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I. INTRODUCTION 

Althoiieh t h e  usual  pat11 of e n t r y  i n t o  p lan t s  of mineral n u t r i e n t s  

i s  through the  young roo t s  and root  h a i r s ,  the  above-ground por t ions  

a r e  a l s o  capable uf n u t r i e n t  absorption. I n t e r e s t  i n  t h e  app l i ca t ion  

of n u t r i e n t s  t o  above-ground p a r t s  has been s t imula ted  by the  observa- 

t i o n s  t h a t  s e v e r a l  physio logica l  d i seases ,  j.nduced by de f i c i enc ies  of 

s p e c i f i c  elements, can he correc ted  by sprays of the  d e f i c i e n t  elements, 

and t h a t  n i t rogen can be supplied t o  McIntosh'apple t r e e s  through f o l i a r  

sprays of urea. 

However, the  f o l i a r  app l i ca t ion  of urea n i t rogen has r a i sed  t h e  

quest ion,  whether twigs and branches may not  a l s o  p lay  a  p a r t  i n  ab- 

so rp t ion  and u t i - l i za t ion .  Further ,  dormant app l i ca t ions  of minor e le-  

gen t s  have shown n u t r i t i o n a l  value. Accordingly, t h i s  inves t iga t ion  

d e a l s  s p e c f i c a l l y  with t h e  na ture  and ex ten t  of uptake and u t i l i z a t i o n  

o f  nu t s i en to  labeled  with radioact ive  i so topes  applied t o  t h e  bark and 

leaves  of c e r t a i n  h o r t i c u l t u r a l  p l a n t s  during var ious  season's of t h e  

year ,  



Bark Applicat ion of Nu t r i en t s  

Forsyth (22) i n  t h e  t h i r d  e d i t i o n  of h i s  book, "A T r e a t i s e  on t h e  
" 

f i l l t u r e  and. Management of F r u i t  Trees" publ i shed  i n  1803, gave a formula 

f o r  a d re s s ing  t o  be appl ied  t o  pruning wounds and t o  c a v i t i e s  of t r e e s  

a f t e r  removal of decayed wood, a s  fo l lows:  1 bushel  3f f r e s h  cow dung, 

1/2 bushe l  of l ime rubbish of o ld  bu i ld ings  o r  hydrated l ime,  1/2 bushe l  

of wood ashes ,  and 1/16 of a bushe l  of p i t  o r  r i v e r  sand. An improve- 

rnent of ' t h e  o r i g i n a l  formula was t h e  a d d i t i o n  of u r ine  and soap suds 

t;o make a t h t ck  p a i n t  s o  t h a t  it could be brushed on t o , ' t h e  cleaned 

I wounds of a t r e e ,  Before t h e  coinpound d r i ed ,  it was sp r ink led  wi th  a 

p ~ w d e r  comgosed of 2/3 wood ashes  and 1/3 ashes  of burn t  bone. Trees 

I 
made r ap id  and vfgorous g r ~ w t h  a f t e r  t h e  compound was appl ied  accord- 

l 
i n g  t o  Forsyth,  who was a gardener  f o r  King George I11 of England. 

I 

For d i s c l o s i n g  t h i s  Information t:> t h e  pub l i c ,  he was presented a 
7 

. . 
I medal by t h e  Xing. 

Gris (24) ,  working i n  France i n  1843, found t h a t  c h l o r o s i s  i n  

plants could be co r rec t ed  by supplying i r o n  s u l f a t e  e i t h e r  through t h e  

r o o t s  o r  d i r e c t l y  t o  t he  leaves ,  

I I n  America, Downing (14) recommended a wash of 2 pounds of po tash  

i n  2 g a l l o n s  of water  t o ' b e  used f o r  i n s e c t  con t ro l .  This  s o l u t i o n ,  
I 

I pa in t ed  on t h e - t r e e  dur ing  t h e  dormant per iod ,  a l s o  promoted t h e  growth 

of t h e  t r e e  and improved t h e  c o l o r  of t h e  bark, 
I? 



Bal l a rd  and Volck ( 2 )  i n  1914 r epor t ed  increased  growth fol lowing 

both f o l i a r  and dormant season sprays  of sodium n i t r a t e  made t o  f r u i t  

t r e e s  i n  Ca l i fo rn i a .  When c a u s t i c  potash was added t o  t h e  sodium ni -  

t r a t e ,  t h e  t r e e s  bloomed e a r l f a r  t han  when sprayed wi th  sodium n i t r a t e  

alone,  A f ive- fo ld  inc rease  i n  y i e l d  of Yellow Bel l s f lower  apple  was 

found when t h e  t r e e s  were sprayed when t h e  s o i l  was dry. Apples and 

pea r s  responded the  t rea tment  bu t  s tone  f r u i t s  d id  not. 

Work i n  Oregon on t r e e  a p p l i c a t i o n s  of sodium n i t r a t e  was r epo r t ed  

by L e w i s  (35, 36, 37) i n .  1914. He used a sp ray  of 135 pounds of sodium 

n i t r a t e ,  19. pounds of sodium hydroxide, and 135 g a l l ~ n s  of water.  This  

s p r a y  was app l i ed  lharch 17, 1913, when t h e  p l a n t s  were i n  t h e  green- t ip  

stage.' Dry sodiwn n i t r a t e  was applied. t o  t h e  s o i l  around t h e  t r e e s  

Apr i l  25, and a  s o l u t i o n  of sodium n i t r a t e  was sp r ink led  on t h e  grb'und 

around t h e  t r e e s  May 7. The t r e e s  were greener ,  made increased  growth, 

and gave a  h ighe r  y i e l d  when the! f e r t i l i z e r  was appl ied  t o  t h e  t r e e  a s  

compared wi th  e i t h e r  t ype  of ground a p p l i c a t i o n  and no f e r t i l i z e r  ap- 

p l i c a t i o n .  However, no r a i n  f e l l  ' a f t e r  t h e  . s o i l  t r e a t n e n t s  were appl ied.  

The fol lowtng y e a r  a l l  t r ea tmen t s  were made i n  March and no d i f f e r e n c e s  

were noted i n  response t o  method of f e r t i l i z e r  app l i ca t ion ,  

I n t e r e s t  was renewed in durmant t r e e  a p p l i c a t i o n s  a f t e r  s e v e r a l  

workers' (21, 34, 54) showed t h a t  some phys io log ica l  d i s e a s e s  o r  d i s -  

o rde r s  which were caused by d e f i c i e n c i e s  of minera l  n u t r i e n t s  could 

be co r r ec t ed  by such t rea tments .  Roach (49), by us ing  dyes, f o l l d ~ e d  

t h e  movement of s o l u t i o n  i n j e c t e d  i n t o  a  p l an t .  To c o r r e c t  c h l o r o s i s ,  



he suggestad i n s e r t i n g  t a b l e t s  contaiming t h e  missing element i n t o  

h d e s  d r i l l e d  i n t o  t h e  t r e e .  Bennett  ( 3 )  working i n  C a l i f o r n i a  a l s o  

found t h a t  i n j e c t i o n s  of i r o n  s a l t s  would c o r r e c t  l ime induced chlor-  

o s i s ,  

 any workers i n  Aus t r a l i a  and New Zealand have r epor t ed  t h a t  dor- 

clant a p p l i c a t i o n s  a r e  e f f e c t i v e  i n  curing z i n c  and manganese dc f i c i en -  

c i e s .  K i l p a t r i c k  (34) i n  1941 recommended t h e  use of 1 pound of man- 

ganese s u l f a t e  i n  2 g a l l o n s  of water  t o  cure  manganese de f i c i ency  i n  

peaches. Ward (61)  w r i t i n g  i..n A u s t r a l i a  i n  1944 r epor t ed  t h e  most 

r ap id  and most enduring t rea tment  f o r  the l i t t l e - l e a f  d i s e a s e  was found 

t o  be a 2 1/2- o r  5-percent sp ray  of z inc  s u l f a t e  during t h e  dormant1  

season. F'or compbcte recnvery it i s  neccmary  t o  spray 2 years i n  a '  

raw and i n  a l t e r n a t e  yea r s  t h e r e a f t e r .  A s ta tement  was made by Skepper 

(54) i n  an a r t i c l e  i n  1950 on f e r t i l i z e r s  f o r  f r u i t  t r e e s  t h a t  "Appll- 

ca . t ions of z inc  compounds t o  t h e  s o i l  do not  have any b e n e f i c i a l  e f f e c t s  

b u t  f o r t u n a t e l y  t r e e s  a r e  a b l e  t o  absorb z inc  throu.gh t h e i r  l eaves  and 

bark". He recommended 10  pounds of' z inc  s u l f a t e  and 5 pounds of hy- 

dra t ed  l ime j.n 100 g a l l o n s  of wa te r  f o r  c i t r u s  f r u i t s .  For  deciduous 

t r e e s  he suggested t h e  same r a t e s  f o r  f o l i a r  a p p l i c a t i o n s  a s  f o r  c i t r u s  

t r e e s ,  dur ing  the  dormant season 40 o r  50 pounds of zinc s u l f a t e  i n  

1 0 0 . ~ a l l 0 n . s  of wa te r  may he used on deciduous t r e e s .  With apples  i n  

Mew Zealand, F o r e s t e r  (21) has  cured l i t t l e  l e a f  with 25 pounds of z i n c  

, a u l f a t c  in 100 g a l l o n s  of water ,  

Thompson (57) i n  a paper  w r i t t e n  i n  1944 d iscussed  methods, ad- 

vantages,  and disadvantages of both s o l i d  injections and dormant sprays  



made t o  f r u i t  t r e e s .  He suggested t h a t  sprays  a r e  e a s i e r  t o  apply  and 

a l s o  e a s i e r  t o  use t o  t e s t  f o r  a  def iciency by spraying  a  sma l l  limb. 

nisadvantages a r e  t h a t  r e s u l t s  a r e  o f t e n  va r i ab l e  and t h a t  t h e  e f f e c t  

may l a s t  on ly  one season. Also, f e r r o u s  s u l f a t e ,  used f o r  i r o n  de- 

f i c i e n c y ,  may cause i n j u r y  when used a s  a  spray. S o l i d  i n j e c t i o n s  

have t h e  advantage t h a t  t h e y  a r e  r e l i a b l y  e f f e c t i v e  i n  the cure  of 

severe  i r o n  ch loyos is ,  although cons iderable  i n j u r y  t o  t he  t runk  may 

follow. Also i n j e c t i o n s  a r e  no t  w e l l  adapted t o  use wi th  young t r e e s ,  

Thompson f u r t h e r  sugges ts  a dormant sp ray  fof  i r o n  d e f i c i e n c y  of 1 0  

pounds of f e r r o u s  s u l f a t e  i n  100 g a l l o n s  of water  i n  a  s e v e r e ' c a s e  and 

5 pounds i n  o t h e r  cases ,  

Manganbse de f i c i eney  i n  chc1'~-ics has been cured  w i t h  dormant 

sprays  a t  concent ra t ions  of e i t h e r  b o r  16 percent  manganese s u l f a t e  

according t o  Thompson and Roberts (58). The 16-percent manganese s u l -  

f a t e  s o l u t i o n  was more e f f e c t i v e  than the! k-percent. 

Movement of r a d i o a c t i v e  phosphorus from a n u t r i e n t  s o l u t i o n  i n t o  

t h e  base of dormant stems of exc i sed  red  maple and McIntosh apple  t r e e s  

was s t u d i e d  by Eggert  (16) i n  New Hampshire. He found t h e  r ed  maple 

would t ake  up pJ2 f rom" the  n u t r i e n t  s o l u t i o n  b u t  t h a t  t h e  McIntosh d i d  

not  t ake  up ~3~ r w i d l y  unt,i 1 t.hc hlosaom budo began  .to s w e l l .  Apple 

buds when pink c ~ n t a i n e d  10 t i m e s ' a s  much ~3~ a s  t h e  n u t r i e n t  s o l u t i o n  

on a u n i t  weight b a s i s .  The primary l eaves  contained 7 t imes  a s  much 

whi le  spu r s  contained only 1/5 a s  much a s  t h e  n u t r i e n t  so lu t ion .  The 

smal l  branches contained even l e s s  P ~ ~ .  



Harley (30) was no t  ab l e  t o  f i n d  movement of r a d i o a c t i v e  phos- 

phorus through t h e  bark dur ing  t h e  dormant per iod.  However, a t  t h e  

time o f  bud s w e l l  t h e r e  seemed t o  be some i n t a k e  through uninjured 

bark,  and when t h e  bark  was i n j u r e d  t h e r e  was a  decided inc rease  i n  

t h e  absorp t ion  of phosphprus , 

- F o l i a r  Applicat ion of Nu t r i en t s  

Hamilton, Pa lml t e r  and Anderson ( 2 9 )  t r i e d  f o l i a r  a p p l i c a t i o n  of 

v a r i o u s  n i t rogen  c a r r i e r s  i n  t h e  e a r l y  1940's.  A t  t h a t  t ime, t hey  

found t h a t  Uramon (u rea )  induced da rke r  l e a f  c o l o r  w i th  l e s s  damage 

t o  t h e  p l a n t s  t han  d i d  t h e  inorganic  forms of n i t rogen  which t h e y  used. 

A b a s i s  f n r  tho n b o o r p t i o ~ ~  of urea  o r  any o t h e r  substance through 

t h e  leaves  was found by Roberts,  Southwick, and Y a L ~ i t e r  (SO) who 

s t u d i e d  McIntosh apple  l eaves  t o  determine t h e  r e l a t i o n s h i p  of c e l l  

w a l l  c o n s t i t u e n t s  t o  t h e  pene t r a t ion  of sp ray  so lu t ions .  The i r  observa- 

t i o n s  i n d i c a t e d  t h a t  t h e  c u t i c l e  i s  n o t  a  cont inuous l a y e r  b u t  " e x i s t s  

i n  lamel lae  p a r a l l e l  t o  t h e  ou te r  ep.?dermal c e l l  w a l l s ,  The p e c t i -  

naceous subs tances  form a cont inuous p a t h  from t h e  ou t s ide  of t h e  l e a f  

and extend.ing t o  t h e  w a l l s  of t h e  v s i n  ex tens ions ,  which a l s o  con ta in  

a  l a r g e  amount of p e c t i n a w n u s  subotancts.,.The amount and l o c a t i o n  of 

t h e  pect inaceous substances p re sen t  i n  t h e  l eaves  account f o r  t h e  en- 

t r a n c e  of water  s o l u b l e  m a t e r i a l s  such a s  minor elements,  n i t rogen ,  

hormones, and organic  fung ic ides  spraped upon app le  leaves,"  

I F i s h e r  (20) g i v e s  t h r e e  p r i n c i p l e s  t h a t  unde r l i e  f o l i a g e  app l i -  

c a t i o n s  of n i t r o g e n  f e r t i l i z e r .  The f i r s t  is  t h a t  y i e l d s  obtained 

followj.ng f o l i a r  sp rays  are a s  high a s  from comparable s o i l  app l i ca t ions ,  



The second is  t h a t  a g r e a t e r  n i t rogen  e f f e c t  is  obtained t h e  l a t e r  t h e  

sp ray  i s  appl ied ,  up t o  the t ime of t h e  "second coverIt spray.  The 

t h i r d  i s  t h a t  a f o l i a r  sp ray  produces a "n i t rogen  e f f e c t t t  of equal  

magnitude more r a p i d l y  than  does a corngarable s o i l  a p p l i c a t i o n  bu t  

t h a t  t h e  e f f e c t  of t he  s p r a y  a p p l i c a t i o n  i s  l e s s  l a s t i n g .  

Some f a c t o r s  affect i -ng t h e  absorp t ion  of urca by McTntosh app le  

l eaves  have been repor ted  by Cook and Boynton (13). Lower l e a f  sur -  

f a c e s  absorbed urea  more r e a d i l y  than  t h e  upper s u r f a c e s ,  and young 

l eaves  more r e a d i l y  than  old leaves.  A l e a f  which was o r i g i n a l l y  h igh  

i n  n i t rogen  had a g r e a t e r  absorbing c a p a c i t y  than  a l e a f  low i n  n i t rogen .  
I - 

Low temperature,  low vapor p re s su re ,  and t h e  a d d i t i o n  of a we t t i ng  

, agent  increased  urea  u t i l i z a t i o n .  A marked e f f e c t  on absorp t ion  i n  

1 some ca,ses was caused by changing the  pH of the s o l u t i o n .  No e f f e c t  

on absor?t ion.was noted i n  t r e e s  kept  i n  t he  dark  t o  reduce s y n t h e s i s  

of carbohydrates .  When sucrose  was added t o  t he  s p r a y  s o l u t i o n ,  t h e  

amount of i n j u r y  was reduced bu t  a l s o  the  r a t e  of uptake was depressedo 

I The uptake was most r a p i d  t h e  f i r s t  few hours  a f t e r  spraying but con- 

t i nued  a t  l e a s t  48 hours  a t  a measureable r a t e e  

Rodney (51)  a t  Ohio S t a t e  worked wi th  calcium n i t r a t e ,  ammonium 

I s u l f a t e ,  and urca  a s  f ' o l i a r  sprays  on Rfcharerl 2pple t r e e o ,  The urea 

I caused l e s s  l e a f  burning than  d i d  t h e  o t h e r  two compounds. a l s o  

I found t h a t  t h e  amount of e n t r y  through the  upper su r f ace  of t h e  l eaves  

was 1lcal .1~ equal t o  t h e  amount which e n t e r s  through t h e  lower l e a f  

I sur face .  This  i n d i c a t e s  t h a t  n i t rogen  i s  capable of e n t e r i n g  t h e  l e a f  

d i r e c t l y  through the  c u t i c l e  a s  t h e r e  a r e  no s tomatcs  on t h e  upper 

s u r f a c e  of t h e  apple l e a f ,  



When hydrated l ime and a  sui . table  sp reade r  were added t o , u r e a  

sprays ,  Norton (45) was ab le  t o  o b t a i n  both a  c o l o r  and growth response 

i n  peach t r e e s .  S t a rch ,  molasses,  amnonium carbona.tc, ammonium c i t r a t e ,  

and sodium b i s u l f i t e  d i d  no t  i n c r e a s e  t h e  response from a urea  spray. 

He found t h a t  urea a t  10  pounds p e r  100 g a l l o n s  of wa te r  p l u s  Kolofog 

(a  ben ton i t e - su l fu r )  a t  6 pounds p e r  100 ga l lons ,  a s  s t i c k i n g  agent ,  

was t h e  most e f f e c t i v e  ma te r i a l .  

In Washington S t a t e ,  Bullock and o t h e r s  (9)  concluded t h a t  E l b e r t a  

peach f o l i a g e  was ab le  ' t o  absorb urea  but  t h a t  t h e  g r e a t e s t  n i t r o g e n  

response occurred when p a r t  of t h e  n i t r o ~ e n  a p p l i c a t i o n  w a s  made t o  t h e  

s o i l  and p a r t  t o  t h e  f o l i a g e .  They.found t h a t  when the Leaf n i t rogen  

was increased ,  t h e  maturj.ty of t h e  f r u i t  was re ta rded .  

The cure  of manganese de f i c i ency  i n  peaches and apples  by E o l i a r  

a p p l i c a t i o n s  has  been repor ted  by Woodbridge and McLarty (63). Effec- 

t i v e  sp ray  s o l u t i o n s  were 2 pounds of manganese s u l f a t e  i n  100 g a l l o n s  

of wa te r  o r  1 pound each of manganese s u l f a t e ,  b o r i c  ac id ,  f e r r o u s  

s u l f a t e ,  and z i n c  oxide . i n  t h e  same am!xnt of water ,  

Eps te in  and L i l l e l a n d  (19) found t h a t  manganese d e f i c i e n c y  i n  

deciduous f r u i t  t r e e s  could be cured by f o l i a r  sprays ,  by l i q u i d  injec- 

t i o n s  i n t o  branches, and by p lac ing  ' d r y  manganese s a l t s  i n  ho le s  d r i - l l e d  

i n t o  t h e  t runk  of t h e  t r e e ,  

Mot t le  l e a f  on orange h 3 ~  been a l l e v i a t e d  s o  t h a t  t r e e s  produce 

l a r g e r  l eaves ,  l onge r  in te rnodes  and more xylem t i s s u e  when sprayed 

wi th  1 0  pounds z i n c  s u l f a t e  and 5 pounds hydrated lime i n  100 g a l l o n s  

of water ,  according t o  Reed. and Parker  (47).  



It has been es t imated  by Woodhans (64) t h a t  i n  t h e  c i t r u s  reg ion  

of southern  C a l i f o r n i a  t h e r e  have been 402,000 t r e e s  sprayed w i t h  z i n c  

s a l t s ,  35,000 wi th  copper s a l t s  and 17,000 w i t h  magnesium s a l t s .  

Tracer  Tccfiniques 

I n  t h e  p r e s e n t  problem r a d i o a c t i v e  i s o t o p e s  were u t i l i z e d  t o  

fo l low t h e  maqrcment of appl ied  n u t r i e n t s  . Accordingly, a review of 

some of t h e  methods u t i l i z e d  i n  i s o t o p i c  r e sea rch  i s  included.  Meas- 

urement depends on the  emission of r a d i a t i o n  which e i t h e r  a f f e c t s  a 
I t  

photographic p l a t e  o r  a c t u a t e s  a Geiger-Xuller tube. 

I1 
S o l u t i o n  counting 'using t h e  immersion ty!:e of Geiger-!duller tube  

has  been favored  by s e v e r a l  i n v e s t i g a t o r s  (40, 42) on t h e  grounds t h a t  

.the s o i u t i o n s  a r e  e a s i e r  t o  handle and show less -irar-iation ..due t o  

I t  
pos i t i on .  The Gsiger-Muller tube  i s  placed i n  a s o l u t i o n  cup which 

has a f u n n e l  s i d e  arm and a bottom d ra in .  The cup ho lds  1 0  m i l l i l i t e r s  

of s o l u t i o n  p l u s  t h e  counting tube.  ' A f t e r  a sample i s  counted, t h e  

s o l u t i o n  c u p . i s  drained.  The cup need n o t  be rinsed. un le s s  t h e  d i f -  

f e r ence  i n  a c t i v i t y  of t h e  i ' o l l o r~ ing  s o l u t i o n  i s  g r e a t e r  than  50 per- . 

cent, s i n c e  l e s s  t han  1 percen t  of t h e  s o l u t i o n  remains i n  t h e  cup. 

Martin and. Russe l l  (LO) r e p o r t  t h a t  i f  t h e  pH of t h e  counting s o l u t i o n  

i s  below 3 t h e  phosphorus i-s no t  a't-)sorbed by the  c l a s s  wal l s .  

11 
The end window Gi.eg~r-!duller tube,  which i s  more e f f i c i e n t  ( r e -  

cording 25 pe rcen t  of .  t he  emissions compared , t c  1 0  percent  by t h e  im- 
11 

mersion Gieger-Muller tube)  i s  used f o r  counting d r y  samples. H a l l  

and MacKcnzie (28) s t a t e  t h a t  s o l i d  scmyles  should be used because 

when phosphorus i s  i n  a low concentrati .on (1-2 ppm) t h e r e  i s  a..hj.gh 



percentage absorp t ion  by g l a s s r a r e .  Thei r  method involves  t h e  prec ip-  

i t a t i o n  of t he  phosphorus f i r s t  a s  arnrnmium phosphomolybdate and a rc -  

p r e c i p i t a t i o n  a s  magnesium ammoni-um ~ h o s p h a t e .  The second p r e c i p i t a t e ,  

which i s  counted a f t e r  drying,  i.s c o l l e c t e d  on f i l t e r  paper  supported 

by a meta l  rfng. 

MacKenzie and Dean (38) have descr ibed  a method of making bri.- 

q u c t t e s  of ground p l a n t  m a t e r i a l  s o  t h a t  t h c  p l a n t  m a t e r i a l  has  uniform 

sample geometry. This  procedure I s  adapted p a r t i x u l a r l y  t o  i so topes  

of h igh  energy radiat j -on such a.s phosphorus and where l a r g e  anowlts of 

p l a n t  m a t e r i a l  a r e  ava i l ab l e .  

Another technique ustng d r t e d  qround p l a n t  m a t e r i a l  hae been de- 

s c r ibed  by !tIi.tchell and Linder (43). A weighed amount of ground p l a n t  

m a t e r i a l  is  placed on a d i s c  of Scotch Tape supported by a meta l  r ing .  

'Af te r  t h e  r i n g  i -s tapped t o  ob ta in  uniform d i s t r i b u t i o n ,  the  excess  

p l a n t  m a t e r i a l  is  removed f o r  weighj.ng. 

The preceeding techniques  us ing  ~1 .cc t ronj .c  counting a r e  a l l  of a 

q u a n t i t a t i v e  na ture  bu.t t he  o t h e r  important  method, t h a t  of exposine 

f i l m s  by means of r a d i a t i o n ,  i s  p r i m a r i l y  a q u a l i t a t i v e  method. 

Nrittwer and Lundahl (62) have descr ibed  a  technique by which t h e  g r o s s  

absorp t ion  and d i s t r i b u t i o n  of r a d i o i ~ o t o p e s  in young ~vholct plo.nta can 

be eva11late.d. The young p la .n ts  a r e  dri-ed r a p i d l y  under hezit and pres-  

su re  be'fore being placed i n  a  spec!.al exposure box wi th  8 x 10-inch 

Kodak No-Soreen X-rag f i lm.  Af t e r  an exposure of 3 t o  1 0  days f o r  a 

phosnhorus t rea tment ,  . the f i l m  i s  developed and t h e  d i s t r i . b u t i o n  of 

t h e  n u t r i e n t  can be s.een, 



More d e t a i l e d  s t u d i e s  of th.e d i s t r i b u t i o n  of i so tones  can be made 

by using Eastman nuc lea r  t r a c k  p l a t e s  such a s  t ypes  NTB and NTR2. 

