f the  q u a l i ty  o f  p la n tin g  s to c k . In  h is  c l a s s i ­

f i c a t io n  o f g rades o f p la n tin g  s to c k , th e  fo l ia g e  o f  g rade-3  s la s h  pine 

se e d lin g s  i s  composed s o le ly  o f  p rim ary  n e e d le s . Number o f  te rm in a l buds 

and p rev a len ce  o f p rim ary  n eed le s  shou ld  c o n s t i tu te  u s e fu l c r i t e r i a  

in  judg ing  p ia n tin g -s to c k  q u a l i ty .

The mean number erf te rm in a l buds and th e  p e rc en t o f  t r e e s  w ith  

prim ary n eed le s  dominant a re  shown in  Table 85 fo r  each tre a tm e n t.  Very 

s ig n i f ic a n t  d if f e r e n c e s  e x i s t  between tre a tm e n ts  in  th e  f i r s t  f e a tu r e ,  and 

s ig n i f ic a n t  d if f e r e n c e s  e x i s t  in  th e  l a t t e r .  Trees i n  th e  20 C. P . +(ipc)30NK 

tre a tm e n t a re  o u ts ta n d in g  in  b o th  c a te g o r ie s .  These t r e e s  a re  e i th e r  s ig n i ­

f i c a n t ly  or ve ry  s ig n i f i c a n t ly  su p e r io r  to  t r e e s  o f  a l l  o th e r tre a tm e n ts  

in  number o f  te rm in a l buds. W ith none o f th e  t r e e s  in  t h i s  tre a tm e n t 

having prim ary  n eed le s  dom inant, th ey  ranked b e s t  in  t h i s  r e s p e c t ,  and th e y  

were s ig n i f i c a n t ly  su p e r io r  to  t r e e s  in  th e  check and 1 C. P. c u ltu re s .

Trees in  th e  20 C. P . +(4x)l5NK c u l tu re  had s ig n i f i c a n t ly  more t e r ­

m inal buds th an  t r e e s  in  th e  1 C. P . and check c u l tu r e s .  W ith on ly  5*0 

p e rc en t o f th e  t r e e s  having prim ary  n eed le s  dom inant, th e  form er c u ltu re  

ranked second b e s t  and was s ig n i f i c a n t ly  su p e r io r  to  th e  1 C. P . c u l tu re .

The number o f  te rm in a l buds and th e  p e rc e n t o f  t r e e s  having prim ary 

n eed les  dominant add f u r th e r  ev idenoe on th e  s u p e r io r i ty  o f  t r e e s  in  th e  

20 C. P. +(ij.x)30NK tre a tm e n ts .

Summary o f R esu lts

The experim ent dem onstrates r a th e r  c o n c lu s iv e ly  t h a t  the  q u a l i ty  

o f s la s h  p ine  s e e d lin g s  grown in  a  n u rse ry  in  a N orfo lk  f in e  sand can be
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Table 85. --The mean number o f term inal buds per tree  and the
percent o f tr e e s  w ith primary needles dominant in
the 19̂ 4-5 Nursery Experiment

Term inal buds
Trees w ith  prim ary 
n eed les  dominant k

Treatm ent Number p e r  t r e e P e rc e n t o f t o t a l

20C.P.f(!pc)15NK 1.1+3 5 .0  '

20C.P.f(2x)30NK 1.00 11.7

20C.P.f(ipc)30NK 2.15 0 .0

20.C .P . 1.13 13.3

lC.P.+(Ipc)l5NK 0.88 16.7

i c . p * K ^ ) 3 onk 1.27 3 .3

1C.P. 0 .50 28.3

60Pf(Ipc)l5NK 0 .7 5 13.3

Check 0 .7 2 21.8

Standard  d e v ia t io n 0 . 2k 7 .5

D iffe ren ce  between 
tre a tm e n t means t o  be 0 .71 21.8
s ig n i f ic a n t  a t  5 and 
1 p e rc en t 0 .9 6 29 .6

F value  tre a tm e n t l+ .ll^ * 2.90+

+The fo l ia g e  o f  th e se  t r e e s  c o n s is ts  e i th e r  s o le ly  o r more th an  50 
p e rcen t p rim ary  (u n fa s c ic le d )  need les*

♦ S ig n if ic a n t a t  5 p e rcen t*
♦ ♦ S ig n if ic a n t a t  1 p e rc e n t .
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g re a t ly  improved by the  a d d it io n  to  th e  s o i l  o f  20 to n s  per a c re  o f  c o l­

lo id a l  phosphate , which should be mixed in  th e  upper 4  inches o f s o i l*

Since th e  t r e e s  grown in  a c u ltu re  co n ta in in g  20 to n s  p e r a c re  of 

c o l lo id a l  phosphate a lone were as good a s , and in  one case  b e t t e r  th a n  

(a lth o u g h  n o t s ig n i f i c a n t ly  s o ) , th o se  grown in  c u l tu re s  c o n ta in in g  n itro g e n  

nnri po tassium  as w e ll as 20 to n s  o f  c o l lo id a l  phosphate , i t  has n o t been 

dem onstrated th a t  supplem ental n itro g e n  and po tassium  a re  needed to  

produce su p e r io r  t r e e s .  I t  i s  p o s s ib le ,  however, t h a t  th e  t r e e s  grown 

in  c u ltu re s  su p p lied  w ith  a l l  th re e  n u t r i e n t  e lem ents may be b e t t e r  ba lanced  

p h y s io lo g ic a lly . T his cannot be determ ined u n t i l  a  s u i ta b le  b a s is  fo r  

analyz ing  p h y s io lo g ic a l ba lan ce  i s  developed. The s u rv iv a l and e a r ly  

growth o f approx im ate ly  4500 - tree s  from t h i s  experim ent in  two f i e l d  

p la n ta t io n s  may e v e n tu a lly  throw  l i g h t  on th e  m a t t e r . ^  A lthough th e re  a re

17* F ie ld  s u rv iv a l and growth o f  t r e e s  grown in  c o l lo id a l  phosphate n u r­

se ry  c u l tu re s  may be a f fe c te d  a lso  by th e  c o l lo id a l  phosphate which adheres 

very  t i g h t l y  to  th e  ro o ts  when th e  t r e e s  a re  l i f t e d  from th e  n u rse ry . Variom  

n u tr ie n ts  which m ight a f f e c t  see d lin g  s u rv iv a l  and growth may be adsorbed  

on th e  c o llo id s  ad h erin g  to  th e  r o o ts .  This m ight w e ll be an im portan t 

value o f th e  c o l lo id a l  phosphate tre a tm e n ts  in  th e  n u rs e ry .

no s ig n i f ic a n t  d if f e re n c e s  between th e  t r e e s  grown in  th e  th re e  2 0 -to n  

c o llo id a l  phosphate c u l tu re s  su p p lied  w ith  n i tro g e n  and po tassium , c e r ta in  

tre n d s  a re  a t  l e a s t  in d ic a te d .  Two 30 -p o u n d -p er-ac re  a p p l ic a t io n s  o f  n i ­

tro g en  and po tassium  were n o t b e n e f ic ia l*  On th e  o th e r hand, fo u r 15-pound 

o f fo u r 30-pound a p p lic a t io n s  r e s u l te d  in  some improvement in  th e  t r e e s .  

"Whether th e  in c reased  c o s t  o f th e  fo u r 30-pound a p p l ic a t io n s  over the  two
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30-pound, a p p lic a t io n s  would be j u s t i f i e d  i s  open to  q u estio n . In  view 

o f the  f a c t  t h a t  th e  t r e e s  d id  n o t respond e f f e c t iv e ly  to  two a p p lic a t io n s  

o f n itro g e n  and potassium  bu t d id  to  fo u r  a p p l ic a t io n s ,  th e  qu estio n  may be 

ra is e d  as to  w hether a g re a te r  number th an  four a p p lic a t io n s  o f  th e se  

elem ents m ight be even more e f f e c t iv e .  More f re q u e n t a p p lic a t io n s  m ight 

m ain ta in  a  h ig h e r average amount o f  th e se  e a s i ly  leach ed  elem ents in  th e  

s o i l ,  even though th e  t o t a l  amount added was th e  same. Only f u r th e r  i n ­

v e s t ig a t io n  can fu rn is h  th e  answ er.

One-ton-per-acre applications of colloidal phosphate either with or 
without nitrogen and potassium have little effect on slash pine seedlings. 

This is equally true of a 60-pound application of phosphorous supplemented 
by four 1 5 -pound applications of nitrogen and potassium.
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SUMMARY OF ALL EXPERIMENTS

The re sp o n se  o f  s la s h  p in e  s e e d l in g s  d u rin g  t h e i r  f i r s t  s e a so n ’ s 

grow th to  v a r io u s  n u t r i e n t  t r e a tm e n ts  i n  N o rfo lk  s o i l s  was s tu d ie d  un d er 

g reenhouse  and n u r s e ry  c o n d itio n s *  The g reen h o u se  s o i l  was a  N o rfo lk  

sand; th e  n u rs e ry  s o i l ,  a  N o rfo lk  f in e  sand* F i f t y - f i v e  s o i l  t r e a tm e n ts  

w ere u sed  i n  th e  g reenhouse  e x p e rim e n ts  d u r in g  th r e e  se a s o n s , and 

n in e te e n  t r e a tm e n ts  w ere u sed  i n  th e  n u r s e ry  ex p e rim en ts  d u r in g  two se a so n s .

The two s o i l s  i n  w hich th e  re s e a rc h  was done d id  n o t d i f f e r  app re­

c iab ly  in  p h y s ic a l and chem ical c h a r a c t e r i s t i c s .  Both were low in  s i l t  

p lu s  c la y  (8 p e rc en t in  th e  sand and 9 p e rc e n t in  th e  f in e  san d ), in  

s o i l  o rg an ic  m a tte r  (2 .1 8  and 1.83 p e rc e n t, r e s p e c t iv e ly ) ,  and had low 

m oisture  e q u iv a le n ts  (5*39 and k»55 p e rc e n t, r e s p e c t iv e ly ) .  The l a t t e r  

fe a tu re  was in c re a se d  by adding c o l lo id a l  phosphate  to  th e  s o i l ,  e s ­

p e c ia l ly  when as much as 25 to n s  p a r  a c re  was added to  th e  upper i;- in c h  

la y e r  o f  s o i l*  The in c re a s e  o f  3̂4- p e rc e n t in  th e  m o is tu re  e q u iv a le n t o f  

th e  N orfo lk  sand to  w hich a  2 5 -to n  a p p l ic a t io n  o f  c o l lo id a l  phosphate had 

been added i s  caused by th e  h ig h  m o is tu re  e q u iv a le n t o f  th e  phosphate 

(47*6 p e rc e n t) ,  87 p e rc e n t o f  w hich i s  m a te r ia l  o f  s i l t  and c la y  s ize*

The e f f e c t  o f  c o l lo id a l  phosphate on th e  p h y s ic a l com position  o f  th e  

s o i l  i s  dem onstrated  by th e  e x te n s iv e  su rfa c e  c rack in g  w hich occu rred  when 

samples o f  N orfo lk  sand to  which 5 and 25 to n s  o f  c o l lo id a l  phosphate had 

been added were o v en -d ried  subsequent to  com plete s a tu r a t io n  o f  th e  s o i l .

Both s o i l s  have low base-exchange c a p a c ity , th e  N orfo lk  sand, 

and th e  N orfo lk  f in e  sand, 3*32 m. e .  /lOO g r .  o f  s o i l .  They d i f ­

f e r  m arkedly in  t h e i r  p e rc e n t o f  base  s a tu r a t io n ,  t h a t  o f  th e  form er 

being approx im ate ly  19 and t h a t  o f  th e  l a t e r ,  approx im ate ly  91 p e r­

c e n t. The h ig h  p e rc e n t o f  base  s a tu r a t io n  o f  th e  N orfo lk  f in e
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sand i s  undoubtedly  caused by b ases  added to  th e  s o i l  in  th e  copious 

a p p lic a t io n  o f  w e ll w a ter to  t h i s  s o i l  in  th e  n u rse ry . The exchange 

c ap a c ity  o f th e  N orfo lk  sand i s  n o t a f f e c te d  m a te r ia l ly  by a d d itio n s  o f 

c o l lo id a l  phosphate to  th e  s o i l .  A v a ilab le  phosphorous, based on 

so d iu m -a ce ta te -so lu b le  phosphorous i s  low in  b o th  s o i l s ,  8 .0  p .p .m . in  

the  N orfo lk  sand and 9*0 p .p .m . in  th e  N orfo lk  f in e  sand . When la rg e  

q u a n ti t ie s  o f  c o l lo id a l  phosphate are added to  t h e  s o i l ,  a v a ila b le  

phosphorous i s  in c re a se d  by 0 .3 5  "to 0 .80  p .p .m . fo r  each  to n  added.