Duggar and Moreland (15) used t h i s  type of emulsion i n  w o r k i v  wi th  

t h e  d i s t r i b u t i o n  of $4 from C'JO~ i n  s e c t i o n s  of hydrangea l eaves  15 

microns th i ck .  Loca l iza t ion  of t h e  r ad ioac t ive  carbon nea-rl)  t o  t h e  

exac t  c s l l u l e r  l o c a t i o n  i s  poss ib l e  by t h i s  technique,  

T race r  Experiments 

Some of t h e  e a r l i e s t  t r a c e r  experiments using an  element which 

occurs  na tu ra l ly .  i n  p l a n t s  were done by Gustafson (26) i n  1937 using 

3 2  cyc lo t ron  produced P Stem cutt.i.ngs w i t h  t h e  xylem removed were 

found t o  t r a n s l o c a t e  a s  much phosphorus a s  i n t a c t  c u t t i n g s .  I n  a 

f u r t h e r  experiment Gustafson and Darkin (27) removed t h e  xylem from 

one cut t i .ng,  t h e  phloem from ano the r ,  and l e f t  one o t h e r  f n t a c t ,  and 

found t h a t  e i t h e r  p o r t i o n  of t h e  vazcu la r  system could t r a n s p o r t  t h e  

~ h o s p h o r u s  e q u a l l y  wel l .  

I n  a  l a t e r  experiment, ~ u s t a f s o n  (25)  found tha t .  Bryophyllurn cut- 

t%r,gs vrhich were i n t a c t  were ab l e  t o  t r a n s p o r t  .more phosphorus than  a 

c u t t i n g  w i t h  e i t h e r  t h e  xylem o r  phloem removed. However much l e s s  

phosphorus reached t h e  t o p  of t he  p lan t  when t h e  ~cyltin was removed than  

when t h e  phloem'was removed. 

S t o u t  and Hoagland (55 )  us ing  i so topes  of potassium, sodium, phos- 

phorus, and bronri.ne concluded t h a t  a s  long a s  t h e  bark and wood of t h e  

willow c u t t i n g s  were i n  dcn tac t ,  t h e  c ,mcen t r a t ion  of i so tope  was t h e  

same in bo th  t i s s u e s  r e g a r d l e s s  of t h e  s p e c i e s  of p l a n t  o r  of t h e  i o n  

used. Radiat ion was de tec ted  i n  t.he upper l eaves  of a  r a p i d l y  t r a n s -  

p i r i n g  p l a n t  one hour a f t e r  P~~ was app l i ed  t o  t h e  s o i l ,  
., 



The movement of phosphorus i n  t h e  bean p l a n t  ( ~ h a s e o l u s  vulgarus)  

has been extens;-vely i n v e s t i g a t e d  by Ei.ddulph (4) I n  h i s  f i r s t  work . . 

he found t h a t  phosnhorus moved r a p i d l y  throughout the'  p l a n t ,  fol lowing 

t h e  t r a n s p i r a t i o n  stream, wi th  t h e  g r e a t e s t  concent ra t ion  of phosphorus 

occurri-ng i n  t h e  young leaves .  I n  an experi.ment i n  1941 he ( 5 )  found 

thal; t h e r e  was a  d i f f e r e n c e  i n  r a t e  of mi.grc..tion and i n  d i s t r i b u t i o n  

a t  d i f f e r e n t , h ? u r s  of t h e  day. The g r e a t e s t  downward movement took 

]:lace a t  o r  near  10  A.M. and t h e  l e a s t  n.ear 10  .P.M.. The most pro- 

nounced upwa.rd migra t ion  occurred near  noon, b u t  was comparat ively small .  
4 

Colwell (11)  s tud ied  t r a n s l o c a t i o n  from a  pool  of ~ 3 *  s o l u t i o n  

he ld  on t h e  l e a f  by. a  p l a s t i c i n e  r ing.  The movement of: t,ha phosphorus 

was toward t h e  n e a r e s t  p o i n t s  of u t i l i z a t i o n .  By g i r d l i n g  t h e  s tem.he  

found t h a t  leaf -appl ied  phosphorus was c a r r i e d  by the  phloem of c o t t o n  

p l a n t s  (Gossypium z.). Thi.s was ve r i f i ed .when  the  phloem of t h e  pe t -  

i o l e  was  destroyed by sca ld in? .  The movement of t h e  phosphorus was ,  

then  much s lower than  whcn+thr? l e a f  was und.amaged. 

The c o t t o n  ~ l a n t  was a l s o  used by Hiddulph and Marklc: (6) i n  

s t u d i e s  of mfgrat ion o f  P~~ s o l u t l o n  i n j e c t e d  i n t o  t h e  l c a f .  A con- 

c m t r a t i o n  g r a d i e n t  was found both above and below t h e  l e a f  w i th  do~m- 

ward movement i n  excess  of 21  cen t ime te r s  an hour. The upward move- 

ken t  v a r i e d  from 0  t o  bO percent  of t h e  mobile phosphate, whi le  down- 

~ a r d  movement accounted fnr.f ;c? t o  100 perceul of the  mobile phosphate. 

Very ra!>id. upward movement of bromi-ne, 15 f e e t  i n  5 minutes,  was 

found i n  a  c u r u r h i t  p l a n t  from K B ~ ~ ~  introduced i n t o  the  n u t r i e n t  solu-  

t i o n  S t o u t  and o t h e r s  ( 56 ) .  I n  o t h e r  experiments they found z i n c  



~ , n ~ ~  accumulpted i n  seeds  and c .mduct ing t i s s u e s  of t h e  tomato. It was 

determined t h a t  l e s s  than  1 percen t  of a  s o i l  a p p l i c a t i o n  of phosphorus 

was recovered i n  43 days, 

A s tudy  of t he  metabolism of e lementa l  s u l f u r  appl ied  t o  lemons 

was made by T u r r a l l  and C h a ~ i e n a k  ( 5 9 )  us3 .n~ s ~ ~ ,  Metabolic products  

of .the s u l f u r  were H2S, SO2 and SO4 wi th  a  v e r y  high p ropor t ion  of t h e  

s u l f u r  i n  t h e  hydrogen s u l f i d e  and SO4 being der ived  from t h e  e lementa l  

s u l f u r .  The SO2 formed was 'der ived l a r p e l y  from a  source w i t h i n  t h e  

f r u i t .  

M i t c h e l l  and Linder (&) s tud ied  t h e  e f f e c t s  of co-solvents  and 

su r f ace  agents  on t h e  absorp t ion  and t r a n s l o c a t i o n  of r a d i o a c t i v e  2-11 

d i iodo  (1~3') phenoxyacetic ac id  when t h e  same amount of r z d i o a c t i v e  

ma te r i a l 'was  appl ied  t o  an equal  a rca .  A v e r y  decided i n c r ~ a s e  i n  ab- 

s o r p t i o n  over the  d i s t i l l e d  water  s o l u t i o n  was noted .with s e v e r a l  ad- 
- 

d i t i v e s  ranging up t o  350 pe rcen t  with Tween-20. 

. Simultaneous movement of ~3~ and ~ 1 4  i n  oppos i te  d i r e c t i o n s .  i n  

phloeiil Llssues was d e t e c t e d  by Chen (10). Ha a l s o  found t h a t  t he  xylem 

c a r r i e d  p j 2  when appl ied  t o  t h e  r o o t s ,  whrreas t h e  phloem was t h e  

channel  f o r  f o l i a r  app l i ca t ion .  

Seve ra l  i n t e r e s t i n g  f a c t s  have come from a  s tudy  of c h l o r o s i s  us- 

ing  r ad io i ron ,  by Wann anc! o t h e r s  (60). Chemical a n a l y s i s  of g r e e n  

f o l i a g e  va r i ed  only s l i g h t l y  from t h a t  of c h l o r o t i c  fol iage. .  R e s i s t a n t  

p l a n t s  contai-ned f o u r  t imes  a s  much i r o n  on lime-free s o i l s  2s on high 

lime s o i l s  whi le  s u s c e p t i b l e  p l a n t s  con ta in  e i g h t  t imes  a s  much i ron ,  

I ron  from i n j e c t i o n s  remains i n  an  a c t i v e  s t a t e '  i n d i c a t i n g  t h a t  t h e  

i -nac t iva t ion  of i r o n  must o c r u r  i n  t h e  s o i l  o r  i n  t h e  r o o t s *  



Biddulph and Woodbridge (7)  have worked on t h e  r e l a t i o n s h i p  of 

phosphorus and i r o n  i n  bean p l a n t s .  They found t h a t  a s  t h e  amount of 

phosnhorus i n  t he  n u t r i e n t  s o l u t i o n  was vari.cd .from low t o  high l e v e l s ,  

t h e  concen t r a t ion  i n  t h e ,  t i s s u e s  increased hut. a t  d i f f e r e n t  r a t e s ,  As 

t h e  ::hosm.horus l e v e l  w a s  r a i s e d  above t h a t  necessary  f o r  growth, t h e r e  

was a  p r e c i p i t a t i o n  o f  i r o n  and ?hosphorus ; n  the rouLs i n t e r f e r i n g  

wi th  t h e  movement of both ions .  

S i l b e r s t e i n  and' Wittwer ( 5 3 )  t e s t e d  vari.ous orgamic and inorganic'  

phosphorus com?ounds ' f o r  f o l i a r  a p p l i c a t i o n  on vegetab le  crops.  Best  

growth response was obtained wi th  ortho-phosphoric acid.  I n  a  f i e l d  

t r i a l ,  t h e r e  was increased  e a r l y  bu t  no t  t o t a l  y i e l d  of tomatoes as 

compared t o  a 1,~roadcast  s o i l  appl icat i .on.  Autoradiograms showed t h a t  

pJ2 had moved from t h e  f o l i a g e  of tomatoes,  corn,  and beans t o  t h e  

r o o t s  w i t h i n  6 hours. 

I n  Sweden, Ehrenberg and Cranhal l  (18)  have ma.de i n j e c t i o n s  of 

r a d i o a c t i v e  subs tances  i n t o  f r u i t  t r e e s  i n  an e f f o r t  t o  secure  muta- 

t i o n s ,  The advantage of t h i s  mct.hscl i~ t h a t  the r a ~ i u y l ~ o s ! ) h o r u s  and 

r s d i o ~ u l f u r  tend t o  concen t r a t e  i n  t he  buds where mutat ions a r e  induced, 

wi thout  dams-ge t o  t h e  r e s t  of t h e  t r e e .  

The e f f e c t  of v q o s u r e  of t h e  mcri.ste~nai;ic reg ions  of b a r l e y  sub- 

jec ted  t o  a  cons t an t ,  r e l a t i v e l y  high l e v e l  of r a d i a t i o n  from pJ2 has  

been s tud ied  by Mackie, Blume, and Ha.gen (39). They found c e l l  d iv i -  

s i o n  ceased,  c e l l s  en larged ,  cytoplasm became l e s s  dense, and c e l l  

w a l l s  thickened. Damage t o  shoot  meristems was more pronounced than  

t o  r o o t  meristems when s o l u t ~ . o n s  of comparat ively low s p e c i f i c  a c t i v i t y  

w r e  uoed. 



Two ~ r i t i s h  workers, ~ u s & l l  and Mart in  (52) have r epor t ed  damage 

I t o  p l a n t  t i s s u e  a t  l e v e l s  much l m e r  than  repor ted  by American workers. 

I They found reduced roo t  a t  a  l e v e l  of 10  microcur ies  p e r  l i t e r  

I of c u l t u r e  so iu t ion .  The s o l u t i o n  gave 0.4 "equiva len t  roentgen"* p e r  

I day but  due t o  s e l e c t i v e  accumulation i n  t h e  mer is temat ic  r ec ions ,  t h e  

I r o o t  t i p  rece ived  300 I1equbvalent roentgenu* p e r  day, 

I Blume (8) s tud ied  t h e  e f f e c t  of d i f f e r e n t  r a t i o s  of p j 2  t o  ~3~ on 

I t h e  growth of p l a n t s  i n  s o i l .  The only  reduct ion  i n  growth of b a r l e y  

I seed l ings  occurred a t  t he  h ighes t  concen t r a t ion  of 12,500 microcur ies  

3 1 of P~~ pe r  gram of P ,, 

I The movement of calcium i n t o  torna.to, a l f a l f a ,  red c l o v e r  and wheat 

from a  s o i l  a p p l i c a t i o n  has been s tud ied  by R i r i e  and Toth ( l48) ,  They 

found g r e a t e r  amounts of cab5 i n  t h e  lower l eaves  than  i n  t h e  upper 

leaves.  S p l i t  r o o t  s t u d i e s  w i th  tomatoes i n d i c a t e  l i t t l e  movement of 

cab5 through t h e  r o o t s  i n  a  s o l u t i o n  conta in ing  ~ a h s  t o  o t h e r  r o o t s  i n  

I s o l u t i o n s  of varying l e v e l s  of calcium. 

I The r e l a t i v e  absorp t ion  of nhsophorus by apple t r e e s  was s tud ied  

by Eggert  -- e t  a 1  (17)  working i n  New Hampshire. They have shown con- 

clusj .vely t h a t  phosphorus i n  water  s o l u t i ~ n s  sprayed on t h e  f o l i a g e  

l and smal l  branches of apple  t r e e s  can be absorbed and t r a n s l o c a t e d  t o  

o t h e r  p a r t s  of t h e  t r e e .  Over h a l f  t h e  phosrzhorus sprayed on the  p l a n t s  

p l a n t s  was found t o  have been t r a n s l o c a t e d  t o  t h e  r o o t s  whi le  2  t o  3 

I percent  of t h e  t o t a l  phosphorus i n  t he  p l a n t  came from t h e  f o l i a r  spray ,  

* A "equiva len t  roentgen" ( e r )  i s  e s s e n t i a l l y  t h e  same a s  a  "Roent- 
gen-equivalen-t-physi.calIt ( r e p )  which .is defined a s  "That dose of any 
ion iz ing  r a d i a t i o n  which produces energy absorp t ion  of 93 e r g s  pe r  
gram of t i s s u e n ,  



A device  f o r  t h e  measurement of t he  r a t e  of urea hydro lys i s  has  

been repor ted  by Hinsvark, Tukey, and Wittwer (31), The r e l a t i v e  r a t e s  

14 of C 0 product ion were s tud ied  f o r  s e v e r a l  vege tab le  and woody p l a n t s  
2 

and i.t2 was a sce r t a ined  t h a t  t ha  r a t e  of u rea  hydrv lys i s  a s  i n d i c a t e d  by 

14 C 02 evo lu t ion  was c l o s e l y  c o r r e l a t e d  wi th  t h e  amount of i n j u r y  pro- 

duced by t h e  spray. The g r c a t e r  t h ~  r a t e  of hydro lys i s  t h e  l e s s  t o l c r -  

a n t  a p l a n t  was found t o  be t o  a  given concen t r a t ion  of urea. 

F r a s e r  and Mawson (23) found a  uniform d i s t r i b u t i o n  i n  a  narrow 

s p i r a l  band t o  a  he igh t  of 15 f e e t  fol lowing an i n j e c t i o n  dur ing  t h e  

growing sezson of pba6 below th?  su r f ace  of a t rough holding potassium 

, 'chlor ide s o l u t i o n  which was a t t ached  t o  t h e  t runk  of t h e  t r e e .  The 

r a t e  of movement i n t o  the  p l a n t  from t h e  s o l u t i o n  decreased a f t e r  the  

i . n j . t i a l  r ap id  in take .  Upward movement of ~b~~ ceased i n  October when 

l eaves  became senescent  bu t  downward movement continued. I n  h e a l t h y  

t r e e s ,  t h e  movement was confined t o  a  narrow pa th ,  whj - le ' in  d i seased  

t r e e s ,  t he  movement was over a  fan-shaped area ,  



111. MATERIALS AND IKETHODS 

A l l  r a d i o a c t i v e  m a t e r i a l s ,  which were used i n  t hese  experiments,  

were obtained from t h e  Atomic Energy Commission a t  Oak Ridge, Tennessee., 

45 Radioactive calcium (ca  ), r ad ioac t ive  phosphorus ( P ~ ~ )  and r a d i o a c t i v e  

Potassium ( ~ 4 ~ )  were used t o  s tudy  t h e  r a t e  and e x t e n t  of abso rp t ion  

and subsequent t r a n s l o c a t i o n  fol lowing f o l i a r  and. bark a p p l i c a t i o n  of 

n u t r i e n t  elements. 

45 Radioact ive calcium (ca  ), which was rece ived  a s  a s o l u t i o n  of 

calcium c h l o r i d e ,  was added t o  a 2 percent  s o l u t i o n  of st .ahle calcium 

chlor ide .  

32 Radioact ive phosphorus (P  ), which was received a s  a s o l u t i o n  of 

phosphoric ac id ,  was prepared i n  most experiments a s  a 0.3 pe rcen t  

s o l u t i o n  of s t a b l e  phosnhoric a c i d  t o  whi.ch radioact i .ve ?hcs?horus (p3*) 

was added t o  make concent,rations ranging :fron 1 t o  1 0  microcur ies  p e r  

m i l l i l i t e r .  I n  c e r t a i n  experiments,  concen t r a t ions  of s t a b l e  phos- 

phor ic  ac id  ranging from 0.25 t o  8.0 percent  were used, while  i n  t h e s e  

same experiments the  number of mFcrocuries p e r  m i l l i l i t e r  was v a r i e d  

from 0.01 t o  53.3. . 
Radioect ive potassium (d2), which was received a s  i r r a d i a t e d  

u n i t s  of potassium carbonate ,  was prepared a s  a 9.3 percept, s o l u t i o n  

of potassium carbonate.  

Various procedures  were used f o r  a?plying the  r a d i o a c t i v e  rnater- 

i a . l s  depend-;.ng upon the  na tu re  af t he  p l a n t  m a t e r i a l  under study. For 

l e a f  a p p l i c a t i o n ,  t h e  l eaves  were dipped i n t o  a 6 0 0 - m i l l i l i t e r  beaker  



conta-i-ning t h e  d.esired s o l u t i o n ,  t h e  leaves  being f o r c e d  i n t o  t h e  s o l -  

u t i o n  by means of a  g l a s s  s t t r r i n g  rod,  

When the  sol .ut ion was a p p l i i d  t o  l imbs o r  branches,  p a i n t  brushes 

were used, a 3-i11c!i l:~rush being used on t h e  old l imbs and a 1/8-inch 

brush f o r  wa te r  s p r o u t s  and sma l l  limbs. For some of t h e  dormant ap- 

p l i c a t i o n s ,  a measured amount of s o l u t i o n  was  p i p e t t e d  onto c o t t o n  

gauze wrapped around a  limb. Spraying wi th  a Shur-Shot sp raye r  a t  60 

t o  100 pounds p re s su re  was ano the r  method used f o r  young dormant t r e e s .  

ThFs .work was done i n  t h e  middle of an open f i e l d ,  mask and p r o t e c t i v e  

p l a s t i c  cover bein:; worn by t h e  ope ra to r ,  

Sam?les t h a t  were c o l l e c t t d  from ex i~e r imen ta l  t r ea tmen t s  were 

placed i n  a  drying oven a t  700C. Because of t h e  l a r g e  volune of some 

of t hese  samples, p r i n c i p a l l y  t hose  i.n t h e  out-of-doors experiments 

wi th  ~ h o s p h o r u s  and calcium sprays ,  t he  samples were dri.ed a t  120°F. i n  

a  l a r g e  c i r c u l a t i n g  a i r  d rye r  such . s  used f o r  Eood dehydrat ion.  

To reduce t h e  s h i e l d i n g  e f f e c t  of t h e  t i s s u e  and t o  prepare  t h e  

samples fb? chemical a n a l y s i s ,  t he  t i s s u e  was reduced t o  ash i n  50 

m i l l i l i t e r  p o r c e l a i n  c ruc i 'b les  i n  t h e  muffle fu rnace  a t  ~ O O ~ C ,  Phos- 

. . 
phorus samples werc handled a s  descr ibed  b:j t h e  A.O.A.C. (I), adding 

f i r s t  .SN magnesium n i t r a t e ,  then  concent ra ted  hydrochlor ic  ac id .  

Yagncsium n i t r a t e  w i l l  form magnesium pyrophosphate wi th  t h ?  phosphorus 

c o m ~ o ~ ~ n d s  p re sen t  i n  t h e  ~ l a n t  t i s s u e ,  a comnound which i s  t h e m a l l y  

s t a b l e  a t  600CC. The hydrochlor ic  a c i d  p a r t i a l l y  d i g e s t s  t h e  p l a n t  

m a t e r i a l  which permi ts  c l o s e  con tac t  of t h e  magnesium n i t r a t e  and the  

phosphorus compounds, 



Before ashing,  l caves  and cur ren t -season ' s  shoo t s  were ground t o  

20 mesh i n  a  :Viley n i l l .  Ylatcrsprouts and o t h e r  o l d e r  t i s s u e s  were 

reduced t o  smal l  p i eces ,  then  excess  hydrochloric  ac id  added t o  i n s u r e  

p e n e t r a t i o n  of t h e  magnnsi iim n i t r a t e .  

Ash from f o l i a g e  t r ea tmen t s  was d i s so lved  i n  2 N  hydrochlor ic  a c i d  

then  t r a n s f e r r e d  t o  a 2 5 - m i l l t l i t e r  v~11irnctric f l a s k  and made t o  vol- 

ume. An a l i q u o t  of 5 m i l l j . l i t c r s  was removed f o r  counting.  Ash from 

woody samp1.e~ was d isso lved  Ln ac id  a t  t h e  r a t e  of 5 m i l l i l i t e r s  of 

a c i d  t o  1 gram of dry  p l a n t  ma te r i a l .  Five m i l l i l i t e r s  of t h e  a c i d  

s o l u t i o n  of t h ~  woody m a t e r i a l  was evaporated t o  dryness  on an  e l e c t r i c  

h o t  p l a t e  and used a s  a  sample f o r  counting. A T race r l ab  a u t o s c a l e r  

sq.ul.ppcd ;vLi.th a sh ic lded  chamber was used f o r  countj.ng t h e  samples. 

Autorad5ograms ve rc  used t o  ova lua te  t h e  g ros s  int-ake and d i s t r i -  

bu t ion  of f o l i a r  and bark appl ied  n u t r i e n t s .  Autoradiograms were pre- 

pared by t h e  method rmtl inad by iVittwer and Lundahl (62 ) with  one mod- 

if j.cation. The t r e a t e d  l eaves  were removed from t h e  shoot  t o  prevent  

b l u r r i n g  of t h e  autoradi .ogra~i~ rat;hcF t h a n  washing t h e  leaves  t o  remove 

t h e  excess  phosphorus o r  i:otassium which causes the b lu r r ing ,  

The s t e p s  i n  t h e  prepar2 t ion  of autoradiograms a r e  a s  fol lows:  

1. Place p l a n t  p a r t  between two s h e e t s  of b o t a n i c a l  specimen 

paper  and d r y  under p re s su re  w i th  inf ra - red  h e a t  lamps. 

2. Remove bota.nfca1 specimen paper  from bot'n s ide 's  of p l a n t  

p a r t  and rep lace  w i t h  a s h e e t  of p l i o f i l m  on o n e ' s i d e  and a  new 

s h e e t  of absorbent  paper .  on t h e  o the r ,  

3. P r e s s  p l i o - f i h  s i d e  a g a i n s t  8 x 10  inch ,  No-screen 
' 

Kvdak X-ray f i l m  wi-th s t e e l  p l a t e s  and leave  i n  the  dark (photo- 



graph ic )  room 5 t o  7 days f o r  e g o s u r e .  , 

4. Process  f i l m s ,  using X-ra.y deve loper  and f i x a t i v e .  

Information i.s g iven  on w ~ a t h e r  cnnd i t i ons  when they: were unusual 

and had a probable a f f e c t  on +.he r e s u l t s  ,of  a n  i ~ ~ e r i m e n t ' ~  . 

" Mort d e t a i l e d  i -n foma t ion  on ma te r i a l s  and. methods w i l l  be da- 

s c r ibed  i n  each experl-mcnt. 

\ 



I V .  Ri!:S,LJLTS 

The research  undertaken i n  th i . s  p r o j e c t  may be div.ided i .nto pre-  

l imina ry  experiments not  using r a d i o a c t i v e  m a t e r i a l s  and experiments 

using rad ioa .c t ive  mater ial-s  which are grouped according t o  season ( a )  

appl ica t ions  t o  t h e  hark during t h e  dormant season, (b) a p p l i c a t i o n s  

t o  'both bark and l eaves  during t h e  e a r l y  s p r i n g  season, and (.c) app l i -  

c a t i o n s  t o  t h e  l eaves  dur-ing t h e  mid-summer and l a t e  summer season, 

Pre l iminary  Experiments 

Object:  To dstem'i-ne t h e  t o t a l  bark a r e a  of twigs,  branches,  and 

t runk  of a dormant apple  t r e e ,  s o  a s  t o  g a i n  some appreciat i .on of 

t h e  su r f ace  exposed t o  n u t r i e n t  app l i ca t ions .  

P a r t  1 

Mate r i a l s  and Methods: Two 3-year-old McIntosh apa lc  t r e e s  were u ~ e d  

i n  prieliminary measurements t o  determine a p r a c t i c a b l e  means of de- 

termining the  s u r f a c e  a rpa  of a 'do.mant t r e e .  Two methods were corn- 

pared ( a )  computation from measured diameters ,  and (h)  computat iur~ 

from vol.tme a s  determined by a c t u a l  water  displacement.  

Both methods depended on f i n d i n g  t h e  s u r f a c e  a rea  and weights  of 

stem s e c t i o n s  8Q mjl . l imstero i n  length .  These stem s e c t i o n s  were c u t  

i n t o  e i g h t  diameter  r l a s s e s ,  namely 3, 4, 5 ,  h, '8 ,  11, '13, and 15 

mi l l ime te r s  which r ep resen ted  a l l  t h e ' d i a m o t e r  s i z e s  found on t h e  3- 

year-old McIntosh.awple t r e e s .  



I n  tht? f i r s t  method, it was assumed t h a t  t h e  stem s e c t i o n  was a 

' .  p e r f e c t  cy l inder .  Since t h e  diameter  and the  l eng th  of each s e c t i o n  

was known, the su r f ace  a r e a  of t h e  c y l i n d e r  could be c a l c u l a t e d  by 

using t h e  formula - fo r  the su r f ace  a r e a  of a cy l inde r ,  RDL. D 'was t h e  

d iameter  of t h e  s e c t i o n ,  and L was t h e  l eng th  of t h e  sec t ion ,  

I n  the. second method, .tihe 8 ~ - m i l l ~ . m e t e r  s e c t i o n s  were immersed i n  

graduated cy l inde r s  and me?surements nade of t h e  volume of: water  d i s -  \ 

placed,  It was then  necqssary t o  determine t h e  r a d i u s  of a  stem 80 

mi l l ime te r s  i n  l eng th  which would have t h i s  measured volume. This  was 

done by s u b s t i t u t i n g  the va lue  obta ined  f o r  t h e  measured volume i n t o  

2 t h e  formula f o r  t he  volume of a  cy l inde r ,  Volume =hR L o r  ~ a d i u s ~  = 

Volusle . Thi s  c a l c u l a t e d  va lue  f o r  t h e  r a d i u s  was used t o  determine 
f'y Length 
t h e  s u r f a c e  a r e a  of t h e  80-inillimeter stem sec t ions .  

A propor t ion  was then  used t o  f i n d  t h e  t o t a l  s u r f a c e  a r e a  of 

sterns of a  ~ i v e n  diameter  c l a s s ,  a s  fol lows:  

A1 = c a l c u l a t e d  su r f ace  a r e a  f o r  a  80 mi l l ime te r  s e c t i o n  of 

diameter  D ( c a l c u l a t e d  by e i t h e r  of t h e  2 methods) 

A2 = t o t a l  sur.racc a r e a  of wood of diameter  D 

W1 2 weight of a  80 m i l l i m e t e r  s e c t i o n  of d iameter  D 

W2 = t o t a l  weight of wood of di-ameter D 
' 

4 e s u l t s :  The b.?rk a reas  of t h e  two 3-year-old McIntosh apple t r e e s  

a r e  given i n  Tables  I and 11. These d a t a  show t h a t  t h e  s u r f a c e  a r e a  

obtai'ned by t h e  two methods a r e  s i m i l a r ,  wi th  t h e  va lue  computed by 

I t h e  m~asured diameter method being t h e  Inore conserva t ive  est imate.  



BARK AREA I N  S?UAHE CEXT?XETERS 3F A 3-'17,AR--OLD'McIiJTOSH 2 3  
APPLE TREE (TRSE A )  AS DETE!3hITJf3D BY Tim METHODS 

Aver. .\rea.of '6bt. of Val, of Total  Total  Area of Total  of 
' Diam. 80-nm. 80-xn. 80-mm'. 'Weight Area 8 0 a .  Area by 

k e  of Section Section Section by Section . Voliune 
Branches by Diameter Volume Method 

Diameter Method lilethod 
Method 

(hh.) cSq.Cm.) :ems.) ( M l . 1  ( c ~ s . )  (sq. cm.) S .  . (Sq. Cm.1 

2-yr. 4 lo.  Oh 2.72 1.4 5.44 21.5 11.87 23.8 
6 15.10 3.62 3.0 e.15 31,9 17.36 39.1 
8 wood 22.00 5.44 4.5 16.77 64.7 21.30 62.6 

3-yr. 11 27.53 9.54 9.0 42.20 122.4 30.50 135.0 
13 32.61 13,13 1 1 . 9 .  44.80 111.4 34.52 118.2 

Wood 15 3'7.71 16.77. 15.0 32.60 73.4 38.90 75 . 7 

Total  



BARK 'AREA I@! SCUBl3; !;E)P?TThETERS CJF A 3-'fiAR-OLD McINTOSH 

APPLE TRTE (TREE B )  AS DETEFNPNED BY T'RO METHODS 

Aver. Are a of ~ t .  of Vol. of Total Total Area of Total 
Diam. 80-mm. 80-mm. 80-mm. Weight Area 80-a. Area by 

Age of Section S,ction Section by Section Volume 
Branches Q Diameter Volume Method 

Diameter Method Method 
Ivlethod 

(?dm.) (Sq. ~ n . 1  ( G m s . 1  (hf1,) (Gms.) (So. h.) (Sq. h.) (Sq. Cm.1 

1 .  3 ' 7. ;5 1.81 .7 9.54 ' . 39.6 
3 

'8. !42 
7 . 3  1-81. 

46.4 

Wood 
.85 

4 .  10.06 2.72 1.29 8.15 30.2 11.39 
9.26 

4 10.06 ' .  2.72 1.50 
35m4 

5 
12 . 2:. 

12.57 3.18 2.2 16.32 64.7 
5 12.57 

14.91 , 

3.18 - 2.4 
7'8.5 

15.56 

3-yr. 11 27.63 9.08 8.7 23.55 
13 

72.5 
33.61 12.68 

29.55 76.9 
13.5 39.kO 104.5 36.10 

' 'Hood 15 37.71 
109.0 

17.63 17.0 40.75 8 9 . 3  41.80 99.2 

Total  501.9 



P a r t  2 

IvIaterials and Methods : ~ u r i h g  January 1952, t h e  t o t a l  s u r f a c e  a r e a  

was detem;.ned of a. 25-year-old McIntosh apple t r e e  w i t h  a l imb spread 

I of 26 f e e t  8 inches  and a he igh t  of 20 f e c t  10  inches by t4hc measured 

diammter method. 

The t r o e  was c u t  down and t h e  wood qroupod i n t o  1 9  d iameter  

c l a s s e s ,  ranging from 5 mi l l ime te r s  t o  305 mi.l l imeters ,  a s  shown i n  

Table 111. Branches up t o  8.5 cent jmeters  i n  diameter  were c u t  i n t o  

80-millimeter l zng ths  and t h e  avara.ge weight of 10 s e c t i o n s  was de- 

termined. This  average weight and c a l c u l a t e d  surfa.ce a r e a  were sub- 

s t i t u t e d  i n  t h e  p ropor t ion  used i n  p a r t  1 of t h i s  experiment. For 

l imbs w i t h  a diam?i;tr ~ r o a t a r  than  8.5 utri~LS.mr?ters, t h e  a r e a  was ca l -  

cu la ted  d i r e c t l y  as sum in^ t h e  l imb t o  be cyli .ndrica1. 

It w i l l  be seen from t h e  accompanying t a b l e  .(Table 111) t h a t  t h e  

su r f ace  a r e a  of t he  25-year-old McIntosh apnle t r e e  was 85.99 s q u a r e '  

meters .  I n t e r e s t i n g l y  enough, wood of 6 mi l l ime te r s  o r  l e s s  i n  dia-  

meter  cons t i - tu ted  s l j g h t l y  over  one-third (35.7 pe rcen t )  of t h e  en.Llre 

su r f ace  a rea ,  and over one-half (53.7 pe rcen t )  was 1 0  mi l l ime te r s  o r  

l e s s  i n  diamnter.  Thus a l a r g e  port ion '  of t h e  su r f ace  a r e a  of t h e  

t r e e  occurred i n  wood n o s t  adap&d f o r  the -i.ntalce of ~i~irler.al i l u t r i e n t s '  

becausd of t h e  r e l a t i v e l y  thi.n l a y e r  of weriderm, 



. . TABLE I11 

BARK ARVA IN SCUAR.~I: METERS AND SOUARJi: FF;ET 

OF A 25-YF:AR-C?Jl ILcIKTOSH APPLE TREE 

Aver, Area of . Total  Tota l  Port ion Avsr .  W t .  Tota l  
Diam. of 80-rim. Area Area of of 80-rm. Weight 
Branches Section Tree Section 
(lhi ) (Sq. Cm.) (sq. ! A a )  (Sq* F.) % (oias. > (Gms.) 

115 --- . 84 9.04 1.0 --- --- 
12c --- . 1 3  1. lro .1 --- --- 
56: --.. . .43 4.63 - c; --- --- 
3C5 --- 1.06 11 .41  1.3 --- --- 
Grand Tota l  85.39 925.25 99.8 --- --- 



Experiment I1 

Object: To t e s t  t h e  e f f e c t i v e n e s s  of va r ious  s t i c k i n g  agen t s  when 

used wi th  n u t r i e n t s  a,pplied t o  t h e  bark of f r u i t  t r e e s .  

P a r t  1 

Ida te r i a l s  a.nd Methods: A 5 percent  s o l u t i o n  of phosphoric ac id  con- 

t a i n i n g  1/100 microcur ie  of P~~ p e r  m i l l i l l . t e r  was used as t h e  basic 

s o l u t i o n  t o  which were added t h e  fol lowing s t i c k i n g  agen t s  a t  a  con- 

c e n t r z t i o n  of 2 ounces t o  100 g a l l o n s  of water:  T r i t o n  B-1956, Ortho, 

Dupont.Sticker-Spreader, Atlas  G-772, At la s  Tvieen-20, and Methocel . 

4000 c.p.s. Other s t t c k i n g  a s e n t s  used ware P lan t  Spra.y Spreader  a t  

1 ounce t o  8 g a l l o n s  of water ,  Kolofog a t  6 pounds t o  100 g a l l o n s  of 

wa te r ,  and Good-rite PF-PS a t  6 pounds t;o 100 g a l l o n s  of water.' 

To t e s t  t h e  clffect iveness  of t h e  s t i c k i n g  agents ,  uniform s e c t i o n s  

of water  s p r o u t s  from McIntosh apple t r e e s  6 m i l l i m e t e r s  i n  di-ameter 

and 8 cent imeters  5n l eng th  were immersed i n  s o l u t i o n s  conta in ing  the  

s t i c k f n g  agents .  Five stem s e c t i o n s  were used wi th  each agent .  

A hook-shaped p iece  of w i re  was i n s e r t e d  intm t h e  p i t h  of cach 

s e c t i o n ,  i n  order  t h a t  t h e  s e c t i o n s  could b e  immersed i n  the  s o l u t i o n s  

and l a t e r  hung up u n t i l  dry. 

Standard pr.ocedure f o r  phosg?horus ana1ysi.s a rcord ing  t o  t he  

A.O.A.C. (1) w a s  followed, except  t h a t  i n s t ead  of being ground t h e  

s e c t i o n s  were c u t  i n t o  smal l  p i eces  before  being t r c a t c d  wi th  t h e  re -  

agen$s i l l  p~.cpa.Yation f o r  ashing . 
The ash wis disso lved  i n  5 m i l l i l i t e r s  of 2 N  hydrochlor ic  and 

then transferred t o  meta l  sample boxes f o r  counting t h e  r ad i a t ion .  



~TEMTI0l.I OF P~~ PHOSPHOHTC A C I D  EY McIKTOSH A P L E  STEM 

SECTIONS AS RFFFiCTED 1jY SEVERAL STI(:I;INS MID WETTING AGENTS 

AS TNDICATED BY COIJNTS P E R  MINUTE' FROY P~~ 
- 

S t i c k i n g  Retent ion  Grams 
and/or - ~ount/mj.n. depos i ted  f o r  
Wetting p e r  sq. cm. e n t i r e  mature 
agent  of surf ace apple tree4t 

- 

At la s  C-772 6.93 179.5 
\ 

Carbowax 1500 6.31r 164.2 

Kolof og 5 a 113 llr0 . 7 

nupont s . S . 7.58 196.3 

Methocel 4000 8.03 208.1 

Ortho 

PE-PS 

F l a n t  Spray 6.29 162.9 

T r i t o n  1956 6.33 l h h  . 0 

Tween-20 7.16 185.5 

%-Computed on t h e  b a s i s  of t h e  5 p e r r - ~ n t  s o l u t i o n s  used f o r  these 

t e s t s  and t h e  su r f ace  a r e a  of a 25-year-old McIntosh agule t r e e  

a s  det t rmined i n  t x u ~ r i m e n t  I. 
- - -  --..-̂--,*-.L---"---- - 



Resul t s :  The r e s ~ l t s  of: t h i s  experiment given i-n Table I V  a r e  t h e  

avr rcges  of t h e  amount of rad-i.oactivity. found on t h e  f i v e  secti-ons 

uscd f o r  each so lu t ion .  

Both K o l ~ f o g  and Goodritc PE-FS arc known t o  be good s t i c k i n g  

scants b u t  i n  t h i s  t ~ s t  they showed t h e  lowest  f i g u r e s  f o r  r e t en t ion .  

A poss ih l c  cxnlonat ion  i s  t h a t  durj-ng t h e  ashing process  a  compound 

may be formed with v h o s ~ ~ h o r u s  which i s  v o l a t i l e  below 6 0 0 ~ ~ .  Phos- 

phorus d i - ,  tri-, pente-, and he? ta-su l f ides ,  having b o i l i n g  p o i n t s  

ranping from 337'~.  f o r  t h e  d i s u l f i d e  t o  523'~. f o r  t h e  hep ta su l f ide ,  

could have been t h e  compounds formed, 

p a r t  2 

h?aLerials and Methods: A second s e r i e s  of t e s t s  was conducted us ing  

Gupont St icker-Spreader  and Methocel 4000 c.p.3. a t  t h e  same r a t e s  as 

were used i n  t h e  f i r s t  t e s t s ,  :-)lus s011.1tj.ons. of Methoct l  4000 c.p.s. 

and hiethocel 1500 c.p,s.  a t  t h e  r a t e  of 4 pounds of s t i c k e r  t o  100 

g a l l o n s  of so lu t ion .  

The ends of t h e  2t31trn s - c t i ons  were dipped i n  p a r a f f i n  so a s  t o  

prevent  absorp t ion  of s o l u t i o n  through t h e  c u t  ends. A f t e r  t h e  ctern 

s e c t i o n s  were dry ,  t h e  ends were c u t  and d iscarded ,  lea7 ing  a  p i ece  of 

shoot. 6 oentirnet tss  j.11 l eng th .  'l'he stem s e c t i o n s  were prepared f o r  

a n a l y s i s  i n  t h e  same manner a s  descr ibed  i n  P a r t  1. 

Resul t s :  The r e s u l t s  of t h e  second. s e r i e s  o f  t e s t s  a r e  shown i n  Table 

v. 

The va lues  obta ined  confirmed t h e  r e s u l t s  obtained i n  t h e  f i r s t  

t e s t .  Methocel 4000 c.p.s. was aga in  found .to be the most e f f e c t i v e  



TABLE V 

RETEKTTON OF ~3~ PHOSPHORIC AC:lD I!Y McINTOSH APPLE STEM 

S E C T I O N S  AS AJ?FE:CTED EY SEVFFJtL STICKING A!3ENTS AS 

:[IJBIClrTED BY C:)TINTS, PER JiiINUTE F'ROIII ~3~ 

S t i c k i n g  
and/or 
Wetting 
a,gcnts 

Retent ion Grzms 
C O U H ~ / I I I ~ I ~ .  depos i ted  f o r  
pe r  Sq. Cm. en t i r e . rna tu rc  
of s u r f  ace apple  t ree i t  

Dupnnt S.S. 1.68 
2  oz . / lo0 gal .  

Methoccl 4000 b.33 
2  oz./100 g a l .  

Methocel 4000 3 - 8 9  
4 ibs./100 gal .  

Me t h o c e l  1500 3.18 . 170.86 
b l b s  . / lo0 g a l .  

3tComputtd Qn t h e  b a s i s  of t he  5 pcrr.ent s o l u t i o n s  used f o r  t h e s e  

t e s t s  and the  su r f ace  a r e a  of a 25-year o ld  il4cIntosh apple  t r e e  

a s  determimed i.n experiment I. 



s t i c k i n g  agent ,  bu t  increasi .ng the  amount of s t i c k i n g  agent  d i d  no t  

r e s u l t  i n  a correspond.i.ng inc rease  i n  t h e  amou.nt of phosphoric a c i d  

r e t a ined  on the  stem sec t ion .  

Experiment I11 

Object:  To determine t h e  to l e rance  of ItcIntosh apple  and Montmorency 

che r ry  t r c e s  when dormant and when i n  t h e  green t i p  s t a g e  t o  sp,ra.ys of 

mj.neral n u t r i e n t s  a t  d i f f  e r c n t  c ~ n c e n t ~ r a t i o n s .  

l,Katerials and Methods: One year-old Montmorency che r ry  t r e e s  ( ~ n j - ~ h t -  

39wd s t r a i n )  and 2-J-ear-old McIntosh apple t r a r s  were obtained from 

t h e  Greenjng Nurser ies  of lionroe, Michigan, i n  February, 1952, f o r  

t h i s  experiment. The t r c e s  were pla.nted i n  l a r d  cans which Keld sp- 

proximately one cub ic  f o o t  of coarse  quz r t z  sand. Tap .water  a lone ,  
. . 

without  any added n u t r i e n t  m a t e r i a l ,  was suppl ied  t o - t h e  p l an t s .  

So lu t ions  o r  s l u r r i e s  of calcium ch lo r ide ,  phosphoric a c i d , p o -  

t sss ium . n i t r a t e ,  NuGreen (u rea ) ,  and a 20-20-20 f e r t i l i z e r  were pre- 

pared a t  concen t r a t ions  of 2, 4, 8, 16, and 32 pe rcen t  by weight  and 

sprayed onto t h e  p l a n t s  wi th  a smal l  hand sprayer  u n t i l  t h e  p l a n t s  

were thoroughly  wet w i th  t h e  s o l u t i o n s .  Potassium n i t r a t e  was n o t  

used i n  P a r t  1 of h i s  experiment but it was used i n  P a r t s  2, 3, and 4 

because a p e c u l i a r  rnargs.na1 c h l o r o s i s  developed on t h e  t r e e s  sprayed 

wi th  NuGreen and tho 20-20-20 f e r t i l i z e r  which both  conta in  urea  n i -  

t rogen ,  Two t r e e s  were  prayed a t  each concentra . t ion of t h e  f i v e  

m a t e r i a l s  and two t r e e s ,  which wera not  sprayed, se rved  a s  check t r e e s  

f o r  each p a r t  of t he  cxpcriment. 



This  e x p ~ r i m e n t  was d iv ided  i n t o  f o u r  p a r t s :  P a r t  1= Dormant 

sprays  on c h e r r i e s ,  P a r t  2-  ree en tip sp rays  on c h e r r i e s ,  P a r t  3- 

Dormant sprays  gn apples ,  and P a r t  &- Greent ip  sprays on apples .  

Cherry t r e e s ,  which were sprayed i n  the  dormant s t a t e ,  ware p lan ted ,  

and weye spraykd February 28 i n  t he  greenhonse. Cherry t r e e s ,  which 

were sprayed i n  t h e  g r e e n t i p  s t age ,  were p lan ted  March 28. These 

t r e e s  remained ou t s ide  the  greenhouse u n t i l  A p r i l  l l t h ,  when they  were 

sprayed and then  were taken i n s i d e  the  gr*v-mhouse. Apple t r e e s ,  

which were sprayed i n  the  dormant s t a t e ,  were p lan ted  and were sprayed 

&larch 26th. On March 27th t h e s e  t r e e s  were moved t o  a n  unheated 

bui ld ing  f o r  10  days, Apple t r e e s ,  which were sprayed i n  t h e  green- 

ti.p s t a g e ,  were p l an ted  March 29th and then  were l e f t  10  days out-of- 

doors. The g r r e n t i p  s t a t e  of bud grawth was no t  reached till a f t e r  

t h e  t r e e s  had heen i n  the  greenhouse seven days. 

Resul t s :  The e f f e c t s  of t h e  d i f f e r e n t  ,materi.alc on t h e  development 

of t h e  t r e e s  I n  each of t he  f o u r  p a r t s  of  t h i s  experiment w i l l  be 

presented sepa ra t e ly .  

P a r t  1 Dormant Spray on Cherry 

I n h i b i t i o n  of t h e  r a t e  of development o f . t h r :  buds was shown by 

t r e e s  sprayed wi th  2-, 4-, and 8-percent- sol'uti ons of calctuin ch lor ide .  

The i n h i b i t i o n  had been overcome by t h e  time f ina.1 observa t ions  we're 

made f o u r  wcaks a f t e r .  p l an t ing  and t h e s e  p l a n t s  were average i n  de- 

velopment. The two h l g h a s t  d o n ~ c ~ ~ t r a t i o n s  of calcium c h l o r i d e  k i l l e d  

some buds and caused i n h i b i t i o n  of o thers .  Approximately 20 percent  . 

of t h e  buds sprayed wi th  the  32-percent s o l u t i o n  were dead and ano the r  



35 percent  were n o t  growing b u t  were s t i l l  green i n s i d e  when c u t  open. 

1-pproximately 5 pe rcen t  of t h e  buds, most of which were te rmina l ,  were 

k i l l e d  by the  16-percent s o l u t i o n  while  another  10  percent  of t h e  buds 

appeared t o  be i n h i b i t e d .  

No k i l l i n g  o f - t h e  buds was noted with any of t h e  concent ra t ions  

of ~ u ~ r g e n  used. The 16- and 32-percent s o l u t i o n s  d i d  caurs  a .white 

o r  yellow marginal  c h l o r o s i s  of t h e  l eaves  of t h e  developing shoots.  

No e f f e c t  on the  development of t h e  buds was noted whcn concen- 

t r a t i o n s  of phoaphoric ac id  8-percent o r  l e s s  viere sprayed on t h e  t r e e s ,  

Only a few l a t e r a l  buds were destroyed by t h e  16-percent s o l u t i o n .  The 

32-percent s o l u t i o n  of phosphoric ac id  proved t o  be  the  most t o x i c  

s : , lu t ion  used i n  p a r t  1 of t h i s  ex::crimant as  75 percent: of' t h e  buds 

sprayed w i t h  it. were k i l l e d .  The l a t e r a l  buds were: d e s ' t r o ~ e d  by  t h i s  

s o l u t i o n  i n  c o n t r a s t  t o  t h e  t e r m i n a l  buds which were destroyed by t h e  

ca.lcium ch1ori.de so lu t ions .  

Sprays  of 20-20-20 f e r t i l i z e r  produced t h e  same r e s u l t s  as those  

descr ibed  f o r  t h e  NuGreen. 

P a r t  2 Green T ip  Spray  on Cherry 

Calci~un c h l o r i d e  caused no i n h i b i t i o n  of the  r a t e  of development 

of t h e  buds whcn used a t  a concent ra t ion  of 8 perrent. o r  l e s s .  A L  

f i r s t  a l l  t h e  buds appeared t o  have been dcs t royed  by t h e  32-percent 

s o l u t i o n  and only  m e  bud on each t r e e  sprayed wi th  t h e  16-percent 

s o l u t i o n  was yrowj-ng. La ter  t h r e e  buds developed on each t r r e  sprayed 

wi th  t h e  32-percent s o l u t i o n  while  only  one bud developed on one of t h e  

t r e e s  sprayed wi th  16 percent  calcium ch lo r ide ,  



NuGreen had no e f f e c t  on t h e  t r e e s  which were sprayed wi th  a  s o l -  

u t i o n  of 8 percent  o r  l a s s .  About S O  percent  of: t h e  buds were destroy-  

ed hy t h e  32-percent s o l u t i o n .  ld!argS.nal c h l o r o s i s  s t a r t e d  t o  appear  

18 days a f t c r  spraying w i t h  t h e  16- and 32-percent s o l u t i o n s .  

Phosphoric ac id  a t  concen t r a t ions  up t o  8 percent  d id  a p p e a r ' t o  

be t0xi.c. A t  16 perucrrt about  SO percent  of t h e  buds were k i l l e d  and 

a t  32 percent  a l l  buds were k i l l e d  al though one shoot  was produced 

from an  adven t i t i ous  o r  l a t e n t  bud of one of t h e  t r e e s  before  t h e  f i n a l  

measurements were taken.  

Potassium n i t r a t e  d i d  not  cause i n j u r y  a t  any of t h e  concentra- 

t i o n s  used i n  t h i s  experiment. 

No .i,.njury i n  t h e  form of bud k i l l i n g  was found b u t  marginal  chloro- 

s i s  of t h e  lnavcs  occurred fol lowing the  a p p l i c a t i o n  of t h e  16- and 32- 

percent  concen t r a t ions  of t h e  20-20-20 f e r t i l i z e r .  

Leaves of shoots., a f f e c t e d  by c h l o r o s j . ~ ,  were pa in t ed  w i t h  0.3- 

pe rcen t  s o l u t i o n s  of manganese ch lo r ide ,  rnagnrsium s u l f a t e ,  magnesium 

n i t s a t e ,  potaosium sulCaLc, and potassium c h l o r i d e  21  days  a f t e r  they  

had been sprayed t o  f i n d  whether a  d e f i c i e n c y  of magnesium, manganese, 

oy ~~uLass lum was r r s p o n s i b l e  f o r  t h o  ch lo ros i s .  Each s o l u t i o n  was 

~ a i i l t c d  ull a l l  leaves of a s i n g l e  shoot b u t  no recovery was noted on 

subsequent observat ions.  

P a r t  3 Dormant Spray on Apple 

Whj.1~ t h e  apples ,  which had been sprayed.  i n  t he  dormant condi- 

t i o n ,  were being he ld  - i n  t h e  unheated s to rage  bu i ld ing ,  it was ob- 

- served  t h a t  c e r t a i n  of t h e  s p r a y  m a t e r i a l s  were s u f f i c i e n t l y  hygro- 

scopic  t o  accumulate water  which ran  down the  stems, Calcium c h l o r i d e ,  



phosphoric a c i d ,  NuGreen, and t o  a c e r t a i n  e x t a n t  20-20-20 showed t h i s  

;woper ty  v d ~ i l e  potassium n i t r a t e  a ; ~ p a r c n t l y  was no t  hygroscopic.  