Both s o i l s  a re  a c id .  The pH i s  5*18 and 5*55 fo r  th e  sand and f in e  

sand, r e s p e c t iv e ly .  That c o l lo id a l  phosphate has a b u ffe r in g  e f f e c t  

on th e  s o i l  was e v id en t in  le s s  re d u c tio n  in  pH o f s o i l s  to  which t h i s  

m a te r ia l had been added th an  in  u n tre a te d  s o i l  when th ey  were leached  

w ith  0 .05 N HC1, and in  th e  slovrer change in  pH, a f t e r  le a c h in g , in  th e  

c o llo id a l-p h o s p h a te - tr e a te d  s o i l  th a n  in  th e  u n tre a te d  s o i l .

In  th e  comprehensive greenhouse experim en ts, an a ttem p t was made 

to  minimize any e f f e c t  t h a t  seed s iz e  m ight have on th e  r e s u l t s  by 

grouping seeds in to  w eight c la s s e s  having w eigh t ranges o f  3*0 mg.

When more th a n  one w eigh t c la s s  o f  seed was used , s e e d lin g s  from on ly  

one w eight c la s s  were p la n te d  in  each  r e p l ic a t io n  o f s o i l  t re a tm e n ts . 

S eed lings were un ifo rm ly  spaced in  th e  s o i l  p o ts .  The t r e e s  were g en er­

a l ly  t r a n s f e r r e d  from  th e  germ inating  f l a t s  to  th e  s o i l  p o ts  when t h e i r  

average ages were 2 to  i+ weeks. Most o f th e  t r e e s  were growm in  th e  p o ts  

fo r  approx im ate ly  20 weeks. Tem perature rec o rd s  were ta k en  during  th e  

19U3-kk  and I9kh~k5 greenhouse experim en ts, and e v ap o ra tio n  was reco rd ed  

during th e  l a t t e r  experim ent. D ata on stem le n g th  o f  each t r e e  were r e ­

corded a t  5“ ° r  6-week in te r v a l s ,  and d a ta  on b ranching  o f each t r e e  were
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recorded  a t  2 -  to  ij.-week in te r v a l s  a f t e r  b ranch ing  s ta r te d *  D iam eter o f 

stem and dry w eigh ts  o f  shoot and ro o t  were reco rded  a f t e r  the  t r e e s  

were h a rv e s te d . T o ta l w eight and ro o t- sh o o t r a t i o  were computed from 

the  ro o t and shoot w e ig h ts .

In  th e  19i+l-il2 Greenhouse Experim ent, c e r ta in  a sp e c ts  o f  which were 

no t w ell c o n tro l le d , s la s h  p ine se e d lin g s  were grown in  u n tre a te d  s o i l  and 

in  s o i l  to  w hich 20 , o r 80 pounds p e r acre  o f  N, P2O5 , and K2O had been 

added in  advance o f  p la n t in g .  One c u l tu re  co n ta in ed  in  a d d it io n  to  40 

pounds p e r a c re  o f  N, P2O5 , and KgO- Cu, Zn, Mn, Pe, and B. This ex­

perim ent re v e a le d  d if f e r e n c e s  in  th e  mean h e ig h ts , w e ig h ts , and ro o t- sh o o t 

r a t io s  o f  t r e e s  in  th e  d i f f e r e n t  c u l tu r e s ,  b u t none o f th e  d if fe re n c e s  

were s ig n i f i c a n t .  Mean h e ig h ts  and w eigh ts  in c re a se d  w ith  in c re a s e s  in  th e  

q u a n tity  of n u t r i e n t s  a p p lie d  to  the  s o i l  in  th e  absence o f m inor e lem en ts . 

R oot-shoot r a t i o s  showed no t r e n d . Minor elem ents a f fe c te d  t r e e  h e ig h ts  

ad v e rse ly , th e y  had no e f f e c t  on t r e e  w e ig h t, and th ey  in c re a se d  ro o t-  

shoot r a t i o .  Branching was n o tic e a b ly  a f f e c te d .  S ig n i f ic a n t  d if f e r e n c e s  

in  th e  mean number o f  b ranches p e r t r e e  were caused by s o i l  tre a tm e n t.

The c u ltu re  c o n ta in in g  80 pounds p er a c re  o f N, PgO^, and K2O produced 

t r e e s  w ith  th e  most branched (I4..OO p e r t r e e  a t  17 g- w eeks), and th e  

i+0-pound o u ltu re  was second h ig h e s t  (3»00 p e r  t r e e ) .  A lthough d if fe re n c e s  

in  branching  were e v id e n t a t  8 and l l | r  weeks, th e  d if f e r e n c e s  were n o t 

s ig n i f ic a n t  u n t i l  li+ir weeks had e la p se d , a f t e r  which th e  d if f e r e n c e s  con­

tin u e d  to  be s ig n i f i c a n t .  In  l a t e r  greenhouse exp erim en ts , more o f te n  

d if fe re n c e s  in  b ranch ing  were s ig n i f ic a n t  e a r ly  in  th e  experim ents b u t 

were n o t s ig n i f ic a n t  l a t e r .  In  r e s p e c t  to  h e ig h t, d ry  w eigh t, and 

ro o t-sh o o t r a t i o ,  th e  r e s u l t s  o f th i s  experim ent co rro b o ra ted  th o se  o f
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l a t e r  ex p erim en ts . S in g le -a p p lic a t io n s  o f  n itro g e n , phosphorous, and 

potassium  over th e  range o f  q u a n t i t ie s  u sed  in  t h i s  experim ent do n o t 

in flu en ce  th e se  t r e e  c h a r a c te r i s t i c s  s ig n i f ic a n t ly .

The 19k3-kk  Greenhouse Experim ents were th re e  in  number. Experiment. 

I  was a  sim ple f a c t o r i a l  d esig n  in v o lv in g  e ig h t  s in g le - a p p l ic a t io n  t r e a t ­

ments a t  two le v e ls  o f  R, ^2^5* KgO. Experim ent I I  c o n s is te d  o f  s ix  

tre a tm en ts  in v o lv in g  th re e  le v e l s  o f  N, P2O5 , and KqO a p p lie d  by two

m ethods- s in g le  a p p l ic a t io n  and s p l i t  a p p l ic a t io n  ( fo u r  in  num ber).
» .

Experim ent I I I  c o n s is te d  o f  e lev en  m isce llan eo u s tre a tm e n ts  in v o lv in g  

c h ie f ly  c o l lo id a l  phosphate and p e a t moss, w ith  and w ith o u t supplem ental

N, P2O 5,or k20*

Experim ent I  fu rn ish e d  a d d it io n a l  ev idence on th e  in e f fe c t iv e n e s s  

of s in g le -a p p l ic a t io n  s o i l  t re a tm e n ts .  Only one o f th e  seven tre a tm e n ts  

in v o lv in g  supplem ental n u t r i e n t s -  th e  one c o n ta in in g  60 pounds o f  

phosphorous and a sm all amount &t ca lc ium - produced t r e e s  s u p e r io r  in  

some re s p e c ts  to  th o se  produced by th e  check. N itro g en  used by i t s e l f  

as a  s in g le  a p p l ic a t io n  o f  60 pounds p e r a c re  was d e f in i t e ly  harm ful to  

most o f th e  f e a tu re s  s tu d ie d . R oo t-shoo t r a t i o ,  which in  a l l  experim ents 

was u n a ffe c te d  by s o i l  tre a tm e n t was one e x ce p tio n . I t  i s  notew orthy 

th a t  th e  harm ful e f f e c t s  o f  n itro g e n  a re  d ecreased  when e i t h e r  o r bo th  

phosphorous and potassium  a re  used w ith  i t .  In  most o f  th e  f e a tu re s  

s tu d ie d , t r e e s  in  s o i l  tre a tm e n ts  in v o lv in g  60 pounds o f  PgO^, 60 pounds 

each o f P2O5 and KgO, and 60 pounds each o f  N, P2O5 , and K̂ O were 

su p e rio r  to  t r e e s  in  th e  check, b u t n o t s ig n i f ic a n t ly  so . S ig n if ic a n t  

d if fe re n c e s  between c u l tu re s  in  th e  number o f b ranched t r e e s  and in  th e  

mean number o f  branches p e r  t r e e  were e v id en t th roughou t th e  experim ent, 

b u t only  th e  60P c u ltu re  was s ig n i f i c a n t ly  s u p e r io r  to  th e  check in  b o th
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c h a r a c te r i s t i c s .

Experim ent I I  dem onstrated  th e  s u p e r io r i ty  o f s p l i t - a p p l i c a t io n  

tre a tm e n ts  ( fo u r  in  number) over s in g le - a p p l ic a t io n  tre a tm e n ts  o f  n i ­

tro g e n , phosphorous, and po tassium . A lthough stem le n g th  and ro o t-sh o o t 

r a t i o  were n o t s ig n i f i c a n t ly  improved by any type  o f n u t r i e n t  tre a tm e n t 

used, stem d iam e te r, b ran ch in g , and w eight were in c re a se d  s ig n i f i c a n t ly  by 

th e  s p l i t - a p p l i c a t i o n  tre a tm e n ts . For a l l- ro u n d  improvement in  t r e e  

c h a r a c te r i s t i c s ,  a tre a tm e n t in v o lv in g  fo u r 30"P ound-per-acre  a p p lic a t io n s  

of N, P2O5 , and KgO was b e s t .

Experim ent I I I  dem onstrated  t h a t  th e  response  o f s la s h  p ine see d lin g s  

was g r e a te s t  when a  la rg e  q u a n tity  (20  to n s  p e r a c re )  o f  c o l lo id a l  

phosphate and sm all amounts o f  r e a d i ly  a v a ila b le  n itro g e n  and po tassium  

(fo u r  a p p l ic a t io n s  o f 15 pounds each o f  N and K^O) were added to  th e  

s o i l .  Response to  a  1 0 - to n -p e r-a c re  a p p l ic a t io n  o f p e a t to g e th e r  w ith  

fo u r 15-p o u n d -p e r-ac re  a p p lic a tio n s  o f N, P2®5» ^2® w®18 a lm ost eq u a l­

ly  good. When c o l lo id a l  phosphate and p e a t were used  alone th e  response  

was much l e s s .  The form er, when used a lo n e , produced s u b s ta n t ia l  e f f e c t s  

on branch ing  and t o t a l  d ry  w eigh t o f  th e  t r e e s ,  b o th  e f f e c t s  being  s i g n i f i ­

c a n t. I t s  e f f e c t s  on stem  le n g th  and on d iam eter were fa v o ra b le , b u t 

in s u f f i c i e n t  to  dem onstrate  s ig n if ic a n c e .  The la c k  o f  a  d e f in i t e  r e s ­

ponse by s la s h  p in e  s e e d lin g s  to  a  s im ila r  tre a tm e n t w ith  n i tro g e n , 

phosphorous, and po tassium  in  Experim ent I I  ( th e  (l+x)l5NPK c u l tu re )  t o ­

g e th e r w ith  t h e i r  l im ite d  response to  c o l lo id a l  phosphate o r peafc suggests  

th a t  th e  g r e a te r  response to  com binations o f  e i th e r  c o l lo id a l  phosphate or 

p ea t and r e a d i ly  a v a i la b le  n u t r i e n t s  must be caused by a  p h y s ica l e f f e c t  

o f th e  form er m a te r ia ls  on th e  s o i l ,  oh th e  t r e e  r o o ts ,  o r on b o th .