The e f f t r t s  of t h e  m a t e r i a l s  dur lng  the  growing se?son arc descr ibed  

a s  f o l l ~ w s :  

Calcium ch lo r ide  had no i n h i b i t i n g  a f f e c t  a t  concen t r a t ions  up t o  

8 percent .  However t h e  te~-ln:inal buds of .the t r e e s  sprayzd wi th  t h e  16- 

and 32-percent so l i l t ions  d i d  not  d ~ v e l o p .  

FJuGr~en had no e f f ~ c t  .wh&n appl ied  a t  a concent ra t ion  of 8 percent  

o r  l e s s .  S~rne buds wer; k i l l e d  by t h e  16-percent concent ra t ion  and 

mst buds by the  32-percent concentrat ion.  No c h l o r o s i s  was noted, 

fol lowing a p p l i c a t i o n  of any concen t r a t ion  of NuGreen t o  t h e  app le  

t r e e s .  

Some l a t e r a l  buds were destroyed by t h e  8-percent s o l u t i o n  of 

phosphoric ac id  bu t  nonc' wcre i n j u r e d  by the  2- o r  4-percent s o l u t i o n s ,  

A t  f irst only onp bud developed on one t r e e  and two on t h e  o t h e r  spray- 

ed w i t h  16-percent phosphoric: ac id .  La ta r  two and f o u r  shoots  respac-  

t i-vely were ;?rnducsd. by t h e  t r c c s .  These shoots  and those  produced by 

t h e  t r ~ e s  sprayed wi th  32-percent s o l u t i o n ,  which had appeared t o  be 

drad, were of advt?~ll; t tf  011s o r i g i n .  

No e f f c e t  on L11e dcve1o:rment of t h e  shoots  was noted fol lowing 

t h e  use of notassium n s t r a t e  a t  any concent ra t ion .  

Sprays of 20-20-20 f e r t i l i z e r  of a concent ra t ion  of 8 pe rcen t  o r  

l e s s  had no e f f e c t  on t h e  growth of t he  a p ~ l e  t r e e s .  A t  16 pe rcen t  

some of t h e  l a t e r a l  buds f a i l e d  t o  d e v e l ~ p  and most of the! growth was 

confined t o  terrn'nal r e g i a n s  of the  shoots .  Most of t h e  l a t e r a l  branch- 



cs of one ;,lant were k i l l e d  by t h e  32-percent s o l u t i o n  whi le  most of 

t he  buds were k i l l e d  on the  o t h e r  p l a n t  b u t  in  a more s c ~ t t e r e d  manner. 

P a r t  b Green Tip Spray on Apple 

The e f f e c t s  of t he  materi-als dur ing  the  growing se<5son a r e  de- 

s c r ibed  a s  fo l lows:  

Cqlcium c h l o r i d e  a t  8 pe rcen t  k i l l e d  some of t h r  buds b u t  no 

' e f f e c t  was noted a t  t he  lowt r  concent ra t ions .  3nl.y a  comparatively 

f tw  buds ,developed on t r e e s  sprayed wi th  t h e  16-percent so lu t ion .  

The t r c e s  sprayed wi th  t h e  32-percent ca l c iun  c h l o r i d e  a t  f i r s t  ap- 

p e a r ~ d  t o  be dead b u t  l a t e r  s a v c r a l  buds on each t r e e  developed, 

NuGreen and 20-20-20 sprays  were without  e f f e c t ,  

Phosr,horic a c i d  s o l u t i o n s  of 8 percent  o r  l e s s  concen t r a t ion  had 

no e f f e c t  on t h e  growth of t he  p l an t s .  About 50 pe rcen t  of t h e  buds 

were k i l l 9 d  by t h e  1 6 - ~ e r c e n t  so lu t ion ;  a l l  were l a t m r a l  buds. Both 

t r c e s  sprayed w i t h  32-percent phosphoric a c i d  a t  f i r s t  appeared t o  be 

dead b u t  l a t e r  t h r e e  adven t i t i ous  buds produced shoots .  

f'otassiurn n i t r a t e  spra.ys had no e f f e c t  on the development of t h e  

p l a n t s  a t  any concentrat ion.  



3 n t r v  of Mineral  Nu t r i en t s  A m l i e d  t o  Bark of Limbs 

a.nd Branches dur ing  the Dormant Season 

O b j t :  To deterrni.nc a h e t h e r  potassium from ~4~ potassium carbonate  

e n t e r s  t h e  p l a n t  when appl ied  t o  t h e  bark of limbs and branches .of  an 

apple t r s e  durj.ng t h e  l a t e  win ter .  

h l a t e r i a l s  and Methods: A 0.3 percent  s o l u t i o n  of K ~ *  potassium carbon- 

a t e  t o  rrh'ch had been added Tr i ton  3-1956 a t  a concent ra t ion  of 0.1 

pe rcen t  was used. The a c t i v i t y  of t h e  K~~ was approni,nately 2 micro- 

c u r i e s  n e r  m i l l i l i t e r  a t  the! .I;j.me of' t r ea tmen t  on February 6, 1951. 

Pot ted  2-year-old IvIcIntosh apple t r e e s  growing i n  t he  greenhouse 

and mature dormant. Phodo I s ' l a ~ ~ d  Greening apple t r e e s  i n  t h e  orchard 

were t r e a t e d  wi th  t h i s  so lu t ion .  The a p p l i c a t i o n  was made a t  s e l e c t e d  

p o s i t i o n s  on %he t r ~ a s  by wra.pping co t ton  gauze around t h e  limb and 

.than s a t u r a t i n g  t h e  gauze. A 4-inch band of gauze was wrapped around 

a l a t e r a l  limb of one of t he  yaung McIntosh t r e e s  and around the  t r u n k  

of t h e  o t h e r  6 inches  above t h e  soil !.in@. After* 28 hours ,  samples 

were taken  from t h e  t r e e s .  

On t h e  dormant Rhode Inland Gracn-i~lg t r e e s  i n  tho  orchard, t h e  

I s o l u t i o n  was pa in ted  d i r rc t1 ,y  on 1- and 2-year bark a s  w e l l  as onto a 

I 6-inch c o t t o n  gauze band whi-ch had been wrapped a.round a  10-year-old 

I limb. A s  a  precaut ion ,  a dam of cheese c l o t h  was placed a t  t h e  bass 

of t h e  2-year-old shoot  growth t o  prevent  any contamination by t h e  

s o l u t i o n  beyond t h i s  no-i-nt. 



Sampling of t h e  dormant wood i n  t h e  f i e l d  was done a f t e r  2L and 

48 hours ,  a t  each ha rves t  one l imb was sawed of f  and s e c t i o n s  removed 

both a t  6 and 18 inches  above and below t h e  gauze. S e c t i o n s  were re -  

~ o v e d  6 and 18 inches  b a s i p e t a l  t o  t h e  t r e a t e d  2-year-old s h o a t s  a t  

24 hours  and aga in  48 hours a f t e r  t rea tment ,  

The samples a t  t h e  various '  d i s t a n c e s  were div ided  i n t o  bark (phloem 

a.nd p e r i d e m )  and wood (xylem) a s  n e a r l y  as was poss ib l e .  These were 

placed i n  c r u c i b l e s  and ashed i n  t h e  muffle  furnace  a t  600°c, 

.The sample was coimted d i r e c t l y  i n  t he  c r u c i b l e  with a  T race r l ab  

Autoscaler.  

Resul t s :  The amount of r a d i o a c t i v i t y  found i n  t he  un t r ea t ed  po r t ions  

of t h e  young t r e e s  i n  t h e  greenhouse w a z  srr~all bu t  i n  gene ra l  it was 

g r e a t e r  than  twice  t h e  r ad ionc t fve  count of background. However, 

samples taken 6 inches  below t h e  t rea , ted  a rea  on t h e  l a t e r a l  l imb and 

a l s o  r o o t  samples from t h i s  same t r e e  d i d  not con ta in  t h i s  anount of 

rad5osc t ive  m a t e r i a l ,  A l l  samples from t h e  t r e e ,  where t h e  s o l u t i o n  

was appl ied  6 inches above t h e  s o i l  l i n e ,  were ahove twice background 

i n  r a d i o a c t i v e  count.  Grea t e r  r ad ioac t i -v i ty  was found i n  t h e  bark  

samnles t han  i n  t h e  wood samples, except  i n  t h e  r o o t s  where the  wood 

contained more r ad i -oac t iv i ty  than t h e  bark, 

The amnunt of r a d i o a c t i v i t y  found i n  t h e  t r e e  i n  t he  orchard was 

smal l  a s  it was not  l a r g e  enough i n  most samples t o  produce a  radio-  

a c t i v e  col~nt. twice t l i a t  of.' background, i n  gene ra l  g r e a t e r  r a d i o a c t i v i t y  

was found ' n ' t h e  bark t i s s u e  than  i n  t h e  wood por t ions .  The only  

. '  counts  recorded i n  t h e  10-year-old limbs, which were twice  t h a t  of 



backgroculd a , f t e r  24 hours,  were samples of t h e  bark and wood i n  t h e  

t r e a t e d  a rea .  The sarnole of bark 6 inches  above t h e  t r e a t e d  a rea  a s  

w e l l  a s  t h e  bark and wood i n  t h e  t r e a t s d  a r e a  of t h e  h 8 - h ~ r  treatment 

of t h e  10-year-old limb showed r a d i o a c t i v e  coun~l;s over twice t h a t  of 

background. The arn~unt  of r a d - i o a c t i v i t y  found i n  t h e  3-year-old por- 

t i o n  of t,he l imbs 6 and 18 i .ncl~es b e l ~ w  t h e  t r e a t e d  2-year-old l imbs 

was not l a r g e  enough t o  produce a r ad ioac t ive  count  of t w i r s  back- 

ground. While t h e  r ad ioac t ive  count l e v e l s  were t o o  low t o  be con- 

s i d e r e d  positive, a  d e f i n i t e  t r end  towards a  h igher  count va lue  was 

not iced  f o r  t h e  bark sample than  f o r  t h e  corresponding wood sample. 

Experiment V 

0bgec.t: To determime the  va lue  of a  l ime sli.1rry a s  a  means of in -  

creasi.ng e n t r y  of K~~ po toss i~bn ce rbsna te  thrnugh t h e  bark of apple  

and peach t r e e s .  

Ma te r i a l s  and Methods: A s tock  s o l u t i o n  of Kb2 potavsium carbonate  was 

mede up by adding 11 grams of 'KL2 potassium carbonate  t o  3 l i t e r s  of 

water .  The s tock  s o l u t i o n  was d iv ided  i n t o  two po r t ions :  a g r i c u l t u r a l  

l i n e  was added t o  one a o r t i o n  t o  make a  s l u r r y  and Dre f t  was added t o  

t h e  other.  po r t i on  t o  improve t h e  we t t i ng  p r o p e r t i e s  of t h e  so lu t ion .  

These so lu t iono  were ap,pliec! t o  t h e  limbs with a  p a i n t  brush. 

S i x  unj-form 8- . t o  10-year-old limbs of South Hatren pea.ch and four  

s i m i l a r  limbs of Rhode I s l and  Greening app le  t r e e  were used, h a l f  t h e  

number being used w i t h  each m a t e r i a l  appl ied.  

The. t r ea tmen t s  wer5e made t o  t h e  l imbs a.t 4 P.M. on A p r i l  3, 195'1,. ' 

. . 
The limbs were c u t  from t h e  t r e e s  a f t e r  23 hours  hnd t h i n  l o n g i t u d i n a l  



s e c t i o n s  were sawed throuuh a r e a  which had both t r e a t e d  and un t r ea t ed  

bark. Af t e r  t h e s e  s e c t i o n s  were d r i e d ,  au toradj .o~rams were made from 

them. Trimmings from t h e  p ieces  of t h ~  limbs from which t h e  t h f n  

l o n g i t u d i n a l  s e r t i m s  were c u t  were ashed and t h e  rad i .oac t ive  count  

vras measured. 

Resul t s :  No ~4~ potassium was round e i t h e r  i n  t h e  po r t ions  of t h e  wood 

whtch were ashed and counted o r  which were used f o r  auLoradiogramsW 

A c l e a r  l i n e  of r a d i o a c t i v e  m a t e r i a l  was shown by t h e  autoradiograms 

t o  be p re sen t  on t h e  epidermis but  nane was evidmnt i n  t h e  a r ea  of t h e  

phloem. However, t hese  r e s u l t s  may be ques t ionab le  hecause t h e  

r a d i 0 a c t i v i . t ~  of t h e  sam:pls may have dropped below a d e t e c t a b l e  l e v e l  

due t o  t h e  s h o r t  h a l f  I . i f e  of K~~~ 

Experiment V I  

Object: To determine t h e  r e l a t i o n  between concen t r a t ion  of phosphoric 

ac id  s o l u t i o n  and t h e  r a t e  of e n t r y  i n t o  l-year-old peach shoo t s  i n  

IrIaterials and ltlethods: Three co.ncentrat ions of phocghoric ac id ,  3 ,  20 

and 80 mil l igrams p e r  m i l l i l i t e r  w i t h  t he  s a m e * r e l a t i v e  s p e c i f i c  ac- 

t i v i t y  of 0 .21 microcur ies  per  milligra'm of phosphorus were appl ied  t o  

l-year-old Ha.lehaven neach limbs nn ,l?r?cc3mbcr 16, 1952. 'I'hn amounts of 

3 2 P .per  m i l l i l i t e r  of s ? l u t i o n  were 2.0, 13.3, and 53.5 microcur ies  

p e r  m i l l i l i t e r ,  r e spec t ive ly .  

I Vertical l im'bs about 2 f e e t  long were s e l e c t e d  f o r  t h i s  t reatment .  

, I n  o rde r  t h a t  t rans loc ; ! t ion  .within the  l imb could be s tud ied  wi thout  



!gv 
TABLE V I  

THE JNI7I IE?JCf;: 3F C ONCEl:TW.TION lJP3W ITNTRY OF P~~ PHOSPil.3R.IC ACID 

INTO 1-YEAR-OLD PEACH LI1.4.IIHS !II!RTMG DE:CFMBER AS SFI!?NN BY RADIO- 

ACTI\,TITY %"3nN.U I:K '1'HE: TRK4TED AM!! UNTRXATED PORTIONS OF THE .I,Ih!BS 

Sample 8 I-Iours 14 Days 
Dry W t ,  Rad ioac t iv i ty  Dry W t .  l i ad ioac t iv i ty  

per  1 gram p e r  1 gram 
Dry Xt. Dry l N t .  

(Gms. ) (~oun t /min .  ) (Gms. ) (countlrnin. ) 

0.38 A Autoradiogram 
Shavings 1.b425 20.4 I.. 1025 3.8 
Treated Por t ion  4.J~623 14,094.0 9 .?589 2,172.9 

0.3% B Autoradiogram 
Shavings 1.0362 20.8 1.1686 16.3 
Treated Por t ion  3.7726 20,652.~ 4.6201 7,019.7 

2.0% A Autoradiogram .: 

Shavings ' 1,0006 5.9 1.0472 4.7 
Treated Por t ion  3.1939 925.8 3 07779 82 -9 

2.0% B Autoradlogram 
Shavings 1.1691 7.0' 1.0141 8.4 
Trea ted  po r t ion  3.9278 649.2 3.3627 268.9 

8.0% A Autoradj.ogram 
Shavings 1.h602 9.2 0.8532 130.9 
Treated Por t ion  5 .I4730 35,574.0 5.bL138 1k,26083 

8.0% B Autoradi.ogram 
Shavings 1 .'o661 58.4i; 1.0167 33.2 
Trea ted  j. on 11,3784 39,282.0 5.1456 ij,2~3.0 

Check A Untreated Limbs 1.b123 3.5 
Check 'R Untreated Limbs 1.1865 9.6 

1/100 m l .  of t h e  3 mg/ml t ,reat . ing s o l u t i o n  723.0 
1/100 m l .  of t h e  20 mg/ml t r e a t i n g  s o l u t i o n  4,900.0 
1/100 rnl.  of t h e  80 mg/rnl t r e a t i n g  s o l u t i o n  17,652.0 



i n t e r f e r i n g  contam!.nation, only t h e  b a s a l  10  inches  of the  l imbs were 

pa in t ed  wi th  t h e  P~~ - so lu t ions .  

Four l imbs were used f o r  each concentra . t ion,  two be ing  c u t  a f t e r  

8 hours and t h e  o t h e r  two a f t e r  1h. days, The weiither during t h e  8- 

hour per iod  was c l e a r  w i t h  a low temperz.ture of 42'~. Rain d i d  no t  

f a l l  dur ing  t h e  14 day period u n t i l  tire evening of t h e  f o u r t h  day ' 

a f t e r  which some prec j .> i ta t ion  f e l l  f o r  t h e  f o l l o l ~ i n g  6 days. This  

was followed by c l e a r  weather u n t i l  t h e  linibs were cu t .  

After removing t h e  s h o o t s  from t h e  t r e e ,  a l / l6- inch s e c t i o n  was 

removed from t h e  t e r m i n a l  9 inches t o  make autoradiograms. The p i eces  

t h a t  were trimmed o f f  t h e  shoots  were d r i e d ,  ashed, and counted, and 

were des ipns tod  "auloradi  ogram shavings". 

Resul t s :  Radioact ive count i n  t r e a t e d  and unt roa ted  p o r t i o n s  of peach 

shoo t s  shown i n  Table V I  i nd i ca t ed  t h a t  very l i t t l e  e n t r y  occurs  i n  

t h e  l a t e  f a l l  o r  e a r l y  w-i.nter r e g a r d l e s s  of concent ra t ion  of ac id .  A 

and B i n  Table V I  r e f e r  t o  r e p l i c a t e  l imbs f o r  each concentrat. ion. 

The autographs made of the  8-.hour ttr-eatment showed no evidence of 

exposure t o  rad-i oac t ive  m a t e r i a l  except  f o r  t h e  base of t h e  8-hour B 

t reatment .  Howev~r, a f a i n t  image was made on a l l  t h e  f i l m s  exposed 

t o  t h e  14-day t rea tment  wi th  tlk s t r o n g e s t  image bei.ng found wi th  t h e  

9 pe rcen t  t rea tments .  

Experiment V I I  

Object: To determine t h e  accumulation of PJ2 a t  6-, 24-, and 48-hour 

i n t e r v a l s  followi.np a bark a p p l i c a t i o n  of P j 2  phosphoric ac id  t o  Hale- 

haven peach t r e e s .  



Mate r i a l s  and.Methods: Nine h o r i z o n t a l  l imbs, from which v e r t i c a l  

branches a rose ,  were s e l e c t e d  on n ine  4-year-old Halehaven peach t r e e s .  

A 0.3 percent  s o l u t i o n  of P~~ phos3horic ac id ,  wj th  Dre f t  a s  a  we t t i ng  

agent ,  was appl ied  t o  t h e  h o r i z o n t a l  branches only.  The s o l u t l o n  

f r o z e  t o  t h e  l imbs a s  it was appl ied  w i t h  a  p a i n t  brush  a t  10 A.M. on 

Barch 21, 1951. 

The v e r t i c a l  l imbs were c u t  a t  6, 24, and Li8 hours  a f t e r  t r ea tmen t  

and examined t o  determine whether any r a d i o a c t i v e  phosphorus had been 

t r ans loca t ed  i n t o  them from t h e  a p p l i c a t i o n  t o  the  h o r i z o n t a l  limbs, 

The v e r t i c a l  brznches were se?ara ted  <.nto un t r ea t ed  buds, xylem, and 

wood, and t h e  h o r i z o n t a l  limbs i n t o  t r e a t e d  buds, xylem, and wood. 

I n t a c t  stem s e c t i o n s  waro de~igns.Led "woad1' wh i l e  a l t e r n a t e  s e c t i o n s  

which were scraped t o  remove t h e  phloem t i s s u e s  were des igna ted  

I1 xylem I t  . 
Besul t s :  The r e s u l t s  a r e  given i n  Table V I I .  To (ca lcu la te  the  f i g u r e  

f o r  t h e  t o t a l  s o l u t i o n  appl ied ,  t h e  rad ioa .c t ive  count from each hor i -  

z o n t a l  l imb and a t t ached  v e r t i c a l  branch were t o t a l e d  arid Were con- 

v e r t e d  t o  m i l l i l i t e r s  of s o l u t i o n .  To f i n d  t h e  r a d i o a c t i v i t y  of t h e  

d iscarded  phloem, it was assumed t h a t  t h i s  t i s s u e  had t h e  same a c t i v i t y  

a s  t h e  corresponding wood sec t inns  minuo t h e  d.ctivit;y of t h e  xylem 

sec t ions .  The percent  of m a t e r i a l  t r a n s l o c a t e d  was determined by 

dividi.ng t h e  t o t a l  a c t i v i t y  found i n  t he  p l a n t  i n t o  t h e  a.ctj.vi.tg found 

in t he .  un t r ea t ed  ljmb, 

Table V I I  shows t h a t  s i x  hours  a f t e r  a p p l i c a t i o n  of ~ 3 2  phosphoric 

a c i d  t o  h o r i z o n t a l  l imbs,  r a d i o a c t i v i - t y  of 169.5 t o  222 counts  p e r  



TABLE VII 

MIGRATION OF' l??r?,D10i':i9SFH:3HUS APPLIED TC DORMANT HORIZONTLL BRAN3HES I-NTO 

ATTACI-IET? 'JERTICAL LJXES OF THE PEACH AT 6, 24, AND 46 HOURS AFT3R APPLICATION 

Time of .Harvest 
' 6 Hours 21r Hours 48 Hours 

Tree 1 Tree 2 ~ r e e  3 Tree 1 Tree 2 Tree 3 Tree 1 Tree 2 Tree 3 

Tin. of 
Radio- 
phosphorus 1.50 .1.78 1.01 3.63 1.10 - 0.60, 
Solution 

1.76 2.05 1.63 . 

. ' Applied 

Kadio- 
a c t i v i t y  
0 fSo lu t i on  139987.3 16,53hm2 9,385.7 29,613.2 8,996.8 4,887.1. a,791.5 17,311.3 13,659.8 
Applied 

Radio- 
x t i v i t y  
Trans- 187.1 '- 222.0 169,s 138.9 25'4.5 77.7 117.1 146.9 ,155.t 
located 

Percent of 
Radio- 
~ c t i v i t y  1.34 1. ,111 1.81 0.b7 2.83 1.59 0.79 0.85 1.21 
Trans- 
located 



minute was de tec t ed  i n  t h e  12- t o  24-inch v e r t i c a l  branches which a rose  

from t h e  t r e a t e d  h o r i z o n t a l  l imbs. Cnly one limb of t h e  t h r e e  c u t  24 

hours a f t e r  t rea tment  and no limbs c u t  48 hours  a f t e r  t roa tment  showed 

a rad:ioactive count h ighe r  t han  t h e  mini-mum count  found 6 hoiirs a f t e r  

t rea tment .  Poss ib ly  i.n,jiiry in t h e  t r e a t e d  a rea ,  which permit ted 

g r e a t e r  e n t r y ,  had occurred i n  t h e  one limb c u t  2b h w r s  a f t e r  t i - ea t -  

aelst which showed a >adioacti.ve count of 254.5 counts  pe r  minute.  

A p o s s i b l e  explana t ion  f o r  the  lower r a d i o a c t i v e  counts  found in 

. t h e  untrea.ted v e r t i c a l  l imbs a t  24 and 48 hours  a f t e r  t rea tment  than  

were found 6 hours r f t e r  t rea tment ,  may be t h a t  equi l ibr ium had not  

been reached 6 hours a f t e r  t rea tment  between t h e  count of phosphorus * 

~ ~ h l . c h  was enteri .ny t h e  vert i . .cal  l imb .from t h c  t r e a l e d  h o r i z o g t a l  l imb 

and t h 5  amount whirh was  being t r z n s l o c z t e d  t o  o t h e r  p a r t s  of t h e  

p l a n t s  , 

Experiment VIII - 
Object: .To detenl-lne t h e  a c c u ~ u l a t i o n  of !:hosphorus wi th in  8- t o  10- 

year-old peach limbs a . f t e r  6, 16, 24, L4, and 72 hours  followi.ng ap- 

p l i c a t i u n  of ~3~ phosphoric a c i d  t o  c o t t o n  ,zauze wrapped around thk 
l imbs i n  e a r l y  spr ing .  

J i a t e r i a l s  and Izethods: A s o l u t i o n  of. phos!:ho.ric: a c i d  contai.r~ed u.04 

r~ l ic rocur ies  c e r  mil l igram of phosphorus was app l i ed  A p r i l  1 9  t o  l imbs 

of South Haven peach t r e e s  1 1/2 t o  2 inches i n  diameter.  A continu- 

~ u s  supply  of phos~hor i l s  w m  provided on the  s u r f a c e  of the l imbs by 

using s e v e r a l  th icknesses  of c o t t o n  gauze, which.were wrapped around 

t h e  limbs i n  a band 4, t o  5 inches wide. The gauze was he ld  jn  p l ace  

by waterproof t a p e  whj.ch a l s o  prevented movement of t h e  s o'iution beyond 

t h e  gauze. 



Longitudinal  s e c t i o n s  1/16- t o  1/8-inch t h i c k  were c u t  from two 

. l imbs a t  ez.ch of t he  fol lowing time i n t e r v a l s  of 6, 16, 24, 44, and 

72 hours,  using an e l e c t r i c  t a b l e  saw. These s e c t i o n s  were p laced  on 

b o t a n i c a l  dry ing  paper  and d r i e d  between h o t  s t e e l  ~ l a , ~ e s .  The o u t e r  

bark was removed on a l l  b u t  one o f , t h e  s e c t i o n s  a t  each ha rves t  s o  

t h a t  an j nd i ca t ion  of t h e  amount o f  which had been appl ied  t o  t h e  

bark and a l s o  t h e  amount of ~3~ which had .entered t h e  limbs could be 

seen i n  t h e  aut0rad.i o g r m s  made from t h e  limbs, 

The so1,ution wi th  the  except ion of t h e  6-hour samples, which were 

t r e a t e d  a t  9  A.M. of Apr i l  20th,  was app l i ed  a t  k:30 P.M. on A p r i l  19th.  

The weather a t  t h e  t ime of t r ea tmen t  showed broken c louds  and a  tem- 

p e r a t , ~ l r ~  of , ~ S O F .  Limbs f u r  Lhe 16-hour samples were c u t  a t  8 : 3 0  A.M. 

on Apr i l  20th. The 24-hour samples were cut  a t  4:30 P.M. on A p r i l  20th. 

During t h e  day, t h e  weather was c l e z r  and t h e  tempera ture  was 6 0 O ~ .  Two 

limbs were c u t  a t  44 hours o r  a t  12:30 P.M. on Apr i l  21s t .  F i n a l  

samples were sec t ioned  a t  5:00 F.M. on A p r i l  22nd a f t e r  a  n igh t  of 

hezvy r a in .  

Resul t s :  A c t i v i t y  i n  t he  phloem a rea  was 'seen i n  t h e  autoradiograms, 

with t h e  heav ie s t  l i n e  a t  6 and 16 hours. The d e n s i t y  of t h e  l i n e  de- 

creased wi th  t ime s o  that.  at.  72.5 hours 110 a c L l v i t y  was v i s i b l e  i n  t he  

phloem t i s s u e .  From t h i s  in format ion ,  i t  would seem t h a t  a f t e r  t h e  

i n i t i a l  en t ry ,  the  phosphorus i s  moved t o  o the r  p a r t s  of t h e  plant.  

Experiment I X  

Object:  To determine whether P~~ phosphoric a c i d  from a  bark appl ica-  

t i o n  would e n t e r  dormant 3 ' ~ ~ e a r - o l d  apple l imbs i n  February; 



Mate r i a l s  and Methods: F i f t e e n  v e r t i c a l  l imbs of a Winesap apple  t r e e ,  

whi.ch were 3 yea r s  crld. and 8 f e e t  t a l l ,  were used i n  t h i s  experiment,  

which was s t a r t e d  February 24, 1953, They were c u t '  f r o n  t h e  t r e e ,  

3.11 t h e  s i d e  limbs removed, and 5 l a y e r s  of gauze 3 inches wide wra.pped 

around t h e  limb 18 inches  from t h e  base. The limbs were ,  l a i d  hor i -  

z o n t a l l y  over saw horses  and 5 m i l l i l i t e r s  of a s o l u t i o n ,  which curl- 

t a i  ned 0.10 microcur ie  per  mil l igram of phosnhorus, were r~ i -pe t ted  onto 

t h e  pauze. A p i ece  ~f p l a s t i c  was f a s t ened  over  t h e  gauze with masking 

t ape  t o  prevent  drying.  A f t r r  a l l  t h e  l i n b s  had been t r e a t e d ,  t h e  base  

of each was s lashed and placed i n  a bucket of water.  The t rea tments  

were he ld  i-nside an unheated s to rage  bu i ld ing  on t h e  c o l l e g e  farm 

where no f r e ~ z i n g  occurred u n t i l  t h e  Llme t h a t  t h e  96-hour samples 

were taken. 

A t  t ime i n t e r v a l s  of 12, 24, 48, 96, and 192 hours,  t h r e e  ltmbs 

weye removed from t h e  bucket  and samples @-inch long were removed a t  

3 ,  6, and 12 inches below and 3 and 12 inches  above the  t r e a t e d  area. 

Because of t h e  smal le r  di.ameter of t h e  wood, a 1-inch s e c t i o n  was used 

a t  48 inches above t h e  t r e a t e d  a rea ,  

Resul t s :  Rather  high va lues  of r a d i o ~ ~ c t i v e  c o ~ l n t  were found i n  t h e  

samples immediately above and belnw tho  t r c z t c d  ar+a, l~wwever t h e  

v a r i a b i l i t y  between samples was g r e a t  w i t h i n  t h e  limb r e p l i c a t i o n s ,  

For t h e  12-hour samples, t h i s  s ta tement  i s  not  t r u e  a s  no t rea tment  

gave a r a d i o a c t i v e  count exceeding twice  background. 

The most i n t e r e s t i n g  f a c t  ? s  t h a t  t he  averzge mj.nim~m count  

va lues ,  althoufirh low, showed an i n c r ~ a ~ i n g  value a t  each success ive  
1; 



hamrest. However t h e  .on ly  time a t  which t h e  mintmum amount of radio-  

a c t i v i t y ,  u s u a l l y  t h e  sample 48 inches  above t h e  t r e a t e d  a r e a ,  exceeded 

twice  t h e  ridi-oact3.ve c'ount of backgrounci was a t  192 h3urs a f t e r  t r e a t -  

ment, 

In t ake  and movement of a  l a r g e  amount of phosphorus over  14 inches  

I.n a  b a s a l  d i r e c t i o n  can be  discounted i n  t.hi.s nxperimcnt. Only a 

sma l l  amount of radi.oactivj. ty was found i n  t h e  vrater i n  whi.ch t h e  

shoo t s  tarere p:laced during t h e  experiment.  

Experiment X 

Object: To determine whether pruning wounds i n  t h e  t r e a t e d  a r e a  a f f e c t  

t h e  r a t e  of e n t r y  of phosrhorus from p3* p h o s p h o r i ~ a c i d  as w e l l  a s  t o  

observe t h e  e f fec t ,  of' suorose on t he  r a t e  o f ' . en t ry  of phosphorus from 

p3' phosFhoric acid.  

h?a t e r i a l s  and Methods : Thi.s exper;-ment, whirh was s t a r t e d  A p r i l  23, 
. . 

1953, us in2  a phosphoric ac id  s o l u t i o n  conta in ing  0.06 microcur ie  p e r  

mi.lligrarn of phosphorus, f 011-owed t h e  same experimental  procedure as  

Experiment IX wi th  some modi f ica t ions .  Blank T w i g  apple  l imbs 3 to 5 

y e a r s  .>ld were used. S ince  t h e  d i s t r i b u t i o n  of phosphorus w i t h i n  t h e  

limb was t h e  main cons ide fa t ion ,  only onc per iod  u f  sampling, 48 hours ,  

was used. This  made it possible t o n  ldse an  i .ncreased n m b e r  of r e p l i -  

ca t ions .  A s i d e  shoot  o r  s p u r  was removed from t h e  area which was t o  

be t r e a t e d  of' h a l f  t h e  limbs. ' Suc rose  was added t o  p a r t  of t h e  or ig-  

i n a l  s : ~ u L . L o P ~  tO make a  5 percent  s o l u t i o n .  Each so lu t ion .was  p i p e t t e d  

onto c o t t o n  gauze wrapped around t h e  limbs on f o u r  of t h e  e i g h t  limbs. 

3ach limb was  placed up r igh t  i n  a  bucket of wa te r  imrnedi?.tely a f t e r  

t rea tment ,  s o  a s  t o  p reven t .  oontemi.natiul~ by h o r i z o n t a l  spread of t h e  

so lu t ion .  



Resul t s :  The l e v e l s  of r ad ioac t j -v i ty  i n  t h i s  experiment were much 

lower than  t h o s e  encountered i n  t he  previous  experiment,  bu t  t h e  d i s -  

t r i b u t i o n  appeared t o  fo l low t h e  same t r e n d .  The g r e a t e s t  amount of 

r a d i o a c t i v i t y  was found 3 inches  above t h e  t zee tnd  a r e s  where 6 of the 

8 limbs had an  amount of ra ,d . ioac t iv i ty  g r e ~ t a r  than  twice t h e  back- 

ground count  l e v e l .  On t h e  other  hand, a t  3 inches  below, only 2 of 

t h e  8 limbs had an amount of r a d i o a c t i v i t y  g r e a t e r  than  twice  t h a t  of 

1,nckgrmnd and i.n one of t h e  l imbs t h i s  ra .dioact i .vi ty  was due t o  sur -  

f a c e  contamination. The o t h e r  l a r g e r  amount of r a d i o a c t i v i t y  was an 

one of t h e  i n j u r e d  limbs which i n  genera l  gave evidence of g r e a t e r  

en t ry .  

Sticroso d id  n o t  stem eS.ther Lo. i nc rease  o r  decrease e n t r y  of 

phosphoric aci-d. However, t h e  va lues  recorded a r e  much too  c l o s e  t o  

ba'ckground t o  be regarded a s  conclusive.  



Spr ing  Crowins Seasan Treatments 

Experiment X I  

Object:  To determine whether movement of phosphorus from bark app l i -  

c a t i o n s  of n h o s p h ~ r i c  ac id  w i l l  take 'p l .ace  a t  t h e  time of bud swell .  

Ma te r i a l s  and Uethods: The b a s a l  f o o t ,  of e i g h t  i n t a c t  2-year-old 

Nalehclven pea.& shoat,e approximately 2 foot long, was pain ted  wi th  

phosphoric ac id  s o l u t i o n s  which contairied 0.04 microcur ie  pe r  m i l l f -  

gram of ~ h o s ~ h o r u s  on A p r i l  3, 1953. Four l imbs were pa in ted  wi th  a 

s o l u t i o n  containl.ng -phos~,horic ac id  only  and f o u r  w i th  a s o l u t i o n  con- 

t a i n i n g  phosy)horic ac id  p l u s  s percent  sucrose. 

The temperature w a s  about SOOF. during t h e  24-hour per iod allowed 

f o r  absorpt ion.  Hain f e l l  a f t e r  t h e  solut i -on had been i n  p l ace  f o r  

7 hours.  

When t h e  limbs were cu t ,  t h e  b a s a l  o r  t r e a t e d  portior: of t h e  limb 

was sepa ra t ed  from t h e  a p i c a l  o r  un t r ea t ed  po r t ion .  The two p o r t i o n s  

of each limb were ashed then counted sepa ra t e ly .  

Resul t s :  An amount of: ra r l i?ac t . iv i ty  g r e e t e r  tlizr! lwice t h e  background - -.- 
l e v e l  was found i n  t h e  un t r ea t ed  po r t ion  of on ly  two of t h e  e i g h t  

limbs. Roth these  l imbs had been t r e a t e d  wi th  t h e  s o l u t i o n  conta in ing  

nQ sucrose. A l l  t h e  r a d i o a c t i v e  cuunt  values were lovrer on t h e  t r e a t e d  

po r t ions  of t he  l imbs when sucrose  was included i n  t h e  s o l u t i o n .  

Experiment XI1 

' 32 0b;ject: . To determjne whether increased  S.nt,ake o'f phosphorus from P 

phosphoric a c i d  cccurs  when the  ba rk  of a.n apple shoot  i s  scraped , .  ' 



44 

* 
Mate r i a l s  and Method= The bark of 1-year-old water  s p r o u t s  of Red 

Astrachan apple was scraped l i g h t l y  wi th  a k n i f e ,  s o  a s  t o  roughen 

t h e  bark but  no t  remove much of it. The b a s a l  8 inches  of f o u r  of t h e  

shoots w e r e  s o  scraped,  bu t  f o u r  o t h e r s  were l e f t  untouched. Un A p r i l  

23, 1953, a l l  were pa in ted  wi th  a s o l u t i o n  of phosphoric a c i d  conta in ing  

1 0.10 mi.crocurie yer  mil l igram .of  ,phosphorus. The s o l u t i o n  d r i e d  rep id-  

l y  and.twenty-four hours  a f t e r ' a p p l i c a t i o n ,  r a i n  f e l l  f o r  4 hours ,  

For ty-e ight  hours  a f t e r  appl i . ca t ion  samples were c o l l e c t e d ,  the 

shoots  beink c u t  2 inches  aSove t h e  t r e a t e d  a.rea i n  order  t o  avoid 

p o s s i b l e  contamination. The swel l ing  buds were removed from t h e  un- 

t r e a t e d  po r t ion  and were considered a s  a s e p a r a t e  sample f o r  counting 

purposes 

Resul t s :  Only two of t h e  e i g h t  samples from t h e  un t r ea t ed  p o r t i o n  gave 

counts  twice t h a t  of hackgrnund and ' t hey  were buds from scraped limbs. 

Approximately f i v e  t imes  a s  much phosphorus remained on the  scraped 

shoots  a s  on -the unscraped, sugges t ing  t h z t  t h e  g r e a t e r  entry. i n t o  

scraped shoota mey have bee11 due i n  p a r t  t o  t h e  6:reate.r amount of 

I s o l u t i o n  r e t a i n e d  by t h e  ecraped bark. 

Object: To determine whether phosphoric ac id  w i l l  e n t e r  t h e  tomato 

p l a n t  from appl ica t i -ons  made t o  . the s i d e s  of t h e  stem. 

P a r t  1 

Ida te r i a l s  and Methods: Seeds of TiIichigan S t a t e  Forci.ng v a r i e t y  of 

tomato were planted. September 23, 1752, and t h e  seed l ings  t r ansp lan ted  

t o  3-inch ~ o t s  on October 30, an,.; t o  12-inch p o t s  on November 28, 



I n  a p r e l i n i n a r y  experiment, i n t a k e  from a cont inuous ly  moist 

source of phosphoric ac id  was compared t o  a s i n c l e  a p y l i c a t i o n  by 

brush. This  t rea tment ,  which r an  from December 4 t o  8, u t i l i z e d  a 
' 

nhosphoric a c i d  s o l u t i o n  which on November 12, 1952, had an a c t i v i t y  

2 01' 2 m~i.crocuries :;er n i . l l i l l t e r  of p3 . A 1 1/2-inch band af s o l u t i o n  

vias pa in t ed  . - onto one p l a n t ,  w h i l e  a 1-inch gauze wh3.ch was ~0n.1ied i n  

s o l u t i o n  was wrapped ar;und the  stem of another .  A p iece  of p l a s t i c  

f i l m  prevented the  gauze from dry ing  during t h e  cxper inent .  
- .  

The two p l a n t s  were c u t  i n t o  s e c t i o n s  c o n s i s t j n g  of a  p i ece  of 

t h e  stem and an a t t ached  l e a f .  ~ h e s e  s e c t i m s  were d r i e d  and t h e  d r y  

wei.ght detprmined f o r  each. Each s e c t i o n  was ground t o  a f i n e  powder 

w i th  a  mor ta r  and p e s t l e  before  t h e  radionctiv-5:Ly in each s e c t i o n  was 

determined on December 17. 

Besults: The e n t r y  of radiophosphorus as i .ndicated by counts  p e r  

minute from p3* i n  d i f f e r e n t  p a r t s  of t h e  p l a n t s  i s  given i n  Table 

V I I I .  The g r e a t e s t  cancentret. ion of phosphorus appeared t o  be i n  t h e  

y o ~ i n ~ p s t  l ea f  t i s s u e ,  a s  r n i ~ h t  be expected from previ.011~ e.xpcri~nents 

ivith t r e e  f r u i t s .  The amount t h a t  ' en te red  t h e  p l a n t  was mGch g r e a t e r  

from t h e  gauze t rea tment  than  from t h e  s i n g l e  brush app l i ca t ion .  HOW- 

ever ,  t h e  percent  of t h e  t o t a l  phosphorus t h a t  was  t r a n s l o c a l e d  was 

l e s s  f r o n  t h e  gauze t r e a t n e n t  t han  from t h e  s i n g l e  brush app l i ca t ion ,  

Cnly 24.1 percent  was t r ans loca t ed  dur ing  t h e  4 day per3od when appl ied  

, i n  y:auze a s  comared  t o  31.4 percent  t r a n s l o c a t e d  from a s i n g l e  brush 

app2ica.tion. 



TABLE V I I I  

DISTRIBUTION 07 RAPIOTFI.3SPHORlJS T N  TOMATO PWJTS FOLLObUNG 

TI# APPLICA.TION OF FIIOSPHORIC ACIP SOLUTION TD TKE STEN BY 

BRlJSH AND I N  COTTON GAUZE AS INDICATED BY COlTNT,i; YER lvIINUTE 

Brush Application Gauze Anplication -. - 
Locatinn of Dry Ft, Radioactivity Dry Wt. Radioactivity 
Plant  Par t  (Gms  . ) 1 Gm. Dry W t .  ( ~ms . )  1 Gm. Dry W t .  

(colmts/rnin. ) . (~ounts/min. ) 

Tip ,1549 739.2' .l665 9,493.7 

Leaf 5 above .2257 361.1 .2552 4,367.9 

Leaf 4 above -2870 304 . 7~ . 3 900 2,637.7 

Leaf 3 above .3071 135.5 a 5030 1,031.2 

Leaf' 2 above -3321 150.9 .5333 993.2 

Leaf 1 above .3859 132.9. -4185 933.6 

Treated Stem .lo19 11,185.5 -2228 83,337.9 

Treated Gauze .3609 45,269.3 

Leaf 1 below .3658 117.6 .2755 689.7 

Iioots .3450 100.9 A303 lY479.7 

The number of radioact ive  counts per  minute. measured i n  1/200 

of a m i l l i l i t e r  of the t rea t ing  so1ution.wa.s 246.8. 



P a r t  2 

Ma te r i a l s  and Nethods: Af to r  December 20, on ly  d i s t i l l e d  water  was 

suppl ied  t o  t h e  tomato p l a n t s  s o  t h a t  f lower ing  would be induced. On 

January lk, 1953, f l owers  of s i x  p l a n t s  were s u f f i c i e n t l y  developed t o  

s e t  f r u i t  a , r t i f i c i a l l y  when t h e  f lowers  were dipped i n t o  a s o l u t i o n  of 

SO ppm o f .  a lpha  (p-chlur.ophenoxy)-~ropionic ac id .  On January 18, two 

p l a n t s  were moved i n t o  each of t h r e e  greenhouse rooms, which were he ld  

a t  so0, 6s0, and 8 0 9 .  cons t an t  temperatures.  

One day was allowed f o r  t h e  p l a n t s  t o  become acclimated t o  t h e  

new environment, before  t h e  p l a n t s  were t r e a t e d  by t h e  gauze method 

w i t h  a phosphoric a c i d  s o l u t i o n  which contained 0.21 microcur ie  pe r  

mil l igram of phosphorus. A 6-inch p i ece  of gauze, 1-inch wide, was 

4 
wrapped around t h e  stem of each p l a n t  17  inches  below t h e  developing 

f r u i t .  F i f t e e n  drops, which was approximately 3/4 of a m i l l i l i t e r ,  

of t he  s o l u t i o n  were app l i ed  t o  each gauze. P l a s t i c  f i l m  covered the '  

gauze t o  prevent  dry ing  of t h e  s o l u t i o n ,  An a d d i t i o n a l  p iece  of 

co t tnn  was ?13ccd a t  t he  hasa.1 end of' t h e  p l a s t i c  t o  absorb any excess  

so lu t ion .  

En t ry  of phosphorus. i .nto t he  p l a n t  was d e t e m i n e d  by t h e  a c t i v i t y  

f ~ o m  =wIi.icll was found i n  t h e  developing f r u i t .  To ob ta in  a record  

of t h e  r a t e  of e n t r y  of phosphorus i n t o  t h e  f r u i t ,  a ~ i e ~ e r - ~ t l l e r  

tube  was placed next  t o  t he  f r u i t .  The r a d i a t i o n  p q l s e s  rece ived  by  

t h e  ~ i e ~ e r - ~ t l l e r  tube  were recorded by  an  E s t e r l i n e  Angus c h a r t  

r eco rde r  which was a t t ached  t o  a Trace r l ab  count r a t e  meter  according, 

t o  t h e  method desc r ibed  by Hinsvark, Tukey, and Wittwer (31) .  A . 



record of t h e  temperatures  i n  each room was obtained. 'by means of 

thermographs. 

A t  ezch temperature,  t h e  l a r g e s t  f r u i t  was 'placed next  t o  t h e ,  

11 
Cieger-M1.1ller tube  t o  obta 'n a cont5nuous record  of t h e  amount of 

r a d i o a c t i v i t y  i n  t h e  f r u i t .  Af t e r  f o u r  days,  a l l  f r u i t  were picked 

and than.  dr ied .  The d r i e d  f r . u i t s  were pulver ized  w i t h  a mortar  and 

p e s t l e ,  then  a record  of t h e  a c t u a l  counts  p e r  n i n u t e  p e r  gram of 

d r i e d  f r u i t  t i . ssue was obtained wi th  a Trace r l ab  Autoscaler.  
. . 

Resul t s :  In take  of P~~ i n t o  t h e  developing tomato f r u i t  fol lowing a 

. stem a p p l i c a t i o n  of ~ 3 *  phosphoric a c i d  i n  gauze was found t o  b e  de- 

?endant on temperature.  The r e s u l t s  expressed on t h e  b a s i s  of 1 gram . . 

of d r i e d  p l a n t  matc?rial  i n  Table I X  show t h a t  176 and 300 counts  p e r  

minute were found i n  f r u i t  grown a t  SO0, 572 and 563 counts  pe r  minute 

when grown a t  .6s0, f i n a l l y  657 and 738 counts  pe r  minute i n  f r u i t  
' 

grown a t  80°, S j tn i lz r  r e s u l t s  were found by Hinsverk and Nittwer (32) 

who were studying absorp t ion  of ~ h o s p h o r u s  from f o l i a g e  a.pplica t i o n s  

a t  t h e ~ c  38,me ttl~~]:~ei..S 1 u 1 ' e ~ e  

The s i z e  of f r a i t  was inf luenced by  the  temperature.  Large 

f r u i t s  5.9 and 4.1 grams were produced a t  t h e  h igh  temperature,  one 

large  4.1 grams and one sma l l  f r u i t  0.5 grams were produced a t  t h e  

in te rmedia te  temperatures ,  and sma l l  f r u i t  1.2 and 0.3 grams were 

produced a t  t h e  low temperature.  . . 

Experiment XIV 

Object:  To determine whether a sp ray  a p p l i c a t i o n  of minera l  n u t r i e n t s  

a r ~ p l i e d  t o  t h e  bark can sur)plyUa po r t ion  of t h e  minera l  requirements 

-of developing shoots ,  



TABLE I X  

THE KFFKCT O F  T~vIPERATIJRE ON THE MOVF3hENT OF RADIOPHOSPHORUS 

I N T O  TkfE DTVELOPIMG TOMATO F m T T  FRQI PHOSPHORIC A C I D  APPL1E.D . 

I N  COTTON GAUZE TC! Tl4$ ST%! OF THI3 PLANTS AS I N D I C A T E D  BY 

C W N T S  PER Iv!Th!UTE - - 

T e m p e r a t u r e  G r e e n  W t .  . D r y  Wt .  T o t a l  R a d i o a c t i v i t y  
R a d i o a c t i v i t y  1 Crn. Dry W t .  

(Gms .  ) (Gms.  ) ( ~ o u n t s / m i n .  ) ( ~ o u n t s / m i n .  ) 



Mate r i a l s  and Methods: Domant 1 - y ~ a r - o l d  Montmorency che r ry  t r e e s  

and 2-year-old. McIntosh apyle t r e e s  from cold s t o r a g e  were p lan ted  i n  

12-inch p o t s  f i l l e d  with qua r t z  sand on June 11, 1952. These t r e e s  

were sprayed June 14th  wi th  a 2 percent  s o l u t i o n  of phosphoric ac id  
. -  

-nrhj.ch conta ined  0.22 microcur ie  pe r  gram of phosphorus and which u t i l -  

i zed  Xethoeel  4000 c.p.3. a s  a s t i c k i n g  agent  a t  t h e  r a t e  of 1/4 pound 

per 100 ga l lons  of water. The sp ray  was app l i ed  a t  a pressure  of 100 

pounds pe r  square inch  wi th  a  Sure-Shot sprayer .  Twenty t r e e s  of each 

v a r i e t y  were s p r a y e d w i t h  t h e  s o l u t i o n  and. f o u r  non-spray~d t r e e s  

served a s  con t ro l s .  

Dormant 1 - y ~ a r - o l d  Montmorency che r ry  t r e e s  and 2-year-old 

McIntosh apple t r e e s  from cold  stora(:e were p lan ted  i n  12-inch p o t s  

f i . l l e d  wi th  qua r t z  sand on June 18th.  These t r e e s  were sprayed June 

19th  w i t h  a 2 pe rcen t  s o l u t i o n  of ca l c i~un  c h l o r i d e  which contained 0.2 

0.20 microcur ie  per gram of calcium and which u t i l i . z ed  hqethocel 4000 

c.p.s. as a s t i c k i n g  acrent a t  t h e  r a t e  of l / 4  pound per  100 g a l l o n s  

of wator ,  The SjJL'aY Was appl ied  a t  a p re s su re  of 60 pounds per  square 

inch wi th  a Sure-Shot sprayer .  S ix t een  t r e e s  of each v a r i e t y  were 

sprayed wi th  the  s o l u t i o n  and f o u r  non-s!>raycd t r e e s  served a s  con t ro l s .  

As t h e  trees were e,rown out-of-doors it was nece:;sary t o  f a s t e n  

? > l a c t i c  s h e ~ t  18 by 42 i-nches around the  t r e e  and around t h e  pot  t o  

prevent  the e n t r y  of r a i n  water ,  which m i ~ h t  c a r r y  some of t h e  s?ray 

m a t p r i a l  i.nto t h e  r o o t  medium. k p iece  of c o t t o n ,  w h i c h  was placed 

under t h e  p l a s t i c ,  absorbed any water  which seeped hetween the  p l a s t i c  

and t h e  stem. A budding rubber  held the p l a s t i c  and c o t t o n  t i g h t l y  t o  



t h e  stem. The p l a s t i c  wa.s f a s t ened  t o  t h e  po t  wi th  twine,  l eav ing  a 

covered opening t o  permit  wa.Leri.ng of' thr:  p l an t .  