-  197 -

P o ss ib ly  th e se  m a te r ia ls  a c t  as b u f f e r s ,  ho ld ing  n u t r i e n ts  in  re se rv e  

so th a t  th ey  become a v a ila b le  slow ly and c o n tin u o u s ly . W hatever th e  e f f e c t ,  

i t  i s  e v id e n t by th e  in c re a se d  s iz e  o f th e  t r e e s ,  th a t  th e  t r e e s '  fe ed in g  

e f f ic ie n c y  i s  im proved. A nalysis  o f  n eed le s  o f t r e e s  from se v e ra l c u ltu re s  

rev ea led  th a t  t r e e  n eed le s  from c u l tu re s  c o n ta in in g  c o l lo id a l  phosphate d id  

no t have h ig h e r c o n c e n tra tio n s  o f phosphorous and calc ium  th an  th o se  from 

c u ltu re s  n o t su p p lie d  w ith  c o llo id a l p hosphate . The n eed les  o f  t r e e s  

taken  from c o l lo id a l  phosphate  c u l tu re s  y ie ld e d  more phosphorous and 

calcium  th an  th o se  from a check c u l tu re  on ly  because th e  w eight o f  th e  

need les from th e  form er was h eav ie r th an  th a t  o f  n eed les  from th e  check.

Wood ashes in  q u a n t i t ie s  o f  352 and 1320 pounds p e r  a c re  had l i t t l e  

or no e f f e c t  on s la s h  p ine  s e e d lin g s . A tre a tm e n t w ith  a h ig h  co n cen tra ­

t io n  o f po tassium  (fo u r  a p p l ic a t io n s  o f  75 pounds o f  KgO) reduced stem  

le n g th  and in c re a se d  branch ing  s ig n i f i c a n t ly ,  b u t i t s  o v e ra l l  e f f e c t  was 

more o r le s s  n e u t r a l .

The 19J+3-M|. Greenhouse Experim ents dem onstrated  th a t  s la s h  p ine  seed­

lin g s  grown in  N orfo lk  sand a re  b e n e f i t te d  most when th e  p h y s ic a l c h a ra c te r  

o f th e  s o i l  i s  improved by th e  a d d it io n  o f  20 to n s  o f  c o l lo id a l  phosphate 

to  the  su rface  fo u r  inches and th e  supply  o f r e a d i ly  a v a ila b le  n itro g e n  and 

potassium  i s  in c re a s e d . A l a t e r  n u rse ry  experim ent dem onstrated t h a t  r e s ­

ponse was g re a te r  when fo u r  30-pound a p p l ic a t io n s  were used th an  when 

fou r 15-pound a p p l ic a t io n s  were used , b u t th e  d if f e r e n c e  in  response  was 

n o t s ig n i f ic a n t .

A com posite t r e e  index  value  was developed fo r  r a t in g  th e  t r e e s  in  

each tre a tm e n t on th e  b a s is  o f  a l l  f e a tu re s  s tu d ie d . In  th e  19k3~hk 

experim ent th e se  v a lu e s  ranged from -7*3 to  11*0. In  a  c u ltu re  o f th e
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1944-45 Experiment a value of 11.4 was secured. These two high values 
were attained by trees from similar cultures, the difference being 20 

tons of colloidal phosphate in one culture and 2 5  tons in the other.

Stem length was more often affected adversely by the addition of 

readily available nutrients, especially high concentrations in a single 

application or nitrogen alone or combined with phosphorous or potassium, 
than were other characteristics. Branching was never decreased by nu­
trient applications, but certain soil treatments produced no appreciable 

effect on branching. High concentrations of nutrients from a single 

application of nitrogen alone or combined with phosphorous or potassium 
were least effective in stimulating branching. An increase in the 
branching of widely spaced trees grown in pots in a greenhouse is probably 
an indication of increased vigor in the trees. Stem diameter was affected 
by soil treatment in much the same way as branching, that is, it was 

increased by the addition of nutrients to the soil in nineteen of the 

twenty-three cultures to which nutrients were added. In twelve of the 

cultures the increases over the check were significant. Tree weights 

were reduced by four treatments- 180NPK, 60NK, 60NP, and 60N- in the last 

two, significantly so. Nine treatments produced trees of significiantly 

greater weight than the check. Soil treatment had little effect on root- 
shoot ratio, not a single treatment yielding trees with root-shoot ratios 
that were significantly different from the check.

Only Experiment I  of the 1944-45 series yielded results that added 
much of consequence to those of the 1943-44 series. In  this experiment, 
a 2 5 -ton application of colloidal phosphate, supplemented by four 1 5 -pound 

applications of N and KgO, produced the best trees; but they were not
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s ig n i f ic a n t ly  su p e r io r  in  a l l  c h a r a c te r i s t i c s  to  th o se  o f a l l  tre a tm e n ts  

in v o lv in g  sm a lle r  amounts o f  c o l lo id a l  p hosphate . In  d iam eter and w eigh t, 

t r e e s  from th e  25- to n  c u l tu re  were s ig n i f i c a n t ly  su p e r io r  to  t r e e s  from 

th e  5~'ton c u ltu re  b u t n o t in  stem le n g th , b ranch ing , nor ro o t- sh o o t 

r a t i o .  Trees from th e  form er c u ltu re  were su p e r io r  in  stem  le n g th , d ia ­

m eter, and w eigh t to  t r e e s  from c u l tu re s  c o n ta in in g  on ly  0 .5  o r  1 .0  to n  o f 

c o llo id a l  p hosphate .

In c re a s in g  th e  amount o f  P2O5 from 30 to  1+80 pounds p e r a c re  p ro ­

duced no s ig n i f ic a n t  e f f e c t s  on s la s h  p in e  see d lin g s  in  Experim ent I I ,  

191+I+-1+5*

A lthough stem le n g th  was n o t a f fe c te d  s ig n i f i c a n t ly  in  Experim ent I I I ,  

l 9i4i+-i+5 , by d i f f e r e n t  r a t e s  a t  which phosphorous was used  (from  60 to  

1+80 pounds p e r a c re  o f P2O5 ) no r by v a rio u s  com binations o f  elem ents 

(K, NK, and CaNK) used w ith  phosphorous, o th e r  fe a tu re s  were a f fe c te d  

s ig n i f ic a n t ly .  B ranching was in c re a se d  s ig n i f i c a n t ly .  Number o f branched 

t r e e s  and number o f  b ranches p e r  t r e e  in c re a se d  w ith  in c re a s e d  amounts o f  

phosphorous and number o f  elem ents in  th e  c u l tu r e s .  D iam eter o f  stem was 

a f fe c te d  in  th e  same manner. W eights o f sh o o t, ro o t ,  and e n t i r e  t r e e  were 

a f fe c te d  s ig n i f ic a n t ly  by th e  r a te  a t  which phosphorous was u sed .

No s ig n i f ic a n t  d if f e re n c e s  in  th e  v a rio u s  t r e e  c h a r a c te r i s t i c s  

were found betw een t r e e s  grown in  a c u l tu re  in  which th e  phosphorous and 

p a r t  o f  th e  n i tro g e n  and po tassium  were mixed in  th e  upper 1+ in ch es  o f 

s o i l  and one in  w hich a l l  n u t r i e n t s  were a p p lie d  to  th e  su rface  (Experim ent

IV, 191+1+-1+5)

Boron a t  a  r a t e  o f  1 pound p e r acre  and manganese a t  r a te s  o f  20 and 

1+0 pounds per a c re , a p p lie d  11-J weeks a f t e r  th e  t r e e s  were p la n te d , were
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damaging to  s la s h  p in e  s e e d lin g s . The ends o f th e  n eed le s  tu rn e d  brown 

and yellow  a few weeks a f t e r  th e se  elem ents were ap p lie d  to  th e  s o i l ,  and 

the  e x te n t o f th e  d is c o lo ra t io n  in c re a se d  w ith  th e  p a ss in g  o f tim e .

S im ila r  r e s u l t s  o c c u rre d  when l a r g e r  q u a n t i t i e s  o f  Cu, Mn, Zn, Fe, and B 

were a p p l ie d  t o  th e  s o i l  in  th e  19 4 l"4 2  G reenhouse E x p erim en t.

The n u r s e ry  ex p e rim en ts  c o r ro b o ra te d  th e  c o n c lu s io n  re a c h e d  in  th e  

greenhouse ex p e rim en ts  t h a t  s la s h  p in e  s e e d l in g s  do n o t resp o n d  n o t ic e a b ly  

to  th e  a p p l i c a t io n  o f  r e a d i l y  a v a i la b l e  n u t r i e n t s  i n  N o rfo lk  s o i l  u n le s s  

th e  p h y s ic a l  c o n d i t io n  o f  th e  s o i l  i s  im proved . In  th e  1942 E xperim en t 

a 2 0 - to n -p e r - a c r e  a p p l i c a t io n  o f  c o l lo id a l  p h o sp h a te , supp lem en ted  by 

fo u r  15-pound p e r  a c re  a p p l ic a t io n s  o f  N and KgO, y ie ld e d  b e t t e r  t r e e s  them 

th e  check , b u t  th e y  were n o t  s i g n i f i c a n t l y  s u p e r io r .  O rgan ic  s o i l ,  w hich  

p ro b ab ly  changed th e  s o i l  b i o l o g i c a l l y  a s  w e ll a s  p h y s ic a l ly  and c h e m ic a lly , 

caused  a  m arked in c re a s e  i n  h e ig h t and d ry  w e ig h t o f  s e e d l in g s .

The 1945 N u rse ry  E xperim en t was more c o n c lu s iv e  th a n  th e  1942 E xperim en t 

on th e  e f f e c t  o f  c o l lo id a l  p h o sp h a te  t r e a tm e n ts  on stem  le n g th  o f  s l a s h  p in e  

s e e d l in g s .  I t  showed a ls o  t h a t  f o u r  supp lem en ts  o f  30 pounds eac h  o f  N and 

KjO produced t r e e s  w i th  lo n g e r  stem s and g r e a t e r  w e ig h ts  th a n  fo u r  su p p le ­

ments o f  15 pounds, b u t  th e  d i f f e r e n c e s  i n  th e s e  f e a t u r e s  betw een  th e  two 

tre a tm e n ts  w ere n o t s i g n i f i c a n t .  O ne-ton  a p p l ic a t io n s  o f  c o l lo id a l  phos­

p h a te , w ith  o r  w ith o u t supp lem en ts  o f  n i t r o g e n  and p o ta ss iu m , d id  n o t  a f ­

f e c t  th e  t r e e s  s i g n i f i c a n t l y .  T ree s  grown in  a  c u l tu r e  w hich  c o n ta in e d  20 

to n s  o f  c o l lo id a l  p h o sp h a te  w ere n e a r ly  a s  t a l l ,  had n e a r ly  a s  l a r g e  stem  

d ia m e te rs , and w ere n e a r ly  as  heavy a s  th o s e  grown i n  c u l tu r e s  w i th  th e  

same amount o f  c o l l o i d a l  p h o sp h a te  p lu s  fo u r  supp lem en ts  o f  15 o r  30 

pounds p e r  a c re  o f  N and KgO. In  th e  g reen h o u se  e x p e rim e n t, d i f f e r e n c e s
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betw een t r e e s  from  such  c u l tu r e s  w ere g r e a t e r .  Number o f  te rm in a l  buds' 

p e r  t r e e  was s i g n i f i c a n t l y  g r e a t e r  i n  c u l tu r e s  c o n ta in in g  20 to n s  o f  c o l­

lo i d a l  p h o sp h a te  and f o u r  supp lem en ts  o f  15 o r  30 pounds p e r  a c re  eac h  o f  

N and KgO th a n  i n  th e  cheok .