The b:.sic n u t r i e n t  s o l u t i o n  was 1/2 Hoagland's (33). Half of t h e  

I t r e e >  of the phosphorus \)ark spray  t rea tment  rece ived  complete Hoag- 

l a n d ' s  s o l u t i o n  whi le  the  o the r  h a l f  received a minus phosphorus 

Hoagland's eo lu t ion .  The same p a t t e r n  was followed wi th  the  calcium 

t r ea tmen t s ,  ha l f  r ece iv ing  complete s , ~ l u t i o n '  and t h e  o t h e r  h a l f  minus 

calcium. 

On August 7 ,  1952, a l l  the  new shoot growth was removed from each 

t r e e .  After drying,  t h e s e  shoots  were ground t o  20 mesh i n  a W'iley 

m i l l .  One gram of t he  d r i e d  m a t e r i a l  from each  t r e e  was ashed f o l -  

lowing t h e  procedure descr ibed  i.n t he  A.O.I! .C. ( 1) f o r  calcium o r  

phosphorus a n a l y s i s  dependine upon which sp ray  t h e  t r e e  had received,  

Pesu l t s :  Numerical d a t a  from thTs  exrer iment  a r e  shown i n  Tables X,  

X I ,  and X I I .  

More new growth w z s  produced by t h e  t r e e s  r e r e i v i n g  t h e  complete 

n u t r ~ e n t  s o l u t i o n  than  by  t hose  r~ce i .v j .ng  t h e  d e f i c i e n t  so lu t ions .  

No v a l i d  count d a t a  were obtaj-ned from the  phosphorus sp ray  be- 

cause the phosphorus pa.ssed through too  many h a l f - l i v e s  before  

a n a l y s i s  was made, 

Root i.n<.tj.ati.on d i d  not  occur i n  many of: t h e  che r ry  t r e e s ,  pos- 

s i b l y  because of t h e  high temperatures  a t  the t ime o f  plarit ing. Very 

l i t t l e  new growth was rna,de by the  t o p s  of t h e s e  pla .nts .  The count 

d a t a  obtained were v e r y  va.r iable ,  
' 



TABLE X 

SHOOT GRCWL'H PRODU!:ED BY APIJLE AND CHER,RY' TFLZES UNDER 

OF RADIOFHOSPHORUS O R  RADIOCALCIUM 

Trea tnent  (Dry weight i n  grams)+$ 

Apples Cherr ies  

Phosphorus Spray 

f P  Nu t r i en t  ~ o l u t i o n  14.66 

No Spray 

-P Nutr ien t  So lu t ion  

+P Nutr ien t  S o l u t i o n  

Ca1ci.m Spray 
t. 

-Ca Nut r ien t  S o l u t i o n  

+Ca Nu t r i en t  So lu t ion  

No Spray 

-Ca: Nut r ien t  So lu t ion  ' 6.56 1:87 

+Ca Nutr ien t  So lu t ion  . 8.48 2.17 

, - - - 

* Mean va lues  f o r ' t h e  t r ea tmen t s  



TABLE X I  

RADTOCALCTUM CONTENT OF APPLE SHOOTS GROWIIJG OK TTWO LEVELS 

OF CIILCIUA MUTRITI3N PRODUCED FOLLC)iNIb!G A DORMANT SPUY OF 

, CALCITJhl CC!-IL,ORIDE AS INDICATED BY COUNTS PER MTNUTE 

Nutr ient '  Level 
-Ca + Ca 

Radioact iv i ty  ~ a d i o a c t i v i t ~  
1 Gram Dry f V t ,  1 Gram Dry W t .  
(~ounts/min.)  . (~oun t s /min . )  

8 473 7533:- 

To ta l  4063 2078 

580.4 296.9 . Ihean 

Differences necessary f o r  s ign i f i cance :  

5 percent  l e v e l  181.7 1 percent  l e v e l  275.1 

-- 

<-These va lues  were n o t  used i n  t h e  s t a t i s t i c a l  a n a l y s i s  



TABLE XI1 

ANALYSIS OF VARIANCE OF 2 A.D.~ OACT TIT?: COrlNTS FROM RADTOC ALCTUM 

IN AWLE SHOOTS PROINICED RY TREES c3olMIYn O M  COMPIETE AW 

MINUS CALCITJM M!JTR.TENT S~~T,TJTTCNS P O L L ~ ~ I Y I :  4 D ~ - ~ J T  SPUY 

OF C I ~ ~ I I ~ T ! !  CHLORIDE 

Source of ,Degrees of Sum of Mean 
Variati.on Freedom Squares Square F 

Total 14 419,039 

Treatment 1 281,434 201,434 25 6-:s+ 

6 ~ e p l i c a t i o n  60,631 10,105 0.919 

Error 7 76,974 10,996 

. ... .. . . ... . 



A h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  wa.s found i n  t h e  r a d i o a c t i v e  

calcium con ten t  of t h e  c u r r e n t  season shoots  of apple  t r e e s  which 

rece ived  complete n u t r i e n t  s o l u t i o n  and those  which rece ived  minus 

c a . l c i m  n u t r i e n t  solu.tj.on, more radio<:cti ve calctum being found i n  

t h e  p l a n t s  which had rece ived  the  minus calcium so lu t ion .  

Experiment XV 

Object:  To determine whether mine ra l  n u t r i e n t s  appl ied  t o  sgmi- - 
dormant sour  c h e r r y  t r e e  wosld induce a  response i n  growth. 

Ma te r i a l s  and bfethads: Two sprays,  NuGreen and 15-30-15 f e r t i l i z e r ,  

were suppl ied  by spraiying t h e  s o l u t i o n  a t  the. t r e e  and by spraying  t h e  

s o l u t i o n  a t  t h e  ground. An equal  am:?unt of n i t rogen ,  .07 pounds, was 

appl ied  t,n .eBch t r e e ,  This  amoLint, which i s  equ iva l en t  t o  1/2 pound 

of sodium n i t r a t e ,  was contained i n  1/2 g a l l o n  of spray,  .vhi.ch. t h e  

sp raye r  de l ive red  i n  2 seconds. 

The ~ u ~ r e e n  sp rzy  contained 17 pounds of M r e e n  i n  50 g a l l o n s  of 

water.  The complete f e r t i l i z e r  sp rzy  was composed of 20 pounds of 

Bonro 16-52-17 and 25 pounds  of Rapid-Gro 23-21-17 i n  50 g a l l o n s  of 

water .  hlethocel 4000 c.p.s. wes used a s  a e t i c k i n g  apent  f o r  bo th  

sp rays  a t  a  r a t e  of l /h  pound pe r  100 g a l l o n s  of water ,  

E ighty  hfontrnorency cherry t r e e s ,  5 years old,  were used. f o r  t h i s  

e x ~ e r i m e n t  whi.ch was s t a r t e d  Ap t i l  18, 1952. A t  t h a t  t,ime, t h e  cirrum- 

f e rences  of t h e  t runks  1 f o o t  above the  ground were measured and re- , 

corded. The sprays  .were appl ied  t o  t h e  t r e e s , .  which were i n  t h e  green  

t i p  s t a g e ,  on Apr i l  20th. 



' TABLE X I 1 1  

TOTAL INCREASE I N  CIRCTfi4FFKENCE I N  CENTIiviETERS OF FOUR TME 
' 

REPLICATIONS OF 5-YEAR-OLD MONTILTORENCY CHERRY TREES FOLL!)NING 

GROUND APJI) TRZE APPLICATION OF NUTRIENTS 

Rep l i ca t ion  Check N-S N-S NPK-G NPK-S 

T o t a l  52.1 53.4 57.3 57.3 57.1 - 
Average p e r  
t r e e  4. k25 4.117 11.775 b.775 21.758 
_ -  

Differences  neces sa ry  f o r  signifi-cance 5 percent  l e v e l  = .275 
1.. 

Footnote 
N-G - NdGreen sprayed on ground 
N-S - NuGreen sprayed on t r e e  

NPK-G - 15-39-15 sprayed on ground 
NPK-S - 15-30-15 . spayed  on t r e e  



Four spray  t r ea tmen t s  conta'ning f o u r  t r e e s  each were r e p l i c a t e d  

f o u r  t imes. The check t rea tment  of f o u r  r e p l i c a t i o n s  of f o u r  t r e e s  

rece ived  no f e r t i l j - z e r ,  

Rsaul t s :  The inc rezse  i n  c i r c u n f e r e n c e ~ d u r i n g  a 1-year per iod  was 

,used f o r  eva lua t ion  of t h i s  experiment. 

A s  one . r e p l i c a t i o n  each  i n  t h e  NuCreen a;?pl icat ion t u  the ground 

and complete zpray  t o  t he  t r e e  were ve ry  low a s  compared t o  t h e  o t h e r  

r e p l i c a t i o n s ,  i t  was decided t o  run t h e  of va r i ance  on t h e  

t h r e e  h ighes t  rep]- icat ions.  

A s  would be expected on t r e e s  t h a t  had n o t  been f e r t i l i z e d  pre- 

v ious ly ,  a s i q n i f i c a t n  response t o  f e r t i l i z e r  a p p l i c a t i o n ,  which i s  

shown i n  Tablc X I I I ,  wan noted. However, t h e  NuGreen ground t r e a t n e n t  

was s i g n i f i c a t n l y  lower than  t h e  check, p a r t l y  because two r e p l i -  

ca t ions  made l e s s  t h a n  average g r a ~ t h .  The important  p o i n t  i s  t h a t  

no dif ' ferences i n  response were noted from t h ~  two methods of a.p- 

p l i c a t i o n .  Response w,?s about t h e  same whether the s , > l u t i o n  was 

sprayed a t  t h e  t r e e  o r  on the  ground arnllnd t h o  t.rocc 

Exneriment XVI 

Object: To d e t e m j n e  whether g r e a t e r  n u t r i e n t  i n t a k e  from an appl i -  

c a t i o n  of phosphoric acid. t a  t,he b a r k  of twigs  a.id branches occurs  

dur-ing t h e  period of r a p i d  growth than dur ing  t h e  dormant period. 

hfa te r ia l s  and Methods: Water s p r o u t s  and 10-year-old l imbs of a -- 
s i n g l e  J e f f e r i s  apple t r e e  were used i n  t h i s  experiment. k i t h  t he  ' 
water  s p r o u t s ,  f o u r  t r e a t m e n t s  were used, wi th  two water  s p r o u t s , p e r  

t rea tment .  I n  t h e  f i ~ s t  t rea tment ,  t h e  s o l u t i o n  was pa in ted  d i r e c t l y  



on t h e  b a s a l  8 inches  of an undamaged w a t e r ' s p r o u t .  I n  t h e  second 

t r ea tmen t ,  t h e  s o l u t i o n  was pa in ted  on t h e  b a s a l  8 inches  of a  wa te r  

a f t e r  t h e  bark had been sc raped  l i ~ h t l y  w i t h  a kn i f e .  I n  t h e  t h i r d  

t r ea tmen t ,  t h e  s o l u t i o n  was a.ppli.ed t o  a 6-inch gaum wrapped around 

t h e  b a s a l  8 inches  of an undamac;ed wa te r  sprout .  I n  t h e  i o u r t h  t r e a t -  

ment, t h e  s o l u t i o n  was appll-ed t o  a  6-inch gauze which had been wrapped 

around a shiiot a f t e r  t h e  w a t e r  sp rou t  had. been scraped.  P l a s t i c  f i l m  

was used t o  cover t h e  gauze t o  prevent  r a p i d  drying. . 

To s t u d y  t h e  movement of ?hosphorus i n t o  water  s p r o u t s  fo l lowing  
fi' 

a p p l i c a t i o n  t o  t h e  bark of 1-year-old limbs from which t h e  wa te r  

s P r o ~ t s  a r o s e ,  t h r e e  t r e a t m e n t s  were used. I n  t h e  f i r s t  t r e l t m e n t ,  

t t ~ s  solut i -on was pa in ted  .on t h e  undamaged bark of a  limb from which 

two water  s p r o u t s  a rose .  I n  t h e  second t r ea tmen t ,  t h e  s o l u t i o n  was 

\ 

p a i n t e d - o n t o  scraped bark from which t h r e e  wa te r  s p r o u t s  a rose .  I n  

t h e  t h i r d  t r ez tmen t ,  t he  s o l u t i o n  was appl ied  t o  a  p i ece  of f auae  6 x 

36 5.nches which had been wrapped around an a r e a  of t h e  l.imb which had 

heen scrspcd .  The t w a l e d  area c i r r i e d  'two w a t e r  sp rou t s .  A s h e e t  

of p l a s t i c  fj.lm was used t.) cover t h e  gauze t o  prevent  r a p i d  drying. 

..A 0.3 pe rcen t  s o l u t i o n  of phos9horic ac id  c o n t a i . n i n ~  0.53 micro- 

cu r i e  p e r  rrlilllpram ol' phosphorus was app l i ed  t o  t he  l imbs a t  n3on on 

May 23rd. The wa te r  sprouts  were removed f o r  sa.mpling 48 hours  l a t e r .  

No r a i n  f e l l  during t h e  period.  

Current seasons shoots  ( l eaves  and stem) and t h e  un t r ea t ed  

p o r t i o n  of t h e  previous  seasons shoot  (stem) were c o l l e c t e d  from each 

water  s p r o u t  f o r  sampling. Water s p r o a t s  t h a t  had been t r e a t e d  d i r e c t l y  



were c u t  two. inches  above t h e  t r e a t e d  a r e a  whi.le shoo t s  t h a t  had been  
1 

growing i n  a t r e a t e d  a r e a  of o l d e r  bark were c u t  one inch  above t h e  

I t r e a t e d  ' a rea .  

I Af te r  drying,  t h e  samples were ashed according t o  t h e  p s o c e d ~ ~ r e  

I ou t l i ned  f o r  phosphorus a n a l y s i s  i n  t h e  A.O.A.C. ( 1 ). Radioact ive 

I counts  were measured on t h e  t o t a l  ash of each sample on June 11th.  

The count recorded on June 11th f o r  s e v e r a l  of t h e  samples was higher  

than  t h e  mechanical a b i l i t y  of t h e  s c a l e r  t o  r eco rd  e f f i c i e n t l y .  

T h ~ s e  samples were counted again on Ju ly  6 ,  1953, a f t e r  bein3 d i l u t e d  

1 t o  20. 

T o t a l  phosphorus i n  each sample was determined accord.i.ng t o  t h e  

m i  n r o  mr?t.bod ~ i v e n  i n  A.O.A.C. ( 1 ) uri June 30th. 

Resul t s :  The numerical  d a t a  obtal.ned i.n t h i s  experiment i s  presented  

j.n Tables  XIV, XV, XVI, and X V I I .  

A g r e a t e r  amount of rad.iophosphorus en tered  limbs when t h e .  bark  

was scraped l i g h t l y ,  when co t ton  gauze s s t u r a t e d  w i t h  P~~ phosphoric 

ac id  s n l u t i o n  vras wrapped around th?  limbs, and when cot.t.on gauze 

s a t u r a t e d  wi th  P ' ~ ~  phosphoric ac id  s o l u t i o n  was wrzpped arnunrl l i g h t l y  

scl-aped limbs than  when the  so lu . t ion  %as a p ~ l i e d  t o  a li.mb r ~ i t h ' i n t a c t  

bark. 

When the  r a d i o a c t i v e  counts  found i n  cu r r en t  seasons  growth of 

t h e  va r ious  t r ea tmen t s  were compared t o  t hose  found i n  t he  water  

s p r o u t s  wLth i n t a c t  bark (195-339 counts/nin. ) , a 10-f old inc rease  

w q s  noted wi th  scraped b ~ r k  (2,086-5,1137 counts/min.),  a 30-fold i n -  

c r ease  f ollo~vri.ng abso rp t ion  from ga.uze over  S n t a c t  bark  (7,804-10,961 



TATjLE XIV 

PHOSFHOHUS J.M; MDIOPHOSPH9RUS CONTENT OF CURRENT 

I SEASONS GROWTH (.LEAVEX AND STEMS) OF WATER SPROUTS 

TO TI-IE BASAL 8 INCHES OF RAM OF THE WATER SPROUTS 

T o t a l  Rad ioac t iv i ty  To ta l  
Dry W t .  Per 1 gram Dry . Phosphorus pe r  

Repl ica t ion  of Leaves Inlt. of Leaves 1 gram d r y  wt. of 
and Stems and Stems Leaves and Stems 

(Gms. ) ( ~ o u n  t s/min. ) ( N i s .  ) 

Solu t ion  Applied t o  I n t a c t  Hark 

Salut iur l  ApplPsd t o  Cotton Gauze over I n t a c t  Bark 

1 1.1787 7,804.2 4.666 
2 1.0113 10,961.2 6.180 

So lu t ion  Applied t o  L igh t ly  Scraped Bark 

1 1.3868 5,437.8 4.507 
2 1.4811 2,086.2 4.692 

So lu t ion  Applied t,n Cotton G ~ u a e  ovel- Light ly 'Scraped Bark 

The phosphorus content  of 1/100 n l l l i i i t e r  of t h e  t r e 3 t i . n ~  
s o l u t i o n  was 0.508 mi.lli.g;rams and t h e  rac1Loactj.ve cou.nt of t h i s  
amou.nt was 37,880.0 counts  per  mimute. . 



TARJF: XV 

PHOSIJFJORUS AND R4 D I O P H O S  PHQRUS C 31\JTENT O F  CURRENT 

SEASOIJS GROIWTfi (Lr;AVF:S ANTI STFJdS) OF IVAT'EK S F R O U T S  . 

GI;' APPIX F'CJLLO'vilTWG L P I ' L I C A T I O N  OF S H O S P H O R I C  A C I D  

T O  BARK OF A D J O I N I N G  10-YEAH-OLE LFtIHS 

~ o t a l  Rad ioac t iv i ty  T o t a l  
Dry W t ,  p e r  1 gram Dry Phosphorus per  

Rep l i ca t ion  of Leaves Vt. of Leaves , 1 gram d r y  W t .  of 
and Stems and S t e m s  Leaves ,and Stems 

(Gms.) ( ~ounts /min .  ) (Mgs. ) 

s o l u t i o n  Applied ' t o  I n t a c t  Bark 

Solution Applied t o  Heavily Scraped Bark 

So lu t ion  Apl l ied  t o  Cotton Gauze Over Heavily Scra,ped Rark 

T h e  phosphorus content  of 1/100 m i l l i l i t e r  of t h e  t r e a t i n g  
s o l u t i o n  was 0.508 mi l l ig rams and t h e  r a d i o a c t i v e  count of t h i s  
a ~ o u n t  was 37,080.C! counts  pe r  mj.nut,e, 



TABLE XVI 
I 

I 
PHOSPHORUS AND Ri,DTOl7tI~C?SPriORIiS CONTENT OF PREVIOUS SEASONS 

I 

GRgWTH (WOODY STEM) OF 'dATER SPROUTS OF WPIE FOLLONJI'IG . 

! 
APPLICATION OF Pi-IOSY!.IC)RIC A C I D  TO THE BASAT, 8 INCH&.It OF ~ 

BARK OF THE WATER. SPROIITS 

T o t a l  Rad ioac t iv i ty  T o t a l  
. Dry T i t .  Per 1 gram Dry Phosphorus pe r  

Rep l i ca t ion  of Woody W t .  of Woody 1 gram d.ry w t .  of 
Stem Stem Woody Stem 

(Gms .)_ ( ~oun t s /min .  ) (hlgs. ) 

S o l u t i o n  Applied t o  I n t a c t  Bark 

S o l u t i o n  Agp1.j ed t o  Cottoll Gauze over I n t a c t  Bark 

So lu t ion  Applied ' to  L i z h t l y  Sc.ra.ped Eark 

1 2.9745 881.7 1.150 
2 4.1016 ' 328.2 0,959 

So1.utj.o~ Applied t o  Cotton Cai17e over LighLly 'Scraped Bark 

The phos!ihorus content  of t h e  1/100 milliliter of t h e  t r e a t i n g  
s n l u t i o n  was 0,508 rn5.lliprams and t h e  r a d i o a c t i v e  count of t h e  amount 
was 37,880.0 counts  pe r  mi-nute. 



TABLE; XTJII 
> 

PHOSFHGRUS AND RACIOPHOSPHORUS CONTENT OF I;R.fi;VIOUS SKL-SONS 

OROYTIJ (WOODY STm) OF WATER SPt'lCilTS 3F APPJX FOLLO!VZNG 

APPLICATION OF' ?HOSI'!lII)RIC A C I D  TO RARK .OF ADJOII\IINC 10- 

YEAR-CLD LIMBS 

T o t a l  Rad ioac t iv i ty  T o t a l  
Dry W t .  p e r  1 gram Dry Phosphorus p e r  

Rep l i c s t i on  of Woody W t .  of Woody 1 gram Dry W t .  of 
Stem Stem Woody Stem 

(Gms. ) (~ounts[min. ) (MEs.) 

Solu t ion  Applied t o  1n tac t .Ra rk  
i 

1 3.2744 3.2 0.803 
2 2.2Li5'5 8.5 --- 

Solu t ion  Applied t o  Heavily Scraped Bark 

1 2.4200 28.1 0.791 
2 4. L l 4 l  183.1 0,768 
3 4.6828 202.1 0,722 

So lu t ion  Applied t o  Cotton Gauze Over Heavily Scraped Bark 

1 5.0736 8,336.0 1.375 
2 4.1297 ' 5,881.0 1.170 

- ..-- 
The phosphorus content  of t h e  1/100 m i l l i l i t e r  of t h e  t r e a t i n g  

solut j -on was  0.508 mi l l ig rams and t h e  r a d i o a c t i v e  count of t h i s  
amount was 37,880.0 counts  pe r  minute. 



counts/min.), and a 1600-fold i .ncrease follow.i.ng absorp t ion  from gauze 

over sc raped  bark  (368,177-423,815 counts/min.). It t h u s  appears  t h a t  

one of t h e  l i m i t i n g  f a c t o r s  i.n bark  ap? l icg? t ion  i s  t h e  smal l  amount of 

m a t e r i a l  t h a t  i-s r e t a i n e d  kg t h e  bark i f  an aqueous z o l u t i o n  of mater- 

i a l  i.s a.pplied. Also, exnosure .of l i v i n g  c e l l s  with?'.n and beneath 

t h e  bark a i d s  en t ry .  .It i s '  interest. i-ng i n  t h i s  cunnect ion t o  observe 

t h a t  r e n o r t s  i n  o ld  h o r t i c u l t u r a l  l i t e r a t u r e  of b e n e f i c i a l  r e s u l t s  

from n u t r i e n t  a p p l i c a t i o n s  t o  t h e  1?i00dy po r t ions  of t r e e s ,  u s u a l l y  

s t r e s s  both  sc rap ing  of t h e  arpa where t h e  a p p l i c a t i o n  i s  t o  be  made, 

and a p p l i c a t i o n  of t h e  m a t e r i a l  i n  a t h i c k  s l u r r y  o r  paste .  

Drying of t h e  l c a v e s  a t  t h e  edges, .shr ivel ing of t h e  bark ,  and 

p j ~ k  d i s c o l o r a t i o n  of t h c  phloem were. observed i n  t he  shoo t s  which 

were scraped and then  covered wi th  gauze, T h i ~  W A ~  po:;sibly due 

t o  phosphorlls to>:icj.ty a s  s h r i v e l i n g  and   ink d. isc . j lorat ion of t h e  

?hl.oe;n were o b s p ~ v z d  i n  e ~ e r i m e n t  I11 when 2-year-old McIntosh acp le  

t r e e s  were s:-rayed wi th  phos7-hori..c ac id  s o l u t i o n s  a t  c . > n c e n t r ~ . t i o n s  

ranging from 8 t o  32 percent .  

lhore r ad ioac t ive  phosphorus ,was found i.n t h e  expandS.ng shoo t s  of 

t h e  cu r r en t  sezson than  i.n t h e  woody shoots  of t h e  previ-ous secson. 

For example i n  Tables  X I V  and .WI , t h e  ai~luurlt 61' 1'32 absorbed through 

t h e  i n t a c t  bark  of wa te r  so rou t s  gave 195 and 339 counts  pe r  minute i n  

t h e .  cu r r en t  seasons growth ( l eaves  and stem) and 50 and 04 counts  per 

mi.nutc i.11 . the prev ious  se i sons  growth (stem) whereas t h e  amount of ~3 2 

absorbed through l i c h t l y  scraped bark 3f watcr  sp rou t s  gave 2,086 and 

5,438 cou.nts p e r  minute i n  t h e  c u r r e n t  seasons growth and 328 and 882 



counts  p e r  minute i n  t h e  previous  seasons  growth. A s  t h e  c u r r e n t  

season shoots  were s t i l l  i n  a.ctive growth, nore phosphorus metabolism 

cov.ld be expected the re  t han  i n  t h e  previous  season shoots  where only 

t h e  cambial a r e a  was i n  a c t i v e  growth. 

Grea t e r  e n t r y  of r a d i o a c t i v e  phos?horus occurred fol lowing appl i -  

? s t i o n  of t h e  s o l u t i o n  t o  t h e  bark of water  s p r o u t s  t han  occurred f o l -  

'lowing a p p l i c a t i o n  of t h e  s o l u t i o n  t o  t h e  bark of 10-year-old limbs. 

Thu.s i n  Tables XV and XTJI counts  ye r  minute fou.nc? i n  c u r r e n t  sezsons 

growth.were 135and 339 when t h e  s o l u t i o n  was brushed on t h e  i n t a c t  

bark of wetersprouts  and 16 and 28 when t h e  s o l u t i o n  was brushed on 

t h e  i n t a c t  bark of a 10-year-old limb j.n'an a r e a  on tvhtch .two water  
, 

s1:routs arose* 

Experiment XVII 

Object:  To compare t h e  e n t r y  and subsequent' movement of radiophos- 

phorus appl ied  t o  l eaves  a lone ,  bark a lone ,  2nd l eaves  and bark  to-  

g e t h e r  of young peach t r e e s .  

Ma te r i a l s  and Methods: Three 1-yeor-old. K l t e r t a  peach t r e c s  g ~ ~ o w l n g  

i.n p o t s  i n  the greenhouse, and two 4-year-old Halehaven peach. t r e e s  

growing i n  t h e  orchard were used. P. t  t h e  t ime t h e  experiment was 

begun, February 17, 1951, t h e  l eaves  were s t m t i n g  t o  urlfold on t h e  

t r e e s  i n  t he  greenhouse. An e o y l  amount of a phosphoric a c i d  solu- 

t i o n ,  which coni;a4ned 0.07 mi-crocurie p2r mill igram of phosphorus, 

w a s  used on eaxh tree. I n  t h e  e.reenhous'e, t h e  s o l u t i o n  was a i p l i e d  

t o  t h e  expanding l e e v e s  of one t r e e ,  t o  t h e  bark of another ,  and t o  

both t h e  l eaves  and bark of a t h i r d .  The n i g h t  t empera t i r e  of t h e  

. greenhouse was LOOF. 



I n  t h e  orchard, most of t h e  solutj-on was appl ied  t o  t h e  buds on 

the  b a s a l  3orti.on of 1-yaa.r-old twins. The temper? t u r ?  remained above 

I f r eez ing  durinq t h e  n igh t  and was I n  t h e  LO'S F. duri-ng t h e  day. 

Resul t s :  No in t ake  of r a d i o a c t i v e  phosphorus was observed from t h e  
.- - - 

applicnt i .on t o  the  dormant buds of peach twigs out-of-doors. Ilowever, 

I e n t r y  and movement occurred i n  some caxes.from . a p p l i c a t i o n s  t o  t h e  

t r e e s  growing in '  t h e  greenhouse, Following an a p p l i c a t i o n  t o  e i t h e r  

t h e  l eaves  and bark '  o r  t,o t h e  bark a lone ,  movement t o  o t h e r  p a r t s  was 

detected.  !40weverj when the  applj.cat,ion was made solely-  t o  t h e  ex- 

pzncii.n~ l eaves ,  no movement occurred away from t h i s  a r e a ,  probably 

I because phosphorus was. being metaboliz.ed i.n t h e  reg ion  of applicatj .on, 

Experiment X V I I I  

Object:  - To cornpar? t h e  r e t e n t i i r ~ ~  of radiophosphorus s o l u t i o n  by 

I l e aves  of a p ~ l s ,  peach, pear ,  s3u r  cherry,  and swept cherry.  

Mat,eri.als and lk thods :  One t r e e  each of McIntosh apple ,  E l b e r t a  

?each, R a r t l e t t  Fear ,  Montmorency. sour  cher ry ,  and '?!indsor s w e ~ . t  

che r ry  were i i sed .  The t r e e s  viere a .c t ive ly  prowing i n  p o t s  i n  t h e  

I greenhouse where they  had heen i n  a c t i v e  growth f o r  a,pproximately 3 

weeks before  t h e  t r ea tmen t s  were made. 

A s o l u t i o n  of 0.3 percent  phosahoric a c i d  cont.z<ning 0.11 micro- 

c u r i e  p e r  mil l igram of pho5nhorus and conta in ing  Dre f t  as a wet t ing  

agent  was appl ied  t o  one of t he  lower growing shoots  of each p l a n t  on 

Karch 3, 1951. The e n t i r e  shoot  was submerged i n  a beaker  of t h e  

r a d i o a c t i v e  s< ) lu t ion  a f t e r  each pot ted  t r e e  had been l a i d  h o r i z o n t a l  

I -  on t h e  greenhouse bench. The t r e e s  were l e f t  h o r i z o n t a l  u n t i l  t h e  



I 
appl ied  s o l u t i o n  had d r i e d  on t h e . s h o o t s  so  t h a t  contamination of t h e  

.> 

surrounding limbs by l a t e r a l  movement of t h e  r a d i o a c t i v e  s o l u t i o n  

~vould. be e l imina ted ;  because any excess  so1ut i .m on t h e  h o r i z o n t a l  

, t r ee s  drii;ped o n t r ~  paper  spread nn the  creenhouse bench. Af t e r  the  

I s o l u t i o n  d r i e d ,  t h e  t r e e s  were pla.ced upr ight .  

Samples of t r e a t e d  and non-treated shoots ,  and new r o o t s  were 

I c a l l e c t e d  6 days a f t e r  t r ea tmen t  and t h e  radiophosphorus i n  each p a r t  

I was counted u t i l i z i n g  a  T race r l ab  Autoscaler.  Thus, t h e  t o t a l  amount 

of phosphorus s o l u t i o n  appl ied  and t h e  amount t r a n s l o c a t e d  t o  t h e  shoo t s  

I and t , ~  t h e  r o o t s  were determined. 

Fksu l t s :  Data obta-i.ned a r e  shown i n  Tables  X V T I I  and X I X ,  A r e l a t i o n  

;iras nhserved between adherence and r e t e n t i o n  of m a t e r i a l  and t h e  

I phys i ca l  c h z r a c t e r s  of t h e  leaves .  Thus, apple  leaves ,  which have t h e  I 
most pubescence, showed t h e  g r e z t e s t  r e t e n t i o n  of t h e  s o l u t i o n ,  whereas 

peach l eaves ,  which a r e  g labrous ,  r e t a ined  t h e  lez.s t .  

I Transloca.tion of ;)hosphorus was not  c o r r e l a t e d  w i t h  the  amount I 
I which had adhered t o  the  leave6 of t h e  d i f f e r e n t  f r u i t s .  The d a t a  I 

show tha . t  t h e  pear  and sour  c h e r r y  were more e f f i c i e n t  i n  absorp t ion  

a s  i n d i c a t e d  by the  percent  6f t h e  s o l u t i o n  t r a n s l o c a t e d  of t h a t  which 

was appl led ,  The  r3at.a a loq  i . s l d l c ~ t e  t h a t  t h e r e  may be a d i f f e r ence  i n  

I . d i r e c t i o n  of movemenk .sf t h e  absorbed phosphorus i n  t h e  d i f f e r e n t  

pla.nts.  On a  u n i t  weight b a s i s ,  t h e  radS.oactivc count f o ~ ~ n d  i n  t h e  

tope of pea r  and sour c h e r r y  was g r e a t e r  than t h e  m o u n t  found i n  t h e  
I - 

roo t  t i s s u e .  I n  t h e  apple ,  neach, and sweet c h e r r y  on a u n i t  w e i ~ h t  

b a s j s ,  t h e  g r e a t e s t  amount of r a d i o z c t i v e  count  from ~3~ was o m d  i n  
M 



TABLE X V I I I  

HETE1:'TION OF ilHOSFI-IOF1IC A C I D  BY SIIOOTS OF APPLE:, I.'i!;ACI-I, PEAR, 

SOUR CHFRP.Y, AND SVRET CHERRY F'OLLOiTING l?II'PING IN A SOLUTION 
' 

CONTAINING R.ADIOPHOSPHORV5 AS TLIDLCATED BY COrlNTS PER MINUTE 

F re sh  %t. T o t a l  Amount o f  
of Shoot  A c t i v i t y  S o l u t i o n  
C . r  owt h ( ~ o u n t s / m i n .  ) (MI.) . 
(Gms . ) 

Pear 1.389 39,332.0 0.87 

Sour  Cherry 3.761 4~ ,076 .  R 0.076 

Sweet Cherry 7 .'573 63,661.8 1. kl 



TABLE X I X  

TR.4NSLOCATJON OF QA7~JOPMOSPIIORUS 1 NT9 UNTREATED SHOOTS AND 

RQOTS OF APF'LI?, PEACH, PF:AH, SOIJR CHERRY, AND SWET CHERRY 

FOLLCMTNCI DIPPING OF GNE LOWER SHOOT TM P!iOSP:IORIC A C I D  

Rad ioac t iv i ty  i n  Counts per  T o t a l  Percent  P~~ 
Minute p e r  1 gram Fresh  Tissue Translocated t o  

Shoot Root Shoots  and Roots 

Apple 88.7 162 ,0 0.52 

Peach 12.7 46-9 0.39 . 

f e a r  156.3 lob,  o 2.65 

Sour Cherry 206.8 31.0 3-27 

Sweet Cherry 12.4 19.3 nq3h 
P --- - 



t h e  roo t s .  Thus t h e  movement, a f t e r  e n t r y  of p3* j .nto t h e  mpre e f -  

f ic: ' .ently absorbing p l a n t s ,  was appar -an t ly  dif f orsn t t h a n  j.n t h e  l e s s  

e f f i c i e n t l y  absorbing p l a n t s .  



Exneriment X I X  

Object:  To determi-ne whethcr g r e a t e r  e n t r y  of potsssium occurred when 

t h e  amount of K~~ potassium c a r b o n ~ t ~ e  on t h e  l e a f  was Lncrrased by t h e  

I use of a l ime s l u r r y .  I 
Mate r i a l s  and Methods : The p o t a n s i u ~ ~  s ,u lu t ion  was ;.,repared by adding 

.- 

'-I 
11 grams of potapsium carbonate  conta in ing  K~~ t o  3 l i t e r s  of water.  

To h a l f  t h e  s o l u t i o n ,  Dre f t  was added a s  a we t t i ng  agent and t o  t he  

I r e s t  of the  s o l u t i o n  hydrated lime was added t o  form a s l u r r y .  

I Median l eaves  of McIntosh apple ,  F I b e r t a  peach, and Montmorency 

sour  che r ry  shoots  on t r e e s  growing i n  p o t s  i n  t h e  greenhouse were 

di.nged i n t o  the  s o l u t i o n  us ing  one t r e e  of each v a r i e t y .  The pro- 

cedure was repea ted  wi th  the: lime s l u r r y  usi-ng: une t r e e  of each 

v a r i e t y ,  

The dipging of t h c  median l eaves  was done a t  9 A.M. on Apr i l  4, 

I 1951, and t h e  shoo t s  were c u t  a f t e r  7 hours.  The shoo t s  were dr i ed  

I under h e a t  lamps f o r  16 hallrs a f t c r  h a ~ e ~ . L .  i l t i toradiogr~ms were made I 
1' by expostng X-ray film with t h e s e  d r i e d  shoots.  1 

Eesu l t s :  In take  of K~~ by the  a c t i v e l y  growing app le  shoots  occurred 

wi th  both carr j .ers .  The in t ake  allpeared t o  be s l i g h t l y  g r e a t e r  i n  t h e  

I .shoot d i p e d  i n t o  t h e  s o l u t i o n .  Perhaps. t h i s  occurred because t h e  

I vietti-ng agent  i n  t h e  s o l u t i o n  wet the? pubescent apple  leaf  more e a s i l y ,  

whereas t h e  s l u r r y  was prevented b y  t h e  epidermal h a i r s  from coming i n  

con tac t  with t h e  epidermis of t h e  l e a f .  Some i n j u r y  t o  t h e  leaves  was 

noted where t h e  s l u r r y  arid l ea f  epidermis were i n  contadt .  Fotassium 



was found t o  be concentrated i n  t h e  stem of t h e  apple w i t h  a d i f f u s i o n  

g r a d i e n t  extending i n  both d i r e c t i o n s  from t h e  t r e a t e d  leaves.  

Grea t e r  i n t a k e  of K~~ by t h e  acti .voly growing prech a n d  so& 

c h e r r y  shoots  occurred when t h e  leave2 were d i ~ p o d  i n t o  t h e  s l u r r y .  

The peach and sour  cher ry  leaves  were n o t  wet ted by t h e  s o l u t i o n  b u t  

t h e  s l u r r y  was i n  c o n t a c t  w i t h  most of t he  epidermis of t he  l e a f .  

Some burning of the  leaves  was caused b y  t h e  s l u r r y .  Peach l eaves ,  

o t h e r  than  t h e  t r e a t e d  l eaves ,  a s  w e l l  a s  t h e  stem were v i s i b l e  i n  

t h e  autorndj.ogram made f rora Lhe s l u r r y  t rea tment  whi.le on ly  t h e  stem 

wzs v i s i b l e  i n  t h e  2utoradiogram made from t h e  s o l u t i o n  t reatment .  

P e t i o l e s  and midr ibs  of sou r  che r ry  l eaves ,  o t h e r  t han  t h e  t r e a t e d  

lea.ves,  as w c l l  a? the s Iem were v i s i b i e  , i n  t h e  autoradiograms where 

both t r ea tmen t s  were used. The autar(9diogram made  fro^:^ Ihe slurry 

t r e z t n e n t  was da rke r  i n d i c a t i n g  a g r e a t e r  a c c m u l a t i o n  of &2 

Contact of t h e  mater i .a l  wi th  t h e  epidermts of t h e  l e a f  was ap- 

p a r e n t l y  necvssary f o r  en t ry .  The na ture  of t h e  l e a f  su r f ace  .was t h e  

f a c t o r  which c o n t r o l l e d  contacta, Thus different r.&!)onses were 6b- 

t a i n e d  wi th  t h e  pubescent apple  l eaves  and t h e  g labrous  peach a'nd s o u r  

c h e r r y  leave's t o  t h e  s o l u t i o n  and t h e  s l u r r y  methods of a p p l i c e t i o n  of 

KL* potassium carbon;tte, 

Experiment XX 

Object:  To determi-ne whether t h e  d i s t r i - b u t i o n  of potassium and phos- 

42 chorus w i t h i n  limbs d i f f e r e d  f ollow,i.ng f o l i a g e  appl i .cat ions of K 

pota.ssium carbonate  and ~3~ phosphoric ac id ,  



Methods and Mate r i a l s :  Four not ted  2-year-old McIntosh t r e e s ,  which 

were i n  acti.ve growth, were used i n  a greenhouse experiment. The t i p s  

of shoo t s  of t w o ' t r e e s  weye dipped, and t h e  median leaves  of shoo t s  of 

t h e  o t h e r  two t r e e s  were dipped i n  t h e  s o l u t i o n s  a t  9:30 A.1~1. on May 

9, 1951. The shoots  were c u t  a f t e r  8 hours. 

The potassium s o l u t i o n  was prepared by adding 11 grams of potas-  

~ i i m  carbonate  conta in ing  K~~ t o  3 l i ters of water .  The phosphorus 

s o l u t i o n  was a 0,3 percent  soluti .on of phosphoric a c i d  which contained 

0.03 microcur ie  pe r  mi l l ig ram of phosphorus. Autoradiograms were made 

from t h e  shoots  a f t e r  t hey  were dr ied .  

F.esults: Very l i t t l e  movement of e i t h e r  phosphorus o r  potassium was 

seen i n  t h e  autoradiograms af shoo t s  i n  which t h e  t i p  l eaves  were 

dipped. A f a i n t  i n d i c a t i o n  of' movement, of po tcss i~ lm was seen  i n  t h e  

stem j.rnmediately below t h e  t r e a t e d  l eaves ,  and t h e  movement of phos- 

~ h o r u s  was ind ica t ed  b y  a f a i n t  o u t l ' n e  of t h e  l eaves  immediately 

below t h e  t r e 2 t e d  leaves.  

More rnovenent occurred when t h e  median 1eave:s Of t h e  shoo t s  were 

dipped. Both elements moved a c r o p e t a l l y  and b a s i p e t a l l y  i n  t h e  stem 

from t h e  . t r e a t e d  leaves .  Concentra.tions of phosphorus appeared Sn the  

stem immediately above and belnw t h c  t r e a l e d  l e a v e s  whi le  d i s t r i b u t i o n  

of p o t a s s i ~ m  appeared t o  have been more uniform along t h e  stem. 

Mayberry (41) working w i t h  beans and squash found potassium t o  be 

11ni.form1y d i s t r i b u t e d  i n  t h e  ~ l a n t  whi le  phosphorus accumulated i n  t h e  

a c t i v e l y  growing regions.  



Object: To deterrrl-i.ne t h e  movement of phosphorus w i t h i n  shoots  f o r  a  

2k-hour per iod  fol lowing a p p l i c a t i o n  of P~~ phosphoric ac id  t o  two 

leaves  of each shoot ,  

Mnterj.ala and Methods: Two median l eaves  of one shoot  on each of f i v e  

2-year-old ~ c ~ n t o s h  apple t r e e s  were dipped i n t o  0.3 'percent  30 lu t  Ion 

of phos9horic ac id ,  which contained O ,11m~.c rocu r i e  p e r  mil l igram of 
- 

phosphorus on May 18, 1951, a t  10:15 A.M. i n  t h e  greenhouse. A l l  

shoots  were not  i n  t h e  same s t a g e  of growth, a s  some had matured 

wh i l e  o t h e r s  were s t i .11  i n  a c t i v e  growth. One shoot  was c u t  a f t e r  

t h e  e l apse  of each of t h e  fo l lowing  time i n t e r v a l s  a f t e r  t rea tment :  

2 ,  6, 12,  18,  and 211 hours.  

Resul t s :  Resul t s  of t h i s  experiment a r e  explained on t h e  b a s i s  of 

t h e  a!i~uunt of e e o s u r e  wh-ich was seer, i n  t h e  autoradiogram made from 

each shoot ,  Increased exposure r e s u l t s  from a  h igher  concentra . t ion 

of r a d i o a c t i v e  phosphorus i n  t he  p l a n t  m a t e r i a l ,  

A t  2 hours  a f t e r  t r ea tmen t ,  t h e  t e rmina l  l eaves  of t.hi.s ~ h o a t ,  

whi-ch was- s t i l l  growing, were v i s i b l e  i n  t h e  autoradiogram. More of 

t he  phosphorus had appa ren t ly  moved a c r o p e t a l l y  i.n t h e  shoot than had 

v.oved b a s i p e t a l l y .  

A t  6 h o e s  a f t e r  t rea tment ,  t h e  t e r m i n a l  l eaves  were f a i n t . 1 ~  

v i s j  b l e  a l t h o w h  t h e  shoot  was more mature t han  t h e  shoot  used f o r  

the  2-hour t rea tment .  The stem of t h f s  shoot was a l s o  v i s i b l e  i n  t h e  

autoradiogram although .it was not  a s  d a r k  a s  t h e  stem of t h e  2-hour ' 

t r ~ a t m e n t .  



A t .  12 hours a f t e r  t rea tment ,  t h e  t e r m i n a l  leaves  of t h i s  shoot ,  

whi.ch w:ls s t i .11 growin?, ne re  more c l c z r l y  cut1-i-ned i n  t h e  au torzdio-  

gram than  were those  from t h e  previous  two t rea tments .  Also v i s i b l e  

were t h e  l e a f  pe t i -o les  and a f a i n t  o u t l i n e  of some of t h e  l eaves  above 

t h e  t r e a t e d  leaves ,  

A t  10 hours  a f t e r  t rea tment ,  t h e  t e rmina l  leavcc  of this shaot  

were c l e a r l y  v is i -b lc  i n  t h e  autoradiogram al though t h e  shoot  was more 

r n a t u r ~  than  those  used i n  both t h e  2-hour and 12-hour t rea tments .  The 

s f e n  was c l e a r l y  vi.sS.ble a? were some of t h e  l e a v e s  above those  t r e a t e d .  

A t  24 h9ur.s a f t e r  t r ea tmen t ,  t h e  t e rmina l  l e a v e s  of t h i s  s h o o t  

were c l e a r l y  vi .s ible  i n  t h e  autoradiogram al though t h i s  was t h e  most 

ma.ture m e  i n  the  experiment. The sterri and some of t h e  l e a f  p e t i o l e s  

were c l e a r l y  v i s i b l e  i n  . t h i s  experiment even thourh they  wcrc no t  as  

da rk  a s  t h e  18-hour t rea tment .  

Conti.nued accumulation of phosphorus ' i n  t h e  shoo t s  a f t e r  e n t r y  

throligh t h e  leaves  occurred during t h e  24  hours  covered by t h i s  ex- 

- ?ei--;.~nent. h e  zc.<:unt uf a ccwi~iiln.i;ion of r a d i  nphosphorua 5-n .I;lle tern- 

i n a l  leavos  wa? appa ren t ly  dependant u y r l  t h e  m a t u r i t y  of t h e s e  l eaves  

and upon t h e  ammnt of tj.me allowed f o r  e n t r y .  The r ad iophos~horus  

content  of t h e  S I I O O ~ S  appeared t o  hp: g r ~ a t c r  a t  eac11 success ive  

ha rves t .  However t h e  l e s s  mature shbo t s  a t  2 hours  and 18 hours  

s h v ~ e d  inc reased  accumulation of phosphorus over  t h e  6-hour and 24- 

hour-treabed shoots ,  respecti.vely-, 



Object:  To detemi i.ne t he  accumulation i n /..he .?hoots of radiophosphorus 

a t  2, JL, 6, E ,  13, and 12 hour in te rT:a ls ,  fol lowing a l e a f  a p p l i c a t i o n  

of ~3~ nhosn'noric ac'd t o  McIntosh apple txeos.  

? $ a t e r i a l s  and lilethods: The s i x t h  and sevcnth e q a n d e d  leaves  below 

t h e  ?raw?Lne ? p i n t  of 30 shootas were di3ped June 14, 1951, a t  11:00 

A.?il. Lnto a 0.3 percent  s o l u t i o n  of ~ ~ h o s p h o r i c  a c i d  which contained 

0.16 rni.crocurie yer  mil l igram of ;~hos?horus.  k t  2, 4, 6 ,  8, 13, and 

12 hours a f t e r  di?e)ing, f i v . e  of t h e  shoo t s  were cut. Two shoo t s  a t  

each s m p l i n g  we're v e r t i c a l  shoots  and t h r e e  were hor i -zonta l  shoots .  

Af t e r  t h e  shoots  were c u t ,  two were used t o  make autoradiograms 

and three were a~;hcd  tht !~l  cotmted t o  record t h e  t o t a l  c?c t iv i ty  i n  t h e  

shoots .  I n  t he  shoo t s  t h 2 t  were cnilnted, an effv.1.L was rnade t o  avoid  

c o n t m i n a t i o n  of t h e  untrea.tnd ?ort;.on by removs.n~ t h e  s e c t i o n  of t h e  

stem ca2nta-i.ni.nk: leaves  nxmbers 5 t o  8 Sefore  ashing. The po r t ion  of 

t h e  shoot a.hove l e a f  number 5 ma=. desipnated,  t h e  tj.p, whi le  t h a t  

po r t ion  of t h e  shoot below leaf ni>.rnber 8 was des1.gnated t h e  base. 

Temperature a t  t h e  t ime of t rea tment  was 7 0 ' ~ .  and a  maximum 

temnerature of 75 '~.  was rnachcd d u ~ ~ i ~ ~ g  t h e  day. 

R.esults: The au toradi  ngrams chowid d progressj.ve a c c u m u l ~ t i o n  of 

phosphorus dur ixg  t h e  per iod  from 2 t o  12  hours a f t e r  t rea tment ,  a s  

;.ndi.cated by increasi .ngly da rke r  irnares of t h c  untrea.ted a r e a s  of 

the  shoots  on t h e  X-ray f i l m  negat ives .  fIowever, t he  nega t ives  were 

not  d u i t a b l e  f o r  reproduct ion  because s u r f a c e  contarni na t ion  was not  

removed from t h e  t r e a  t.ed l eavcs  and considerable blurr i -ng r e s u l t e d .  



TABLE XX 

ACC'LlMULATION OF RADIOPHOSPHORUS I N  McINTOSH APPLE SHOOTS 

2, 4, 6 ,  8, 10, and 1 2  H31JlE A_FTF:R. TI[!.. A P P L I C X I I  OF 

PHOSPHORIC ACTD TO '.riFJO MEDIAN LEA.VES 

( ~ v e r a g e  Values f o r  Three Shoots)  

~ i m e  o f  Harvest Rad ioac t iv i ty  per 1 G r a m  Dry iVt. . 
 ours) (counts/min. ) 

Two 325.9 68.2 

I 
I .Eight . 
I 

Ten 

Radioact ive counts  i n  one m j . l l i l i t e r  of t r e a t i n g  s o l u t i o n  
were 64,978.1 counts  per minute, 



Data obtained from t h e  shoots  t h a t  were ashed a.nd then  counted 

a r e  shown i n  Table XX, Considerable v a r i . a b i l i t y  i s  shown between 

t.he r e ;> l i ca t ions ,  b u t  a t r e n d  of i nc reas ing  accumulation a t  each 

succ.essive ?-hour 3 n t c r v n l  of sampling i s  ev iden t .  Also 5 t  ar:pears 

i n  most cases  t h a t  t h e  t i p  a r ea  of t h e  shoot  con ta ins  more r a d i o a c t i v e  

phoo!?horus tl~arl does t h e  b a s e  a r e a  of t he  shoot.  

Experiment :UIII 

Object:  To determine t h e  e f f e c t  of g i r d l i n g  on t h e  d i s t r i b u t i o n  of -. - 
phosphorus wi th in  a shoot  :Tollowin~r: l e a f  appl . ica t ion  of 2hosy:horic 

ac id ,  

Ma te r i a l s  .-- - and lhethods: Five s e t s  nf t h r e e  l imbs each, on t h e  south  

s i d e  of mature Del ic ious  apple  t r e e s ,  were used i n  t h? s experiment. 