D if fe re n c e s  betw een  th e  t r e e s  i n  d i f f e r e n t  t r e a tm e n ts  w ere n o t so 

g r e a t  i n  some r e s p e c t s  i n  th e  n u r s e r y  as  i n  th e  g re e n h o u se . T h is was due 

in  p a r t ,  u n d o u b te d ly , to  v a r ia b le s  w hich  c o u ld  n o t  be c o n t r o l le d  so e f f e c t i v e ­

ly  i n  th e  n u r s e ry  as  i n  th e  g re e n h o u se . Few t r e e s  i n  th e  n u r s e ry  d e v e lo p ­

ed b ra n c h e s . T h is r e s t r i c t e d  b ra n c h  developm ent i s  p ro b a b ly  caused  by 

th e  l e s s  fa v o ra b le  grow ing c o n d i t io n s  i n  th e  n u r s e ry  th a n  in  th e  g reenhouse  

b ro u g h t ab o u t by th e  c lo s e  sp a c in g  o f  th e  t r e e s  i n  th e  n u r s e ry  row s. In  

n u rse ry -g ro w n  s e e d l in g s ,  r e l a t i v e  v ig o r  i s  p ro b a b ly  e x p re s se d  a t  th e  end 

o f  th e  grow ing seaso n  by number o f  te rm in a l  buds r a th e r " th a n  by b ra n c h in g .

A lthough  i t  has been  d em o n s tra te d  t h a t  th e  q u a l i ty  o f  n u rse ry -g ro w n  

s la s h  p in e  s e e d l in g s  can be im proved by th e  a p p l i c a t io n  o f  20 to n s  o f  

c o l lo id a l  p h o sp h a te  w ith  o r  w ith o u t 60 o r  120 pounds p e r  a c re  eac h  o f  N 

and K2O d iv id e d  in t o  fo u r  e q u a l am ounts, no ev id en ce  has been  se c u re d  as 

to  w hether so la rg e  an amount i s  e s s e n t i a l  f o r  s u b s t a n t i a l  im provem ent 

i n  t r e e  q u a l i t y .  . The d a ta  on th e  5” 2 5 - to n  c o l lo id a l  p h o sp h a te  

c u l tu r e s  i n  th e  19W+-45 G reenhouse E x perim en ts  s u g g e s t t h a t  10 - o r  

1 5 -to n  a p p l ic a t io n s  m igh t be a d e q u a te . F u r th e r  r e s e a r c h  i n  needed  to  

de term in e  w hat q u a n t i ty  o f  c o l lo id a l  p h o sp h a te  i s  m ost econom ical i n  te rm s 

o f  im proved t r e e - s e e d i in g  q u a l i ty .

For n u rs e ry  u se  on N o rfo lk  s o i l s ,  and p o s s ib ly  s im i la r  w e l l -d r a in e d  

sandy s o i l s ,  i n  th e  p ro d u c tio n  o f  s la s h  p in e  s e e d l in g s ,  an a p p l ic a t io n  o f  

a t  l e a s t  15 to n s  o f  c o l lo id a l  p h o sp h a te  p e r  a c re  m ixed th o ro u g h ly  i n  th e
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upper i* in c h e s  o f  s o i l  i a  recommended. Pour supp lem en ts o f  15 - t o  30~Pouncls 

p e r a c re  o f  N and KgO, added a t  i n t e r v a l s  o f  5 w eeks, sh o u ld  be  a p p l ie d .
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♦The s c a le  shown i n  th e  p h o to g rap h s  i s  g ra d u a te d  in  in c h e s  and 
te n th s  o f  in c h e s .
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P ig .  1 . —E xperim en t I ,  1Sk3~Uk» U pper, l e f t  t o  r i g h t .  T rees i n  
check , 60NP,' and 60NK t r e a tm e n ts .  Lower, l e f t  t o  r i g h t .
T rees i n  60PK, 60N, and 60P t r e a tm e n ts .  T rees  i n  60N 
c u l tu r e s  a r e  s h o r t ,  have few  b ra n o h e s , have stem s o f  sm a ll 
d ia m e te r , and  a r e  l i g h t  i n  w e ig h t. T ree s  i n  th e  60P t r e a tm e n t  
a re  t a l l ,  s tu r d y ,  and a re  w e l l  b ran ch e d . T rees i n  th e  check  
and 60NP c u l tu r e s  a r e  s p in d ly  and have s p a rs e  f o l i a g e ,  w h ile  
t r e e s  i n  th e  60NK, 60PK and 60P c u l tu r e s  a r e  s tu r d y  and have 
dense f o l i a g e .
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F ig . 2

s

-Experim ent I ,  19k3mkk- R e p re s e n ta t iv e  t r e e s .  L e f t  to  
r i g h t .  T rees from  60NP, 60NK, 60PK, 6QN, 60P, 60K, 
60NPE, and check  c u l tu r e s .
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F ig . j5» - -E x p e rim e n t I I ,  19i+3“l44» U pper, l e f t  t o  r i g h t .  T rees 
i n  60NPK, 120NPK, and check  t r e a tm e n ts .  Lower, l e f t  
t o  r i g h t .  T rees  i n  180NPK, (4 x) 15NPK, and  (4x)30NPK 
t r e a tm e n ts .  The p o o re s t  t r e e s  were p roduced  by  th e  
180HPK tr e a tm e n t ,  th e  b e s t  by  th e  (l+x)30NPK tr e a tm e n t .  
S p l i t - a p p l i c a t i o n  c u l tu r e s  produoed b e t t e r  t r e e s  th a n  
th e  s in g le - a p p l i c a t i o n  t r e a tm e n ts .
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P ig .  k

f c .

J J

•Experim ent I I ,  19k3'mkk* R e p re s e n ta t iv e  t r e e s .  L e f t  
to  r i g h t .  T rees  from  60NPK, 120NPK, 180NPK, (lpc)15NPK, 
(l+x)30NPK, (2jj045NPK and check  c u l tu r e s .
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F ig .  5* —E xperim en t I I I ,  19k3~kU* U pper, l e f t  t o  r i g h t .  T rees
in  th e  20 C. P . ,  20 C. P . +(lpc)l5NK and check  t r e a tm e n ts .  
Lower, l e f t  to  r i g h t .  T rees i n  th e  20 C. P . *(1jjc)15N,
10 P e a t ,  and 10 P e a t  +(1jj015NPK. T rees i n  th e  20 C. P . 
+(lp0l5N K , 20 C. P . +(ipc)l5N , and 10 P e a t + (ipc) 15NPK 
c u l tu r e s  ranked  h ig h e s t  i n  a l l  f e a tu r e s  s tu d ie d .  Note 
th e  s tu rd y  ap p ea ran ce , dense f o l i a g e ,  and e x te n s iv e  
b ra n c h in g  o f  th e s e  t r e e s .



/<s

L A
9

Fog. 6 .  —E xperim en t I I I ,  1 9 4 3 - ^ .  R e p re s e n ta t iv e  t r e e s .  L e f t  
to  r i g h t .  T rees from  20 C. P . ,  20 C. P . + (4 x )15NK,
20 C. P* + (4 x ) 15N, 10 P e a t ,  10 P e a t *(l+x)15NPK, 10 
P e a t 20 C. P«, 10 P e a t  20 C. P» +(4x)l5NK and check 
t r e a tm e n ts .
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F ig .  7* --E x p e rim e n t I I I ,  lyLtf-UU* U pper, l e f t  to  r i g h t .  T rees 
i n  th e  10 F e a t 20  C. P . ,  10 F e a t 20 C . P . f ( l4x)NK, and 
(i+x)15N30F/'5K t r e a tm e n ts .  Lower, l e f t  to  r i g h t .  T rees 
in  th e  352 wood a s h e s ,  1320 wood a sh e s  an d  cheek t r e a t ­
m en ts . T ree s  in  th e  10 f e a t  20 C. P . +(14jc)NK c u l tu r e s  
a re  w e ll  developed  and com parable t o  th o s e  in  th e  20 C.
P +(Apc)NK, and 20 C. P . +(ipc)N c u l tu r e s .  T rees  in  th e  
w ood-ashes t r e a tm e n ts  b ran ch ed  more th a n  th o s e  i n  th e  check 
t re a tm e n t b u t  w ere o th e rw ise  s im i la r  t o  th o s e  in  th e  l a t t e r .
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F ig .  8 . —L e f t  to  r i g h t .  T rees  i n  th e . 20 C. P . +(lpc)l5NK, 10 
P e a t 20 C. P . +(i(Js:)l5NK, and 60N c u l tu r e s .  These 
p o ts  i l l u s t r a t e  c e r t a i n  ex trem es in  developm ent o f  
s la s h  p in e  s e e d l in g s .  The t r e e s  i n  th e  20 C. P . 
■f(lpc)l5NK c u l tu r e  had developed  numerous b ran ch e s  
and th e y  were t a l l  and s tu r d y .  T rees i n  th e  10 P ea t 
20 C. P . f(lpc)15M  c u l tu r e  w ere th e  t a l l e s t  th ro u g h  th e  
d u ra t io n  o f  th e  e x p e rim e n t. The p o t r e p r e s e n t in g  60N 
c u l tu r e  produced  th e  s m a l le s t  t r e e s .



J
9 . “ L e f t  t o  r i g h t ,  r e p r e s e n ta t iv e  t r e e s  from  th e  (i+x)l5N30P75K, 

352 wood a s h e s ,  and 1320 wood a sh e s  t r e a tm e n ts ;  a  h e a v i ly  
b ran ch ed  t r e e  from  th e  20 C. P . + (4*)NK t r e a tm e n t ,  th e  
t a l l e s t  t r e e  from  th e  10 P e a t 20 C. P . +(lpc)15NK c u l tu r e ,  
th e  s m a l le s t  t r e e  from  th e  60N c u l tu r e ;  and a  r e p r e ­

s e n ta t iv e  t r e e  from  th e  check  t r e a tm e n t .
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P ig .  10 . --E x p e rim e n t I ,  19I4I4.-J4.5• U pper, l e f t  t o  r i g h t .  T rees 
i n  th e  0 .5  C. P . ,  1 .0  C. P . ,  and 5 C. P . c u l tu r e s .
Lower, l e f t  to  r i g h t .  T ree s  i n  th e  1 .0  C. P . , .
1 .0  C. P . ( S ) ,  and check  c u l t u r e s .  A lthough  v i s i b l e  
d i f f e r e n c e s  i n  th e  t r e e s  from  th e s e  t r e a tm e n ts  a r e  n o t  
obv ious th e s e  i n  th e  o o l l o id a l  p h o sp h a te  t r e a tm e n ts  w ere 
h e a v ie r ,  l a r g e r  in  d ia m e te r , and b ran ch ed  more th a n  th o s e  
in  th e  check  c u l t u r e .  The 23 C* P . c u l tu r e  ( s e e  F ig . 11) 
p roduced  th e  b e s t  t r e e s .



Fig. 11. —R epresentative tr e es  from the 0*5 C. P . ,  1 .0  C. P . ,
5 C> P . ,  25 C. P .,  1 .0  C. P .(S ) ,  and cheek cu ltu res
from l e f t  to  r ig h t . Experiment I , 1 9 ^ -4 5 .
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F ig . 15• —R epresentative tr e e s  from the 30P» 60P, 120P, Pi|QP,
48OP and check cu ltu res from l e f t  t o  r ig h t .  Experiment
II. 1944-45*





P ig . 15• --E xperim ent I I I ,  19kk“k5» L e ft to  r i g h t .  T rees in  the
60P-CaNK, 120P-CaNK, and IjSOP-CaNK. • A1 tho u g h t d if f e re n c e s  
in  th e  t r e e s  in  the  v a rio u s  tre a tm e n ts  in  F ig s . 13, 14# 
and 13 a re  n o t obvious, s ig n i f ic a n t  d if f e re n c e s  e x i s t  in  
stem d iam eter and branching  between th e  d i f f e r e n t  t r e a t ­
ments* C u ltu res  su p p lied  a l l  fo u r  n u t r ie n ts  produced 
t r e e s  w ith  l a r g e s t  stem  d iam eters  and th e  most b ranching



amraB *" *-* ■ .y

*£$$**«

F ig . 16 . —R epresentative tr e e s  from the 60P-K, 12QP-K,
1+80P-K, 60P-NK, 120P-NK, JjBOP-M, and check c u l­
tu res ( l e f t  to  r ig h t ) ,  Experiment I I I ,  l9iUj«45»
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F ig . 17. --R ep resen tative  tr e e s  from the 60P-NK, 120P-NK,
480P-NK, 60P-CaNK, 12DP-CaNK, l+BOP-CaNK, and check
treatm ents ( l e f t  to  r ig h t ) ,  Experiment I I I ,  tykk-hd
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(:■
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Fig* 18* —The two seed  beds o f  th e  1945 experim ent in  th e
A u stin  Cary F o re s t N ursery  in  January  1946. D if­
fe re n c e s  in  se e d lin g  d e n s i ty  and s iz e  a re  most 
eonspicuous in  th e  r ig h t-h a n d  bed*



P ig . 19 . — T rees i n  p l o t  19 a r e  i n  th e  20 C. P . +(4x)30NK and
th o s e  i n  p lo t  20 a r e  i n  th e  20 C. P . c u l tu r e .  T rees  
a re  s tu r d y  and w e ll  developed  i n  b o th  p l o t s .  S e e d lin g  
d e n s i ty  i s  h ig h e s t  i n  th e  20 C. P . t ( i 4x ) 30NK c u l tu r e .
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F ig . 2 0 . — T rees  i n  p l o t  17 a re  i n  a  check and th o s e  i n  p lo t  
18 a re  i n  a  1 .0  C. P . 4-(ipc)30M c u l t u r e .  D e n s ity  
i s  t h i n  i n  b o th  p l o t s .  The e x p e r im e n ta l d a ta  show­
ed l i t t l e  d i f f e r e n o e  be tw een  th e  t r e e s  i n  th e s e  t r e a t ­
m e n ts .
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F ig .  2 1 . — T rees  in  p l o t  23 a re  in  a  20  C. P . +(ipc)l5NK
and th o se  i n  p lo t  21+ a r e  i n  a  1 .0  C. P . c u l tu r e .  
S e e d lin g s  in  th e  fo rm er a r e  w e ll  developed  and 
th e y  form  a  dense s ta n d ,  w h ile  th o s e  i n  th e  l a t t e r  
a re  sm all and r a th e r  s p in d ly ,  and th e y  form  a  r a t h e r  
t h i n  s ta n d .
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P ig . 22 . —S eed lin g s  a t  l e f t  a re  in  a  1 C. P . +(ipc)30NK
and th o se  a t  th e  r ig h t  a re  in  & 1 C. P . c u l tu re .  
A lthough se e d lin g s  in  th e  form er were n o t s ig n i ­
f i c a n t ly  s u p e r io r  to  th e  l a t t e r  th e y  were t a l l e r ,  
h e a v ie r , and had la rg e r  d ia m e te rs . S eed lin g s  in  
th e  1 C. P. c u ltu re  form a denser s tan d  th an  th ose  
in  th e  1 C. P . +(i+x)30NK c u l tu re .
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APPENDIX

E f fe c t  o f  Tem perature and Length o f Day- 

on S eed ling  C h a r a c te r is t ic s

I t  was e v id en t during  th e  19i4i4--45 Greenhouse Experim ents t h a t  th e  

s la s h  p ine  s e e d lin g s  were developing d i f f e r e n t ly  th a n  had th e  t r e e s  in  th e  

19U3-144- Greenhouse E xperim ents. S ince th e  s o i l  in  a l l  p o ts  was m a in ta in ­

ed a t  th e  same m o is tu re  c o n te n t, and s in c e  seed from th e  same l o t  was 

used in  a l l  th e  lyLtf'kU  experim ents and one o f th e  19 +̂̂ +-̂ 4-5 experim en ts, 

s o i l  m o is tu re  and seed source can be d ism issed  as p o s s ib le  causes o f 

d if f e r e n c e s  in  s e e d lin g  beh av io r during  th e  two seasons in  a t  l e a s t  some o f 

th e  ex p erim en ts . At th e  tim e o f h a rv e s tin g  th e  t r e e s  th o se  in  th re e  o f  

th e  fo u r 1914H+5 experim ents and th o se  in  a l l  th e  1943-A|1j. experim ents 

w ere w ith in  a  few days o f  th e  same age. T h ere fo re , d if f e r e n c e s  in  th e  

t r e e s  a t  th e  end o f  th e se  experim ents cannot be a t t r ib u te d  to  age d i f ­

fe re n c e s . C e r ta in  a sp e c ts  o f  th e  environm ent under which th e  t r e e s  grew 

d id  d i f f e r  du ring  th e  two seaso n s. An exam ination  o f Tables 86, 87, 88, 

and 89 r e v e a ls  r a th e r  pronounced d if fe re n c e s  in  tem p era tu re  and le n g th  

o f  day during  th e  v a rio u s  experim en ts. Tem peratures were c o n s is te n t ly  

h ig h e r  and le n g th s  o f  days were lo n g e r du ring  th e  lyLtf-ijLi experim ents th an  

d u ring  th e  lylik-Lfc ex p erim en ts. For t h e  21 weeks o f th e  form er experim en t, 

th e  mean w eekly tem pera tu re  was 10 and 11 degrees F . h ig h e r, th e  mean 

maximum weekly tem p era tu re  was 17 degrees F . h ig h e r , and th e  mean minimum 

weekly tem p era tu re  was 9 degrees F. h ig h e r th an  th o se  fo r  th e  22 weeks o f  

Experim ents I ,  I I ,  I I I  o f  th e  1944^J-5 s e r i e s .  Mean weekly le n g th  o f  day 

fo r  th e  form er was 1*20 to  1 .21 hours lo n g e r than  f o r  th e  l a t t e r .  I t  

i s  e v id e n t t h a t  th e  t r e e s  grew under d i f f e r e n t  tem p era tu re  and leng th -o f-dajjt
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Table 86 . —Weekly temperature and len g th  o f  day during
191+3-1+1+ Greenhouse Experiment

Week o f 
Experim ent

Weekly tem p era tu re -  degree P. Mean weekly 
le n g th  o f day (hours*Mean t Mean maximum j Mean minimum

1 71 i 89
•

61 10.28

2
t

69 * 82 61 10.37

3 67 i 86 61 10.1+8

k 70 t 9l+ 61+ 10.63

5 71 * 85 61 10.77

6 73 t 86 63 IO.95

7 73 * 87 65 11.15

8 81 1 98 72 11.35

9 77 1 95 67 11.55

10 75 * 80 65 11.75

11 75 * 91 66 11.97

12 83 t 99 65 12.18

13 82 s 9k 75 12 .1+0

lk 73 t 93 62 12.62

15 82 1 100 73 12.82

16 88 * 99 81 13.00

17
t

89 t 101+ 82 13.20

18 81+ t 103 71+ 13.38

19 81+ } 103 73 13.52

20
1

90 * 110 78 13.70

21
1

90 t 115 79 13.88

Mean 78 1 95 69 12.00

♦Length o f  tim e  between su n r is e  and sun s e t .



- 232 -

Table 87* —Weekly temperature and len gth  o f  day during
Experiment I , lSkh-kd

Weekly tem pera tu re  -  degree ITTWeek o f
Experim ent Mean Mean maximum I Mean minimum le n g th  o f  day(hours*

1 80 98
t
t 69 11.63

2 70 84
•
•• 60 11.47

3 73 84
3
: 65 11.25

4 67 86
t
: 55 11.01

5 68 77
t
i 61 10.88

6 66 76
I
t 59 10*72

7 65 74
t
l 59 10.58

8 62 70
t
t 55 10.43

9 63 70
i
t 5 7 10.25

10 60 66
t
t 55 10*25

n 64 74
t
* 5 7 10.23

12 66 75
i
t 60 10.23

13 . 68 77
I
I 62 10.23

14 62 70
I
: 57 10*33

15 67 74
i
j 58 10*42

16 65 72
t
t 59 10.55

17 64 76
t
t 55 10.68

18 66 77
t
3 59 10.85

19 69 83
t
t 59 11.03

20 72 86
t
t 63 11.23

21 73 86
t
t 64 11.43

22 76 91
t
t 66 11.63

Mean 68 78
i
t ..  60 10.79

Mean weekly

♦Length o f tim e between su n r is e  and sun set*
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Table 88 . —Weekly temperatures and len gth  o f  day during
Experiments I I  and I I I ,  19bk-k5 Greenhouse
Experiment

Week o f 
Experim ent

Weekly tem p era tu res -  degree F Mean weekly 
le n g th  o f  day(hours*)Mean t Mean maximum Mean manimum

1
*

70 : 81 62 11.43

2 72 * 87 63 11.22

3 68 t 85 56 11.05

4 67 I 76 60 10.85

5 55 * 76 59 10.68

6 63 * 71 57 10.52

7 64  t 70 58 10.42

8 62 t 70 56 10.32

9 60 t 66 55 10.25

10 64 * 74 58 10.23

11 67 I 76 61 10.23

12 68 * 76 62 10.23

13 62 ! 70 57 10.33

67 1 74 58 10.43

15 66 * 73 60 10.58

16 63 t 75 53 10.70

17 67 ! 77 61 10.80

18 70 * 86 59 11.00

19 73 * 85 64 11.27

20 73 * 86 64 11.47

21 76 t 91 66 11.67

22 72 * 89 60 11.89

Kean 67 I 78 60 10.80

♦Length o f tim e between su M ise  and sun s e t



-  234 -

Table 89* --W eekly temperatures and len g th  o f  day during
Experiment IV, 19kk~k5 Greenhouse Experiment

Week o f t Weekly tem p era tu re -  degree F * Mean w eekly
Experim ent ! Mean t Mean maximum' Mean minimum 1 le n g th  o f  day(hours*

1
: t 
t t

t
* 11.10

2 t t 10.90
3 * * 10.73
4 * t 10.68
5 i  J t 10.45
6 tSee Table 51 from th e f o u r th  to  th e  t 10.33
7 < t 10.27
8 j tw en ty - second week t 10.23
9 t * t 10.23

10 : t t 10.23
11 I I 10.33
12 * t t 10.38
13 » * t 10.53
14 s t t 10.67
15 t t * 10.82
16 t t t 11.00
17 j i 11.22
18 : : 11.40
19 i » » 11.60
20 * 74 * 90 62 t 11.82
21 i 61 t 100 68 t 12.03
22 * 74 * 90 62 * 12.25
23 * 79 * 93 68 * 12.47
24 » 72 * 86 63 * 12.67
25 t 81 t 92 73 * 12.87
26 t  80 s 94 72 t 13.07
27 i 82 * 96 73 * 13.25

Mean t  69 * 81 t 61  t 11.24

♦Length o f  tim e between su n r is e  and sun s e t .



Table 90* --E v ap o ra tio n  from L iv in g sto n  atmometers during  
th e  19U1+—U-5 Greenhouse Experim ents

E vapora tion  from atmometers -  m l.
Week t B lack s W hite D iffe ren ce

1
m
i 178 t 144 31+

2 i 156 j 126 30
3 s 128 : 98 30
14- 178 * 131+ 1+1+
5 : li+l * 101 l+o
6 * H a 100 1+1
7 t 114 : 91+ 30
8 : 101 t 67 34
9 * 101 * 65 36

10 * 57 • 1+9 8
11 * 116 : 72 44

. 12 : 89 * 55 34
13 s 62 : 36 26
14 : 58 * 31+ 24
15 : 85 : 52 33
16 : 62 * 37 25
17 : 81+ * 1+5 39
18 * 69 * 1+2 27
19 : 110 s ,63 47
20 s 90 : 53 37
21 1 100 : 67 33
22 * 130 » 92 38
23 * 168 : 127 41
21+ : 172 : 131+ 38
25 * 193 * 151+ 39
26 : 177 ! 11+0 37
27 s 125 98 27
28 : 173 126 52
29 : 159 : 113 46
30 t  169 * .1 3 1 38

T o ta l
t
t 3691

:
: 2639 1052
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c o n d itio n s  d u rin g  th e  two seaso n s. E i th e r  o r b o th  o f th e se  f a o to r s  could  

be th e  c h ie f  cause o r causes o f  th e  d if fe re n c e s  betw een th e  t r e e s  produced

in  th e  1943-44  season  and th ose  produced d u ring  th e  i+5 season .

D ata on c h a r a c te r i s t i c s  o f  t r e e s  from  fo u r com parable tre a tm e n ts  from 

each  o f  th e  two seasons were s e le c te d  to  i l l u s t r a t e  d if f e r e n c e s  betw een 

th e  t r e e s  grown under d i f f e r e n t  tem p e ra tu res  and le n g th s  o f  d ays. These

d a ta  a re  p re sen te d  in  Table 91* Th® combined d a ta  from th e  e ig h t  t r e a t ­

ments were n o t analyzed  s t a t i s t i c a l l y ,  b u t many o f th e  d if f e r e n c e s ,  

e s p e c ia l ly  th o se  in  stem le n g th , a re  so la rg e  as to  le av e  l i t t l e  doubt 

as t o  t h e i r  s ig n if ic a n c e .  Stem le n g th s  o f  t r e e s  in  th e  fo u r 1944*45 

experim ents are 38 to  46 p e rc en t o f  those  in  th e  1943-44 ex p erim en ts . W ith 

re s p e c t  to  b ran ch in g , t r e e s  in  a l l  tre a tm e n ts  o f  the l a t t e r  experim ent 

d id  n o t hold  a c o n s is te n t  r e la t io n s h ip  to  th ose  in  th e  fo rm er. More t r e e s  

b ranched , and th e  number o f  b ranches p e r t r e e  was g r e a te r  in  th e  check 

and 25 C. P . +(4.x)15NK tre a tm e n ts  o f Experim ent I ,  1944*45 th a n  in  th e  

check and 20 C. P . +(i+x)l5NK tre a tm e n ts  o f  th e  1943"44 experim en t. The 

d if f e r e n c e  in  number o f  branched t r e e s  betw een th e  two c o l lo id a l  phosphate 

tre a tm e n ts  p robab ly  i s  no t s ig n i f ic a n t ,  however. T reatm ents in  

Experim ent I I I ,  1944“45» produced few er branched t r e e s  and few er b ranches 

p e r t r e e  th a n  s im ila r  c u ltu re s  in  Experim ent I I ,  1943-44* D iffe re n c es  

in  number o f  branched t r e e s  p robab ly  a re  n o t s ig n i f i c a n t ,  b u t d if f e re n c e s  

in  number o f  b ranches p e r t r e e  p robab ly  a r e .  D iam eters o f  t r e e s  in  a l l  

fo u r  c u l tu re s  in  th e  1944-45 experim ents exceed th o se  o f  th e  fo u r  c u ltu re s  

in  th e  1943*44 experim en t. The form er exceed th e  l a t t e r  by 11 to  12 

p e rc e n t .  Shoot w eigh ts o f  t r e e s  from a l l  c u l tu re s  i n  th e  1943-44 experim ent 

a re  g r e a te r  (13 to  14 p e rc e n t)  th a n  th ose  from th e  1944"45 c u l tu r e s .  In  

c o n t r a s t ,  ro o t  w eigh ts  o f  t r e e s  from two tre a tm e n ts -  check and



Table 91* —The mean o f  measured c h a r a c te r i s t i c s  o f  t r e e s  grown in  
s e v e ra l s e le c te d  s o i l  tre a tm e n ts  under d i f f e r e n t  
tem p era tu re  and le n g th -o f-d a y  c o n d itio n s .

Measured
Charac­
t e r i s t i c s

191+3-1+1+
Experim ent

I I I
Check

19UU-M5
Experim ent

I
Check

191+3-U+ 
Experim ent 

I I I  

20C.P. *
( 1+x) 15NK

191+1+-1+5
Experim ent

I
25C.P. * 
(Lx U tok

191+3-14+
Experim ent

I I
Check

191+1+-1+5
Experim ent

I I I
Check

: 191+3-1U+
*Experim ent 
1 I I  
*(l+x)l5NPK

191+1+-U5
Experim ent

I I I
60P-HK

Stem
le n g th  mm. 237.2 , 88 .8 282.2 111.9 230.1 106 .1+ i 233.1 99 .0

Trees 
branched 
fa o f  t o t a l 1+2.5 80.0 77 .5 95 .0 35.0 30.0 * 70 .0 50.0

Branches 
p e r  t r e e  -  
number 1.17 2 .12 2.27 1+.32 1.20 0 .68 s 2.03 1.12

Stem d ia ­
m eter -  ran 3.1+6 3.99 1+.11+ 1+.81+ 3.20 3.56 i 3 . 1+6 3.78

Shoot
w eight -g r I .83 1.1+1 2.81+ 2.07 1.59 1 .26 » 1.83 1.29

Root
w eight -g r 0.81+ 1.19 1.20 l .£ 9 O.83 0 .7 5 * 0 .89 0 .85

T o ta l 
w eight -g r 2.67 2.60 1+.01+ 3 .76 2.1+2 2.01 ! 2.72 2.11+

Root -  
shoo t ra tio 0.1+7 0 .8 5 0.1+3 0 .8 2 0 .5 2 0 .60 ! 0 .1+9 0 .66
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20 C. P . +(lpc)l5NK- o f th e  form er a re  le s s  (29 and 27 p e rc e n t, r e s p e c t iv e ­

ly .  th a n  th o se  from  s im ila r  tre a tm e n ts  i n  Experim ent I ,  i 9J4JLj.-1L1.5 - Because 

th e  t r e e  ro o ts  in  th e  c u ltu re s  in  the  l a t t e r  experim ents a re  h e a v ie r , and 

th e  t r e e  shoo ts  a re  l i g h t e r ,  th a n  th o se  in  th e  form er experim ent r o o t -  

shoot r a t i o s  o f th e se  194^-45 t r e e s  a re  much la r g e r  (n e a r ly  double) 

th an  th o se  o f  th e se  1943-41+ t r e e s .  On th e  o th e r  hand, ro o t  w eights o f  

t r e e s  in  th e  check and (4 x )15NK c u l tu re s  o f  th e  1943-44  experim ent a re  

s l ig h t ly  le s s  th an  th o se  o f t r e e s  in  Experim ent I I I ,  1944-45* Again 

th e  ro o t- sh o o t r o t i o s  o f  th e  1944“45  t r e e s  a re  la rg e r  th an  th o se  o f  th e  

1943-4^- t r e e s .  T o ta l w eigh ts o f t r e e s  in  a l l  fo u r c u ltu re s  o f  the  

1941+-45 experim ents a re  2 to  21 p e rc en t l i g h t e r  th an  th o se  in  th e  fo u r 

c u l tu re s  o f the  1943-44 exp erim en ts . I t  i s  notew orthy t h a t  t r e e s  grown 

under low tem p e ra tu res  and s h o r t  days, a lth o u g h  making 46 p e rc en t o r le s s  

o f  th e  stem growth o f  t r e e s  grown under h ig h e r tem p era tu res  and lo n g e r days, 

a re  on ly  2 to  21 p e rc e n t l i g h t e r  i n  w e ig h t.

W hile th e  low tem p era tu re  and s h o r t  days were not conducive to  stem 

e lo n g a tio n , ro o t grow th i s  n o t handicapped, as a m a tte r  o f  f a c t ,  ap­

p a re n tly  i t  i s  b e n e f i t te d .

I t  i s  e v id en t th a t  when s la s h  p ine se e d lin g s  a re  grown during  

p e rio d s  o f  r e l a t i v e l y  low tem p era tu re  and s h o r t  days th e y  grow d i f f e r ­

e n t ly  th a n  when grown during  p e rio d s  o f  h ig h e r tem p e ra tu res  and s h o r te r  

days. This f a c t  should  be k ep t in  mind in  th e  i n t e r p r e ta t io n  o f  d a ta  on 

greenhouse-grow n s e e d lin g s .

S t a t i s t i c a l  A n a ly sis  o f  D ata 

The experim ents were so designed  th a t  a l l  d a ta  on t r e e  c h a ra c te r ­

i s t i c s  cou ld  be su b je c te d  to  a n a ly se s  o f  v a r ia n c e . In  some c a se s , d a ta



on s o i l  c h a r a c te r i s t i c s  could  be handled in  th e  same m anner. The sum­

m aries o f  th re e  a n a ly se s  of v a ria n c e  a re  shown in  Tables 92 , 93, and 94• 

These i l l u s t r a t e  th r e e  d i f f e r e n t  ty pes o f experim ent used in  th e  1943"44 

Greenhouse E xperim ent. They show how th e  deg rees o f  freedom  were se ­

g re g a te d . In  a l l  c a se s , th e  v a rian ce  due to  v a r ia t io n  w ith in  p o ts  and 

w ith in  r e p l ic a t io n s  has been seg reg a ted  from th e  t o t a l  v a r ia n c e . When 

th e  v a ria n ce  due to  tre a tm e n t could  be subd iv id ed , as in  Experim ents 

I  and I I ,  1943-144, t h i s  was done. Such su b d iv is io n  was p o s s ib le  a lso  

in  Experim ent. I l l ,  19i4i+—J+5. The e r ro r  v a rian ce  (sum o f squares o f 

e r r o r  d iv id ed  by th e  number of degrees o f  freedom in  th e  e r r o r )  i s  used 

as th e  e s tim a te  o f  the  v a ria n ce  o f th e  p a re n t p o p u la tio n . By compar­

ing  th e  e r ro r  v a ria n ce  w ith  th e  v a ria n ce  o f any o f th e  o th e r  sou rces o f 

v a r ia n c e , th e  p resenee  o r absence o f s ig n i f ic a n t  d if f e r e n c e s  can be de­

te c te d  from th e  F v a lu e . S ince th e  p rim ary  o b je c t o f th e  experim ents was 

to  .determ ine w hether v a rio u s  s o i l  tre a tm e n ts  would cause s ig n i f ic a n t  d i f ­

fe re n c e s  in  th e  response o f  s la s h  p ine  s e e d lin g s , th e  s ig n if ic a n c e  o f 

t h i s  source was examined in  d e t a i l •» In  o rd e r to  determ ine between which 

tre a tm e n ts  a  s ig n i f ic a n t  d if f e re n c e  e x is t s . ,  i t  i s  n e ce ssa ry  to  exp ress 

what c o n s t i tu te s  a  s ig n i f ic a n t  d if f e re n c e  in  term s o f th e  u n i ts  in  which 

th e  t r e e  f e a tu re  was m easured. In  th e  case o f  stem le n g th , th e  u n i t  

i s  m il l im e te r s .  Thus by ex p ressin g  in  m ill im e te rs  th e  d if fe re n c e  in  stem 

le n g th  needed between two tre a tm e n t means to  show s ig n if ic a n c e , i t  i s  

p o s s ib le  to  determ ine between which tre a tm e n ts  a s ig n i f ic a n t  d if fe re n c e  

e x i s t s .  The method o f making t h i s  c a lc u la t io n ,  u s in g  th e  d a ta  from Table 

94, i s  shown in  th e  form ula which fo llo w s t
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Table 92 . --A n a ly sis  o f variance for stem length  a t 6 weeks
Experiment I ,  19U3~M+

D egrees F v a lu e s •
•

Source*
o f

freedom
Sum o f  i  

squaresi
Mean
sq u are

E x p e r i - j  
ment > S3 . 1%

3 S ta n d a rd  
3 d e v ia t io n

T o ta l

W ith in
p o ts

319

288

7598.0 t 

1+002.9 : 13.89

«•
3

3

3

.18 3 
•

1 . 6 1 1.91+

3

3

3
•

R e p li­
c a t io n 3 1+2 1 . 1  : H+O. 3 6

•
3

1 . 8 6  3 1 . 8 6 3 .07

•
3

N l 398.3 : 398.3
3

5.29*3 1+.32 8 . 0 2 3

P 1 209.6 j 2 0 9 . 6 2.78 , 1+.32 8 . 0 2
3

3

K l 7U7.2 s 71+7.2
3

9.93*^ 1+.32 8 .0 2
3

3
•

FP 1 7 .5  ! 7 .5 .0 9  1 U.32 8 .0 2
e
3

NK l 222.8 * 222.8 2 .96  3 U.32 8 .0 2
3

PK l 3*1+ J 3 . 1 +

t
.01+ 3 1+.32 8 .0 2 3

NPK l 5.8  * 5 .8
t

.07 3 
*

U.32 8 .02
3

3
•

E rro r 21 1579.1+ « 75.20
*
3

*
3 1 . 3 7

♦ S ig n if ic a n t a t  5%
♦ ♦ S ig n if ic a n t a t  1“3 

4 ln  t h i s  sim ple f a c t io n a l  experim ent, th e  e f f e c t s  o f any n u t r i e n t  o r th e  
in te r a c t io n  between n u t r i e n t s  i s  secu red  from th e  s in g le  degree  of freedom 
invo lved  in  comparing th o se  tre a tm e n ts  th a t  show th e  e f f e c t  o f  n u t r i e n t  
(o r  in te r a c t io n  o f  n u t r i e n t s )  w ith  th o se  tre a tm e n ts  th a t  do n o t show 
th e  e f f e c t  o f t h a t  n u t r i e n t  (o r  in te r a c t io n  o f n u t r i e n t s ) .  In  t h i s  ty p e  
o f ex p erim en ta l d e s ig n , fo u r  tre a tm e n ts  w i l l  show th e  e f f e c t  o f  a 
p a r t i c u la r  n u t r i e n t ,  and fo u r  tre a tm e n ts  w i l l  show no e f f e c t  o f th a t  
n u t r i e n t .
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Table 93* --A n a ly sis  o f  variance fo r  stem length 6 weeks
a fte r  i n i t i a l  treatm ent, Experiment I I ,

191+3-14+

Degrees F v a lu es  •

Source
of

freedom
Sum of : 

squares :
Mean : 

square :
E x p eri­

ment
:

%  ■ * 1%
: S tandard  
: d e v ia tio n

T o ta l 239 6571.5 *
*
•0

W ithin
p o ts 216 144-13-9 i 20.1+3 : .69

\
:
:

R ep li­
c a tio n 3 5U2.6 s 180.86: 6 .18

:

3 .2 9  * 5.1+2

Methods 1 893.2  : 893 .2  1 30.55 1+.51+ * 8 .68

R ates 2 187.8 j 93 .9  ! 3 .21 3 .68  : 6.36

Methods 
x r a te s 2 95 .6  : 1+7.8 : I .63

•

3*68 : 6 .36

E rro r 15 1+38.1+ s 29.231
t
I * 0 .9

Table 9l+» —Summary of a n a ly s is  o f v a ria n ce  f o r  stem len g th  
6 weeks a f t e r  i n i t i a l  tre a tm e n t, Experim ent I I I ,

191+3-1+1+

: Degrees : F v a lu es  - •e

Source
: o f  
: freedom

Sum of : 
sq u a re s :

Mean : 
square :

E xperi-*  
ment * %  ! 1%

: S tandard  
jd e v ia tio n

T o ta l 1 1+39 15907.82:
:
*

*
:

*
t
•

W ithin
ja r s * 396 101+96.50:

t
26. 50: .38  ! 1 . 14+ ! 1.71+

:
t

R ep li­
c a tio n * 3 318 .68 :

:
106. 22 : 1 .53 * 2 .9 2  * 1+.51

*
*

T re a t­
ment1 * 10 3011+.1+9*

1
301.1+5*

•«

l+.35»°* 2.18 * 3 .00
:

Elrror : 30 2078.15* 69 . 27* * * 1 .3

**Very s ig n if ic a n t
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F value  'treatm en t -  square tre a tm e n t
mean square e r ro r

* 301.1+5 -

S ince th e  F value tre a tm e n t i s  la r g e r  th a n  3*00, th e  d if fe re n c e  

betw een two o r more tre a tm e n t means i s  s ig n i f ic a n t  a t  one p e rc e n t. 

S tandard  d e v ia t io n  o f  tre a tm e n t mean

--4

‘- 4

e r r o r  mean square 
number o f  item s

69«27 „ iTjC  -
S tandard  d e v ia tio n  o f d if fe re n c e  between two means -  s tan d a rd  

d e v ia t io n  '\f2~~ z  1 .3  x 2 z  1.838 

t  a t  5 p e rc en t fo r 30 D. F. -  2.QL+2

t  a t  1 p e rc e n t fo r  30 D. F. z  2 .75

D iffe ren ce  between two tre a tm e n t means to  be s ig n i f ic a n t  r  t  

x s tan d a rd  d e v ia t io n  o f d if fe re n c e  between two means

Z 2.01+2 x 1.838 z  3*9 ( a t  5 p e rc en t)

= 2 .75 x 1.838 :  5*1 ( a t  1 p e rc en t)

Based on th e  fo reg o in g , i f  a  d if fe re n c e  in  stem  le n g th  between two 

tre a tm e n ts  means i s  3*8, th e  d if fe re n c e  between th e se  means i s  s ig n if ic a n t

a t  5 p e rc e n t; i f  the  d if fe re n c e  i s  5*1* th e  d if fe re n c e  between th e  means i s

s ig n i f ic a n t  a t  1 p e rc e n t.

The s tan d a rd  d e v ia tio n s  shown in  a l l  ta b le s  are th e  s tan d a rd  de­

v ia t io n s  o f  the  tre a tm e n t means.

Loss o f  W ater in  Greenhouse 
Through E vapora tion  and T ra n s p ira tio n

Records o f  th e  amount o f  w a ter t h a t  was addsd to  each p o t, and o f  th e

w eig h ts  o f  each  p o t a t  v a rio u s  in te r v a l s  du ring  th e  experim ents and a t  t h e i r
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te rm in a tio n  made p o s s ib le  th e  c a lc u la t io n  o f th e  lo s s  o f  w a ter th rough  

e v ap o ra tio n  and t r a n s p i r a t io n  from each p o t in  th e  greenhouse experim ents 

o f  1943-4+ and 1944-45• These d a ta  were th e  b a s is  f o r  c a lc u la t in g  th e  

mean lo s s  o f  w a te r p er p o t and p e r  gram o f  oven-dry  p la n t  t i s s u e  fo r  

each s o i l  tr e a tm e n t.  This in fo rm a tio n  i s  p re sen te d  in  T ables 95 to  98* 

in c lu s iv e .  S ince th e  19U-3—-W+ experim ents and Experim ents I ,  I I ,  and I I I  

o f th e  1944-45 s e r ie s  extended over approxim ate ly  the  same le n g th  o f  tim e 

(abou t 20 w eeks), d if f e re n c e s  in  mean t o t a l  w a ter lo s s  from th e  p o ts  

in  th e  v a rio u s  tre a tm e n ts  o f  th e s e  experim ents can be a t t r ib u te d  c h ie f ly  

to  d if fe re n c e s  in  tem p era tu re  du rin g  th e  two seasons and d if fe re n c e s  in  

th e  d ry  w eigh ts a t ta in e d  by t r e e s  in  th e  d i f f e r e n t  c u l tu r e s .  The r e l a t i o n ­

sh ip  between th e s e  two fa c to r s  i s  d iscu ssed  elsew here and i s  shown by 

su p p o rtin g  d a ta  in  T ables 86 to  91* in c lu s iv e .

Table 95 shows t h a t  s ig n i f ic a n t  d if f e re n c e s  in  t o t a l  w ater lo s s

e x i s t  between th e  s o i l  t re a tm e n ts .  The c u ltu re s  which produced th e

h e a v ie s t  t r e e s  l o s t  th e  most w a te r , due, o b v iously , to  th e  g r e a te r  

t r a n s p i r a t io n  by th e  la r g e r  t r e e s .  I t  i s  notew orthy th a t  the  w a ter lo s s  

p e r gram o f  d ry  p la n t  i t s s u e  i s  l e a s t  in  th e  c u l tu re s  t h a t  produced the  

h e a v ie s t  t r e e s .  The maximum lo s s  o f  1*345 l i t e r s  occu rred  in  th e  60N 

c u ltu re  and th e  minimum lo s s  o f  0.678 l i t e r  occurred  i n  th e  10 P ea t 80 CT. P. 

+(4c)L5NK c u ltu re *  These c u l tu re s  produced th e  l i g h t e s t  and h e a v ie s t t r e e s ,  

r e s p e c t iv e ly .  The mean w eigh t o f  t r e e s  in  th e  form er were 37*4 p e rc e n t 

o f  t h a t  in  th e  l a t t e r ,  b u t th e  mean w ater lo s s  p e r  gram o f d ry  p la n t  t i s s u e  

i n  th e  form er was 1*98 tim es t h a t  in  th e  l a t t e r .  This la rg e  d if fe re n c e  in

w ater lo s s  i s  due, no doubt, to  th e  g r e a te r  p ro p o r tio n  o f  w ater l o s t

through evaporation in  the cu ltu re which produced the sm a llest tr e e s ,
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Table 95* —Mean lo s s  o f w a te r p e r p o t and p e r gram of dry  
p la n t  t i s s u e  f o r  each tre a tm e n t during  l?)|3~h)| 
Greenhouse Experim ents

i Loss o f w ater
P er p o t t P er gram of d ry  t i s s u e

Treatm ent L i te r s

Check 2 M 6
t

: 1.023
60NP 22.32 1.187
6onk 23.83 : 1.103
6opk 28.20 : 0.953
60W 22.06 : 1.-3U5
6op 27.85 s 0 . 83I+
6ok 26.02 t 0.997
6onpk 2^.90 t 0 .922
60NPK 21+.97 0 . 928^
120KPK 23.77 : 0.970
180NPK 23 . l l : 0.967
(Ipc)l5NPK 26.68 t 0.981
(Ipc)30MPK 26.21 t O.85I+
(Lpc)U5NPK 25.58 : 0 .933
Check 26.00 2 0.970
20C.P. 28.12 > 0.829
20C.P.A(ipc)NK 30.70 2 0.760
20C.P.+(l4x)N 30 . 1+8 2 0 .722
10 P ea t 25.83 2 0.950
10 Peat+(lpc)l5NPK 26.76 2 0.71+5
10 P ea t 20C.P. 27.58 2 0 .826
10 P ea t 20C.P.+(ipc)NK 29.70 2 0.678
(ipc)l5N 30P 75K 23.72 2 0 .882
352 Wood ashes 26.28 2 0.973
1320 Wood ashes 
S tandard  d e v ia t io n  
D iffe re n c e  between t r e a t ­

26.32
0.69

2

0.937

ment means to  be s i g n i f i ­ 1 .95 2

can t a t  5 and 1 p e rc e n t 2.58

F v a lu e  tre a tm e n t _ J 11.21+^
t

1

♦ ♦ S ig n ifica n t a t  1 percent.
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and to  th e  more e f f i c i e n t  use o f  w ater by t r e e s  in  th e  c u ltu re  which 

produced th e  la r g e s t  t r e e s .

The e f f e c t  o f tem p era tu re  on w ater lo s s  can be seen by comparing 

th e  10 P ea t +(i+x)15NPK c u ltu re  (T able  95) o f  th e  191+3-̂ +1+ experim ent w ith  

th e  25C. P . c u ltu re  o f  th e  19l+!+“l+5 experim ent (T able 96 ) ;  and th e  352 wood 

ashes tre a tm e n t (T able  95) w ith  th e  0 .5  C. P . tre a tm e n t (T able 9&)« The 

t r e e  w eigh ts a re  com parable, 3*59 and 3»76 g r . j  re s p e c t iv e ly ,  and 2 .7 0  

and 2 .78  g r . ;  r e s p e c t iv e ly .  The 10 P ea t +(i+x)15NPK c u ltu re  l o s t  26 .76  

l i t e r s  o f w a ter per j a r ,  and th e  25 C. P . c u ltu re  l o s t  23*77 l i t e r s

par j a r .  T h e ir re s p e c tiv e  lo s se s  p e r gram o f  dry  p la n t  t i s s u e  ware

0.71+5 and 0 .632 l i t e r s .  The 352 wood ashes tre a tm e n t had lo s s e s  o f  

26 .28  and 0 .973 l i t e r s ,  and th e  0 .5  C. P . c u l tu re  had lo s s e s  o f  21.1+5

and 0.772 l i t e r s ,  r e s p e c t iv e ly ,  fo r  t o t a l  and p e r gram o f d ry  p la n t

t i s s u e .  The lo s s e s  were co n sid e ra b ly  l e s s  during  th e  c o o le r 1914+-45 

season  th a n  th e  19l+3"^l+ season .

Table 96 shows th a t  s ig n i f ic a n t  d if f e re n c e s  in  t o t a l  w ater lo s s  p er 

p o t a re  caused by s o i l  tre a tm e n t.  On th e  o th e r  hand, Tables 97 and 98 

show t h a t  th e re  a re  no s ig n i f ic a n t  d if f e re n c e s  in  t o t a l  w ater lo s s  caused 

by s o i l  tre a tm e n t i n  Experim ents I I ,  I I I ,  and IV. In  th e  case o f  Experim ents 

I I  and I I I ,  th e  la c k  o f  a s ig n i f ic a n t  d if fe re n c e  in  w a ter lo s s  i s  c o n s is ­

te n t  w ith  th e  absence o f a  s ig n i f ic a n t  d if f e re n c e  in  d ry  w eight o f  t r e e s .

The w ater lo s s e s  fo r  the  f i f t e e n  tre a tm e n ts  in  Experim ent I I  and I I I  were 

rem arkably  un ifo rm . The c u l tu re  w ith  th e  sm a lle s t lo s s  was on ly  s l i g h t ly  

over 5 p e rc e n t below th e  c u l tu re  w ith  th e  l a r g e s t  lo s s  o f  w a te r .

The trem endous in c re a se  in  lo s s  o f  w ater during  a  p e rio d  o f 6 |r weeks 

i s  i l l u s t r a t e d  by comparing th e  w a ter lo s s e s  in  Experim ent IV w ith  th o se  o f
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Table 96 . —Mean lo s s  o f water per pot and per gram o f dry
plant t is s u e  fo r  each treatm ent during Experi­

ment I ,  19UU-U5

) Loss of w ater
P er p o t »Per gram of d ry  t i s s u e

Treatm ent * L i te r s

0 .5C .P . * 21.1+5
:
> 0 .772

1 .0C .P . : 21.99
t
t • 0.7U5

s
5C.P. 1 22.56

I
t 0.698

3
25C .P . : 23.77

t
t 0 .632

3
l.O C .P .(S ) l 22.72

•

t 0.71+5
t

Check : 21.83
•

1 0 . 81+0
t

Standard  d e v ia t io n  : 0 .28
•

t

D iffe ren ce  between t r e a t -  1 
ment means to  be s i g n i f i -  j 
c a n t a t  3 and 1 p e rc e n t :

1.16
1.83

i
t
:
1

■ 1 T “

F v a lue  tre a tm e n t t 8 .1+2++
------

♦ ♦ S ign ifican t a t 1 percent
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Experim ents I I  and I I I  (T ab les 97 and 98)• The lo s s  during  6|r weeks was 

n e a r ly  equal to  th e  lo s s  during  th e  p rev ious 20 weeks. The la rg e  lo s s  

during  th e  form er p e rio d  i s  caused by th e  in c reased  s iz e  o f  th e  t r e e s  and 

th e  h ig h e r te m p e ra tu res .

Expressed in  term s o f su rfa c e s  in ch es  o f w ater (com parable to  

measurement o f  p re c ip i ta t io n )*  th e  lo s s  o f w ater v a r ie s  from a minimum 

o f 13*8 in ch es  in  th e  60P trea tm en t (T able  97) to  a maximum o f  23«9 inches 

in  th e  20 C. P. f(i4.x)l5NK c u ltu re  in  a 20-week p e rio d . These lo s se s  a re  

e q u iv a le n t to  average w eekly lo s se s  o f  1.19  and 0 .69  in ch es , re s p e c t iv e ­

ly .  The maximum lo s s  during  a p e rio d  o f  26^ weeks i s  23.1 in c h es , or 

an average weekly lo s s  o f  1 .06  in c h e s . These f ig u r e s ,  a lth o u g h  n o t 

d i r e c t ly  a p p lic a b le  to  n u rse ry  c o n d itio n s  because o f  d if f e re n c e s  in  

tem p e ra tu re , wind movement, r e l a t iv e  hum id ity , and seepage betw een a g reen ­

house and n u rse ry  environm ent, may be su g g es tiv e  o f th e  amount o f  w ater 

t h a t  must be su p p lied  a n u rse ry  s o i l  to  m a in ta in  s o i l  m o is tu re  adequate to  

s a t i s f a c to r y  growth o f  s la s h  p ine s e e d lin g s . No lo s s  from seepage oc­

cu rred  in  th e  greenhouse because m o istu re  in  th e  s o i l  was re g u la te d  to  

p rev en t such lo s s .  S ince in  th e  greenhouse during  th e  p e rio d s  o f  e x p e r i­

m ents, wind movement was l e s s ,  te m p e ra tu re s , on th e  w hole, low er, and 

r e la t iv e  hum id ity  p robab ly  n o t much d i f f e r e n t  from th o se  in  th e  n u rse ry  

during  a growing season, w ater lo s s  would p robab ly  be le s s  i n  th e  g reen­

house th a n  in  th e  n u rse ry . Water lo s s  in  a n u rse ry  on N orfo lk  s o i l  

(e x c lu s iv e  o f  ex cessiv e  lo s s  by seepage and in  some cases by ru n -o f f  

du ring  heavy r a in s )  would probab ly  average more th a n  th e  1.19  su rface  i n ­

ches which o ccu rred  in  th e  19h3“Uk experim en t. Loss o f  w a ter p robab ly  wouli 

be le s s  th an  t h i s  amount during  the  f i r s t  8 weeks when stem growth i s  ne­

g l ig ib l e .  The au th o r b e lie v e s  th a t  s la s h  p ine s e e d lin g s  growing in  a
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Table 97» —Mean lo s s  o f water per pot and per gram of dry
plan t t is s u e  fo r  each treatment during Experi­
ment II  and I I I ,  19I4I4.-I4.5

Treatm ent

J Loss o f w a ter
* P er po t iP er gram of d ry  t i s s u e
t L i te r s

30P
t
: 18.1+8

t
•• 0.910

60P i 17.82
3

1 0.9U8

120P s 18.10
8

8 0 .892

2L+0P
3
: 18.1+2

8
8 0 . 91+5

1+80P s* 18.79
•
•• 0 .87k

Check
3

: 18.76
3
• 0.933

60P-K : 18.37
•
•• 0.887

120P-K : 18.72
3
•m 0.908

I4.8OP-K ! 18.75
3

8 0.81+1

60P-NK : 18.58
•
8 0 .369

120P-NK
3

s 18.28
8

8 0.887

USOP-I'TK
3

: 18.61+
•
3 0 .825

60P-CaNK s 18.23
3
•• 0 .889

120P-CaJIK
3

: I 8.36
«

8 O.85I+

J+BOP-CaNK
3

: 18.61+
8
8
•

0 .832

S tandard  d e v ia t io n i 0 .28
3
8

: :
F v a lue  tre a tm e n t s 1 .0 1
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Table 98• —Mean lo s s  o f water per pot and per gram of dry
plant t is s u e  for  each treatm ent during Experi­
ment iv ,  19I4I+-U5

T reatm ent

Loss o f w a te r
P e r  p o t sPer gram o f d ry  t i s s u e

L i te r s

60P+(ljx)15NK 35 .81
•

0 . 901+

60P4( 1+x) 15NK( S ) 36.22
s
•• 0 .862

60P4(2x)30M 3U.8I+
•

: 0 .919

Check 3U.50 : 1 .009

S tan d a rd  d e v ia t io n 0 .5 2
3

t

F v a lu e  tre a tm e n t 2.36
••

3
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n u rs e ry  on N o rfo lk  o r  s im i la r  s o i l s  m ust be su p p lie d  from  1 - to  1*5 s u r fa c e  

in c h e s  o f  w a te r  p e r  week t o  m a in ta in  a  m o is tu re  c o n d i t io n  w hich i s  o p tim a l 

f o r  g row th . Heavy r a in s  m ust p ro b ab ly  be d isc o u n te d  by as  much as  50 

p e rc e n t o r  m ore, depending  on t h e i r  i n t e n s i t y  and d u ra t io n  and th e  m o is tu re  

c o n d i t io n  o f  th e  s o i l  i n  c o n s id e r in g  t h e i r  e f f e c t iv e n e s s  i n  su p p ly in g  a  

n u rs e ry  w ith  w a te r .

Annual Use o f  Phosphorous 
by One-Year S la s h  P ine  S e e d lin g s

An a c re  o f  n u rs e ry  seed  beds i s  cap a b le  o f  p ro d u c in g  a t  l e a s t  

1 ,0 0 0 ,0 0 0  o n e -y e a r  s l a s h  p in e  s e e d l in g s .  Assuming a  d ry  w eig h t o f  i+ grams 

p e r  t r e e  f o r  h ig h - q u a l i t y  s la s h  p in e  n u r s e ry  s to c k , th e  w e ig h t o f  an a c re  

o f  n u rs e ry  s to c k  i s  8 ,8 1 0  pounds. S in ce  th e  phosphorous c o n te n t o f  s la s h  

p in e  n e e d le s  was found to  be ap p ro x im a te ly  0 .2 2  p e rc e n t  by d ry  w eig h t 

(T ab le  i+6) and l im i t e d  a n a ly s i s  o f  r o o t  and stem  t i s s u e s  y ie ld e d  0 .2 2  and 

0.12  p e rc e n t  phosphorous by  d ry  w e ig h t, th e  av erag e  phosphorous c o n te n t  o f  

th e  e n t i r e  t r e e  i s  0 .1 9  p e rc e n t .  On th i 6  b a s i s ,  th e  8 ,8 1 0  pounds o f  p la n t  

t i s s u e  c o n ta in s  I 6 . 7I+ pounds o f  phosphorous. T h is  r e p r e s e n ts  th e  amount o f  

phosphorous ta k e n  from  th e  s o i l  by th e  s e e d l in g s .

The Economics o f  N ursery  
Use o f  C o llo id a l  P hosphate

The c h ie f  c o s t  o f  c o l lo id a l  p h o sp h a te  i s  th e  t r a n s p o r ta t io n  c o s t  

from  th e  mine t o  th e  p la c e  where i t  i s  to  be u s e d . T o ta l c o s t ,  in c lu d in g  

c o s t  o f  a p p l ic a t io n  sh o u ld  n o t  exceed  $ 6 .0 0  p e r  to n .  The c o s t  o f  a 

2 0 - to n  a p p l ic a t io n  i s  $ 1 2 0 .0 0 . Assuming t h a t  t h i s  amount w i l l  be  e f ­

f e c t i v e  f o r  a t  l e a s t  10 y e a r s  i n  m a in ta in in g  th e  p ro d u c tio n  o f  h ig h -q u a l i ty  

s l a s h  p in s  n u r s e ry  s to c k  and w i l l  l ik e w is e  b e n e f i t  co v er o rops w hich  may 

be a l t e r n a t e d  w ith  c ro p s  o f  s la s h  p in e  s e e d l in g s ,  th e  c o s t  may be sp re a d  

o v er a  1 0 -y e a r  p e r io d .  However, s in c e  th e  p rim ary  o b je c t iv e  i s  t o  b e n e f i t
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th e  s la s h  p in e  s e e d l in g s ,  th e  c o s t  sh o u ld  be ch arg ed  e n t i r e l y  a g a in s t  f iv e  

c ro p s  o f  s la s h  p in e  s e e d l in g s .  T h is g iv e s  an  a n n u a l c o s t  o f  $21+.00 p e r  

y e a r  to  be ch a rg ed  a g a in s t  1 ,0 0 0 ,0 0 0  s e e d l in g s .  T h is  i s  e q u a l to  

$0.02ij. p e r  1000 t r e e s .  The $0.02i+ r e p r e s e n t s  a p p ro x im a te ly  one p e rc e n t  o f  

th e  t o t a l  c o s t  o f  p ro d u c in g  o n e -y e a r s la s h  p in e  n u r s e ry  s to c k .