1:kdi an l e a v e s  of t h e  shvvLs were dipped on June 5 ,  1951, a t  4 P.M. 

i.nto a 0.3 percent  s o l u t i o n  of phosphoric aci.d conta in ing  approximately 

0.11 microcurie  pe r  mi l l i s r am of phosphorus. 

Each s e t  of limbs was d iv ided  j.nto t h r e e  sec t ions :  A,  used f o r  - 
aut.oradiographs; - B, ashed and counted; and G, g i r d l e d ,  then  e i t h e r  

ashed o r  i ~ s s  f o r  an sutoradiogram. 

The limbs were ' loca ted  on t h e  t r e e s  a s  f o l l o ~ v s :  s e t  1, te rmina l  - 
sl-luuls of pr lmary 1i.mhs; s e t s  2 ,  3, and 4, te .mi.na1 slioot,s of second- - - - 
a r y  limbs; and s e t  - 5, water  sp rou t s  from t h e  i n t e r i o r  of t h e  t r e e .  

G i r d l i n ~  was done by drawing a kn.!fe completely around t h e  shoot  

a t  t h e  base,  s o  a s  t o  c u t  throuch t o  t h e  secondary xylem, thus  sever ing  

t h e  phloem t i s s u e ,  



Eighteen h.ours a f t e r  t h e  leaves  of t h e  shoots  were dipped, a l l  

shoots  were harvested.  The shoots  upon whi.ch t h e  r a d i o a c t i v e '  count 

was t o  be determined were ashed immediately a f t e r  t h e  f r e s h  weight 

of t h e  un t r ea t ed  porti..ons of t h e  shoots  had been determined. Auto- 

radiograms were made from t h e  shoo t s  t o  .be used f o r  t h a t  purpose a f t e r  

t h e  shoots  were dr ied .  

Resul t s :  The stem a s  w e l l  a s  t h e  t e rmina l  l eaves  were v i s i b l e  i n , t h e  --- - 

autoradiogram made from t h e  water sprout .  Only a f a i n t  o u t l i n e  of t h e  

stem was seen :i-n t h e  autoradiograms made from t h e  four n ~ n - g i r d l e d  

shoots .  The auotradiograms made from t h e  g i r d l e d  shoots ,  one of which 

was t h e  t e r m i n a l  shoot  of a pr imary li.mb and t h e  o the r ,  t h e  t e rmina l  

shoot  of a secnndary l i n b ,  showed l e a f  p e t i o l e s  a s  w e l l  a s  t h e  stem 

b u t  t ho  term.ina.1 l eaves  were no t  v i s i h l e .  

The amount of radi.ophosphorus ,in t he  un t r ea t ed  p o r t i o n  of t h e  

sh:>ots  as i .ndicated by c ~ ~ m t s  p e r  minute i s  shown i n  Table XXI.  

TNO non-girdled shoots  had a l e v e l  of rad!.oa:tivity cons iderably  above 

t h e  r e s t  of t h e  limbs. One was t h e  t e r m i n a l  s l ~ o o t  of a pr imary limb 

wh i l e  t h e  o the r  was t h e  t e r m i n a l  shoot  of a seconda.ry limb. 

I n  t h e  autoradlogram3, it appeared t h a t  g i r d l i n g  m i ~ h t  have in-  

duced accumulation of' phnsphorun i n  tlie shoots  b u t  t h i s  was not  shown 

i.n the  count dz ta .  Because t h e  e f f e c t  of  g i r d l i n g  on accumulation 

was ques t ionab le  it was not  used i n  f u r t h e r  experj.ments, 

No di.st . inctdon between t e rmina l  shoots  of primary- l imbs and of 

secondary limbs w2s made i n ' f u r t h e r  experiments because t h e r e  is  a 

~ o m p a r a t ~ v e l y  smal l  number of pr imary limbs 3n the t r e e  and because 



TAR1,E XXI 

THE INFLUENCE O F  GI'RDLIMG AND LOCATION OF SHOOTS O N  THE 

ACCU~1UL,ATION OF' h.ADIOIJ:IOSPH3RlIS FROM AM AIJPLICi \ ' r ION OF 

PHOSP'dORlC A C I D  TO FNO l\rIEDLAK LEAVES 

Limb Fresh 'Weight Rad ioac t iv i ty  
. . (Gms. ) 5 grams 

Fresh 'fit. 
( count s/min. ) 

1 B Primary t e m i n a l  4 e 341 
shoot  

2 B Secondary t e rmina l  . 4,04'1. 56.2 
Shoot 

2 G Secondary t e rmina l  3.475 
shoot ,  g i r d l e d  

3 B Secondary -terminal 5 .,880 
shoot  

L B Secondary t e r n i n a l  6;036 
shoot  

4 G Secondary t e r m i n a l  5.?15 
shoot ,  g i r d l e d  

5 B Water sp rou t  2.786 171,.1. 

P 

Radioact ive counts  p e r  minute i n  one m i l l i l i t e r  of t r e a t i n g  
s o l u t i o n  were 64,978.1 counts  per  minute, 



I between t h e  two types. I 
No c o n s i s t e n t  d i f f e r e n c e  was noted i n  t h e  amo~mt of absorp t ion  

of r a d i o ~ h o s p h o r u s  o r  in t h e  subsequent d i s t rS .but ion  between t h e  

t e rmina l  shoo t s  of pr imary limbs and of secondary limbs. Therefore . 

no d i s t i n c t i o n  was made between t h e  two t&ypes Ln f u r t h e r  experiments. 

Experiment XXIV -- 
Object: To determi ne the  d i s t r i b u t i o n  of  phosphorus .in the'  a p p l e  

f r u i t  f  ollowin:: l ea f  a p p l i c a t i o n  of ~3~ phosphoric ac id ,  
i 
I Mate r t a l s  and Methods: Two median l e a v e s  of tyro secondary shoo t s  on 
I - 
l a spur  conta in inq  two app le s  were dipped June 27, 1951, i n t o  a  beaker  

I contai.ni.ng a s o l u t i o n  of phosphorio a c i d  rrk~ose radionct . ive s t r e n g t h  

I was 0.08 rni.crocurie p e r  mil l igram of phosphorus. These f r u i t a  and I 
shoots  were harvested J u l y  1, 1951. One f r u i t  was c u t  Lnto l o n g i t u d i n a l  I 

I secti .ons and t h e  o t h e r  i n t o  t r a n s v e r s e  s ec t ions .  Autoradiograms of 

I t h e  f r u i t  were made. See f i g u r e  1. I 
Resul t s :  Phosphorus was found t o  move i.nto adjacent,  f ru i . t  ~ P C ~ I I  s p u r  

l savea  t o  which i.t was appl ied .  The g r e a t e s t  concent ra t ions  occurred 

I i n  t h e  seed snd vascu la r  system wi th  a  second h igh  concen t r a t ion  a t  I 
I t h e  pe r iphe ry  of t h e  f ru i . t .  F r u i t  on spilrs both above and below the  

I t r e a t e d  s p u r  showed no rad i -oac t lv i ty .  These f a c t s  agree rri:.th o t h e r  
I 
1 

f i nd ings  t h a t  phosphorus moves t o  t h e  n e a r e s t  po in t  of mobi l iza t ion .  

Ex~er imen t  XXV - 
O b s :  To determi ne whether di.f f e r e n t  v a r i . e t i e s  of a p p l e s  absorbed -- 
~3~ from ~3~ phosj lhori .~ a c i d  a t  d i f f e r e n t  r a t e s  fol lowing f o l i a r  , 

app l i ca t ion .  



Figure 1. Autoradiogram of an app le  f r u i t  showing 

t h e  d i s t r i h t i o n  of radiophosphorus i n  $he 

f r u i t  su l~sequent  t o  f o l i a g e  a p p l i c a t i o n ,  





Mate r i a l s  - and hlethods: The s i x t h  and seventh expanded leaves  h e l m  

t h e  growing p o i n t  of f i v e  shoots  each of Del ic ious ,  Jonathan, IdcIntosh, 

and Northern Spy apple t r e e s  were dipped June 27,  1951, a t  12:00 P.M. 

i n t o  a 0.3 pe rcen t  s o l u t i o n  of phosphoric a c i d  which contained 0.08 

microcur ie  pcr mil l igram of phosphorus. Terminal buds of t he  l3el ic ious 

and Jonathan shoots  were s t i l l  growing a t  t h e  t ime of t r ea tmen t  whi le  

t h e  terrr~irial  buds of IAcIntosh and. Northern Spy shoo t s  had ceased 

growth, 

The temperature was about 80°F. when t h e  median leaves  were 

di.pped. A maximum of 8 5 9 .  was reached a t  h:00 P.M. be fo re  t he  onse t  

of a r a i n  storm whj-ch l a s t e d  3 hours.  

Because t h e  r a i n  occurred soon a f t e r  t r e a t n e n t ,  only two of f i v e  

shoots  of each v a r i e t y  -ttere harvested and were used t o  make auto- . 

radiograms t o  see whether t h e  r a i n  had caused contamination of t h e  

un t r ea t ed  l eaves  wi th  r a d i o a c t i v e  ma te r i a l .  

R e s ~ l l t s :  The autoradiograms made from t h e  shoo t s  gave no evidence '  

t h a t  r a d i o a c t i v e  phos3horus had been washed from t r e a t e d  t o  unt rea ted  

lr?avks, 

Differences  between t h e  amount of abso rp t ion  of phosphorus between 

t h e  d i f f e r e n t  v a r i e t i e s  were noted b u t  t hey  appeared t o  be r e l a t e d  t n  

maturitry u f  t h e  shoots  r a t h e r  than v a r i e t y .  Both of t h e  Del ic ious  

shoots  and one of t h e  Jonathan shoots  showed a concen t r a t ion  of phos- 

phorus !n t h e  expanding t e r m i n a l l e a v e s .  Nei ther  of t h e  matured 

Northern Spy shoo t s  showed evidence of whosphorus accumulation i n  

t h e  autoradioprams. One of - t h e  autoradiograms of t h e  matured McIntosh 

shoo t s  showed phosphorus concen t r a t ions  i n  t h e  stem and leaf p s t i o l e a .  



These r ~ . s u l t s  i nd ica t ed  t h e  need f o r  us ing  com7arable p l a n t  

m a t e r i a l  f o r  an  experiment because t h e  age o f ' t h e  p l a n t  mater i . a l  

a p p a r e n t l y . a f f e c t s  t h e  amount and manner of accumulation. 

Experiment X X V I  -- 
Object:  To .de tennine  whether l eaves  of d i f f e r e n t - v a r i e t i e s  of apples  . --.- 

and peaches absorbed rac1~~ophos:;~horus a t  d i f f e r e n t  r a t e s .  

Mater i-als  .-- and Methods: The seventh and e i g h t h  expanded l eaves  of 

f i v e  shoo t s  each of Del icious,  Jonathan, and IJcIntosh apple t r e e s  

and E l b e r t a ,  Halehaven, and sou th  Haven peach t r e e s  were dipped J u l y  

7, 1951, a t  10:OO A.1~1. i n  a 0.3 percent  s o l u t i o n  of phosphoric a c i d  

conta in ing  0.21 microcur ie  p e r  mi l l ig ram of ghosphorus and no we t t i ng  

agent.  The f o u r t h  and f i f t h  leaves  of f i v e  s h o o t s . o f  Northern Spy .  

a!)ple t r e e s  wtre dipped i n  t h e  ,same so lu t ion .  The shoots  were c u t  

a f t e r  26 hours.  

The t e n v e r a t u r e  was 8 0 O ~ .  a t  t h e  time t h e  leaves  were dipped. 

A maxi-mum temperature of 8 5 O ~ .  was reached before  r a i n  s t a r t e d  f a l l i n g  

a t  3:30 P.M. ''he r a i n  continued till 5:30 P.M. and i n t e r m i t t e n t  

showers f e l l  during t h e  ni-qht. 

Two shoots  of each varfety.  were used t o  make autoradi.ograms and 

t h r q e  shoo t s  were ashed t h e n  counted. t o  o b t a i n  t h e  t r u e  amount of 

r a d i o a c t i v e  phosphorus which had been absorbed. Before t h e  shoo t s  

were ashed, l eaves  s i x  through n ine  and t h e  correspondinp s e c t i o n  af 

t h e  stem were removed. The s e c t i o n  of t h e  shoot  above the  s i x t h  l e a f  

was des igna ted  the  t i p  and t h e  s e c t i o n  below t h e  n i n t h  l e a f  was 



I des igna ted  t h e  base.  Af te r  t h e  shoo t s  were d r i  ed, t h e y  were ground 

.in a Wiley mi.11.  A 0.85 Fram sample was ashed acc0 rd i .n~  t o  t h e  pro- 

cedure g iven  f o r  phosphorus a n a l y s i s  i n  t h e  A.O.A.C. ( 1 ). 

Results :  R e s u l t s  s h ~ i m  by t h e  autoradiograms .made from t h e  shoots  

a r e  descr ibed  f o r  each v a r i e t y  of f r u i t .  
- 

Maturat ion of t h e  t e m i n a l  buds of t h e  Del ic ious  shoo t s  had occur- 

red b u t  t h e  t e rmina l  l e a v e s  were not  expanded. The stem, l eaves ,  and 

aphids on t h e  younc l eaves  were v i s i b l e  i n  t h e  autoradiograms made 

from both shoots .  Phosphorus was more concentrated i n  t h e  bodies  of 

t h e  aphids t h a n  i n  t h e  shoots .  

The t e rmina l  buds of t h e  Jonathan shoo t s  had matured and t h e  

t e m i n a l  l eaves  were f u l l y  expanded. Autor.adlograms of both shoo t s  

showed the siem, and t h e  l e a f  p e t i o l e s .  A f a+-n t  out1.i.ne of a l l  Lha 

l eaves  above t h e  t r e a t e d  l eaves  was vi-si-ble i n  one of t h e  au toradio-  

grams b u t  on ly  a f a d n t  o u t l i n e  of t h e  youngest l e a f  was v i - s ib le  $n 

t h e  o t h e r  autoradiogram. 

The ter txsnal  buds of t h e  ;vfcIntosh shoo t s  hat1 mnt.urcd and Lyle 

t e m i n a l  l eaves  were expanded. Only a po r t ion  of t h e  stem n e a r  t h e  

t r e a t e d  l e a v e s  appeared i n  t h e  a.utoradiogram of one shoot whi.le the . 

o u t l i n e  of t h e  stem and some of t h e  l eaves  near the trea1;ed ones ap- 

peared t o  have been contaminated. 

Northern Spy shoo t s  were completely mature a t  t he  t ime of t r e a t -  

ment. The stem and t h e  l e a f  p e t i o l e s  were v i s i . b l e  i n  autoradiograms . 

made from both shoo t s  b u t  l e a v e s  above t h e  t r e a t e d  l eaves  were v i s i b l e  

i n  only  one autoradiogram, 



Figure  2. Autoradiogram of a Halehaven peach shoot  

showing d i s t r i b u t i o n  of radi. ophosphorus 
. . 

i n  t h e  shoot  subsequent t o  a p p l i c a t i o n  

of phosphoric a c i d  s o l u t i o n  t o  t h e  seventh 

and eighth leaves of t h e  shoots  





A l a r g e  accumulation of r a d i o a c t i v e  phosphorus occurred i n  t h e  

1 young expandi.ng l eaves  of t h e  growing F l b e r t a  shoo t s  and a l e s s e r  

1 .  concent ra t ion  occurred i n  t h e  o l d e r  leaves  and stems according t o  t h e  

autoradiograrns. 

Nore phosphorus had accuniulated j.n t h e  expanding shoot  t i p s .  of 

IIalehaven and 3.n thr? s t e u  t l ~ a n  h2d ai:curnulatcd QI tho! saiie %ineas of 

t h e  S l b e r t a  stems. An o u t l i n e  of t h e  o l d e r  leaves  was a l s o  v i s i b l e  

i n  t h e  autoradiop-am. See f i g u r e  2, 

South :-Ia?ren s h o o t s  were s t i l l  .yrowi.nz a t  t h e  t i n e  of t r ea tmen t  . 

bu t  t h e  r a t e  of crowth was not  a s  vigorous a s  t h e  preceding two v a r i -  

e t i e s  of peaches. The 'autoradiograms showed t h e  t e rmina l  l e a v e s  and 

stem but  no t  a s  c l e a r l y  a s  d id  t h e  autorc?di:ograms of E lhe r t a  and Hale- 

' haven, 

, From t h e  autoradi-ograms it can be concluded t h a t  a growing peach 

shoot  absorbs more phosphorus than  does a mature apple  shoot. Hm- 

eve r ,  it i s  p o s s i b l e  t h a t  t h e  d i r e c t i o n  of t r a n s l o c s t i o n  a f t e r  absorp- 

t i o n  m'sy be different i n  n mature 3hoot t han  Tpl a $rowing shoot. 

Count d a t a  from t h e  shoots  t h a t  were ashed arc presented i n  Table 

XXII. These r e s w l t s  a l s o  showed t h a t  t h e  growing peach shoots  i n  gen- 

c s a l  abslsi'!:c,!d u1ut.e i ~ h u s !  41orus t h a n  d i d  t h e  mature app le  s hoots. 'l'he 

nhosphorus content  from t h e  f o l i a g e  a p p l i c a t i o n  was found t o  be h ighe r  

i n  t h e  younFer t i-? a r e a  than  i n  t h e  o l d e r  base  a r ea ,  

Experiment XXVII - - 
ob jec t :  To determine whether t h e  accumulation of ~ 3 *  from ~3**:phos-  

phor i c  ac id  by d i f f e r e n t  f r u i t  v a r i e t i e s  va r i ed  wi th  t h e  s t a g e  of 

m a t u r i t y  of t h e  shoots ,  



TAHLJ3 X X I I  * 

C ~ P A R I S O N  OF ABSORPTION OF RADIOPHOSPHORUS APPLIED TO' THE 

SEVENTH AND EIGHTH LEAVES OF Q P L E  AND PEACH SHOOTS DURING 

JULY 

( ~ v e r a g e  Value. of: Three Shoots )  

- 

Var i e ty  R a d i o a c t i v i t y  i n  Counts per  Idinute pe r  1 gram Dry N t ,  
Tip Base 

Del ic ious  450.9 107.7 

Jonathan 123.9 64. lr 

McIntosh 

Northern ,Spy 

E l b e r t a  

!-Ialehaven 

South Haven 854.2 , 240.3 

Radioarltive counts  p e r  rninute i n  one m i l l i l i t e r  of t r e a t i n g  
s o l u t i o n  livere 15,b8Lie6 counts  per  minute. 



Mate r i a l s  and Xethods: The seventh and e i g h t h  expanded l eaves  of fj.ve 

shoo t s  'each of d e l i c i o u s ,  Jonathan, and LtcIntosh apple  t r e e s  and El- 

b e r t a ,  Halehaven, and, South Haven peach t r e e s  were dipped August 3 ,  

. 1951, a t  12:OO P.M. i n  a 0.3 percent  so1ut i .m n f  phosphoric a c i d  con- 

t a i n i n g  0.10 microcuri.es p e r  mil l igram of phosphorus and no we t t i ng  

apent  . The f i  ft.h and s i x t h  leave6 of Northern Spy welee d f  pyed i n  the 

same so lu t ion .  A hlgh temperature of 80'~. was reached during t h e  

day. A s t r o n g  .wind was blowing whi le  t h e  limbs were being dipped, 

The shoots  were c u t  a f t e r  1 2  hours. 

Two shoots  of each v a r i e t y  were d r i e d  under h e a t  lamps, and then  

used t o  make autorad?.ograms. Three shoo t s  of each v a r i e t y  were ashed 

:ind l ien.  comted t o  obtain Lhe t r u e  amount of radj-oact ive phos;jhorus 

whi.ch had been absorbed. Before t h e  shoo t s  were ashed, t h e y  were c c t  

above t h e  s i x t h  l e a f  and below t h e  n in th  l e a f  t o  remove t h e  t r e a t e d  

l eaves  and o the r  p o s s i b l e  contami.nation. The po r t ion  of t h e  shoot  

above t h e  s i x t h  l e s f  was desj.gnated t h e  t i p  whi le  t h e  p o r t i o n  of t h e  

shoot  below t h e  n i n t h  l e a f  wav considered t h e  baoe, The t i p  and Lase 

p ieces  were d r i e d  i n  a drying oven, and then  ground i n  a 'Niley m i l l .  

A 0.50-gram sample was ashed according t o  t h e  procedure g iven  f o r  

phnsphnr11:s anaLgrsi.~ i n  t h c  A. O.A. C. (1).  

Resul t s :  l~!aturation of t h e  t e r m i n a l  buds of t h e  apple  shoo t s  of a l l  

v a r i e t i e s  had occurred when thi.s experiment was s t a r t e d .  A l l  l e a v e s  

of t h e  shoo t s  were f u l l y  expanded a t  t h i s  t ime, 

S i m i l a r  r e s u l t s  were v i s i b l e  i n  a l l  t h e  autora.diogran1s produced 

from t h e  apple  shoots .  A f a i n t  o u t l i n e  of' t h e  stems was v i s i b l e  i n  



a l l  t h e  autoradiocrams whi le  a n  outlinc: of t h e  l e a v e s  was vr;.sj.lr;le,. i n  

some aut0ra.d-i.ograrns. S lack  s p o t s  on t h e  leaves ,  i n d i c a t i n ~  contaml.na- 

t i o n  [nay have been caused by t h e  wi.nd whi-pping t h e  shoo t s  a f t e r  t h e y  

were dipped. 

Maturat ion of t h e  t e rmina l  buds of t h e  p a c h  shoo t s  v a r i e d  wi th  

v a r i e t y  a t  t h i s  t ime.  No maturatiorl  had occurred i n  t h e  E l h e r t a  peach 

and t h e  shoo t s  were s t i l l  qror:ing. The young l eaves  and stems were 

c l e a r l y  o l l t l lned  i n  t h e  autoradiograms. . 

Tenninal buds of t h e  Nalaha.:ren .peach t r e e s  had matured b u t  elong- 

a t i o n  of t h e  stem was occurr ing  i n  most shoots .  A l l  of t h e  younger 

l eaves ,  midribs of o l d e r  l eaves ,  and a l l  of t h e  stem were v i s i b l e  i n  

t h e  a u t o r a d i o ~ r a m  made from one shoot. The o t h e r  shoot  had matured 
. . 

.and t h e  yolrnpcr l eaves  were only f a i . n t l y  v i s i b l e  i n  t h e  autoradiogram. 

Nei ther  t h e  stem nor  t h e  o l d e r  l eaves  were v i s i b l e  except  near  spo t s  

ind ica t5ng  contamin2tion. 

Shoots of S.outh Haven peach were completely matured, One shoot  

was v i s i b l e  i n  t h e  autoradiogram nea r  a dark  s p o t  i n d i c a t i n g  contam- 

-, I.,ation. .. The younzest  leaves  of t h e  o t h e r  shoot  were v i s i b l e  i n  t h e  

autoradiogram. 

These r e s u l t s  suggest  t h a t  t h e  e n t r y  of radiophosphorus i n t o  

pea.ch shoots  was j-nfluericed by t h e  m a t u r i t y  of' t h e  shoot ,  a s  was Pound 

wi th  shoots  of d i f f e r e n t  apple  v a r i e t i e s  5.n prev ious  experiments. 

I Thus .the r r e a t e s t  azcmula , t i on  of radj.ophosy;horus occurred i n  t h e  

I Elbe r t a  shoots  which were s t i l l  3.n a c t i v e  growth a t  t h e  t ime of t r e a t -  

ment. 



Radi.oact,j.ve count  d a t a  f o r  t h c  shoote  t h a t  we]-e ashed a r e  pre-  

s en ted  i n  Table X,UII. Considerable  v a r i a b i l i t y  e x i s t e d  among t h e  rep- 

l i c a t e s .  Translocated phos?horus from a f o l i a r  a p p l i c a t i o n  i n  August 

i n t o  a.pple and peach shoots  a p p ~ a r e d  t o  t:e s i m i l a r  j.n amount i n  t h e  

tc?m?.nal  r c ~ i o n .  The cmount of phosphorus, which had. been l;ranslocated 

i n t o  the  base of t h e  apple  shoo t s ,  appeared t o '  be greater ,  



TAELE. X X I I I  

COMPARISON OF ABSORPTI3N QF' 12&T)IOPtirJSi'.HOttUS i\PPLIEIl TO THE 

SEVFNTI-I AND EIGHTH LEAVES OF APPD? AND PF:?.CH SHOOTS* DURTNG 

AUGUST 
(Average 'Value of Three Shoots)  

Variety Rad ioac t iv i ty  i n  Counts p e r  Xinuke per  1 gram Dry W t .  
Tip Base 

Del ic ious  946.6 ' 1,346. Ir 

Jonathan l,b09.8 

1.IcIntosh 1,213.8 771.6 

Northern s p y  699.0 +t 

E l b e r t a  1,?h3t!1. 419.2 

Halehaven 610.1 350.1 

sou th  Haven 920.6 b30.0 

*Not enough p l a n t  m a t e r i a l  of base t o  weigh.and count  

Radioact ive colrnts pe r  minute i n  one m i l l i l i t e r  of t r e a t i n g  
s o l u t i o n  were 231,180. counts pe r  minute. 



V. DISCUSSION 

Duririr-; t h e  course of 'th:i.s r e sea rch ,  i t .  w a s  f'oi1,nd t h a t  ca l c iw . ,  

phosphorus and potassium w u l d  e n t e r  the. above?-ground por t sons  of 

f r u i t  t r e e s ,  Some of the! f a c t o r s  vrhi.ch may in f luence  t h e  e n t r y  of 

mi..neral n u t r i e n t s  i n t o  t h e  l eaves ,  twigs ,  and branches of f r u i t  t r e e s  

were s tudied .  These f a c t o r s  were: season of t h e  yea r ,  l eng th  of ab- 

s o r p t i o n  per iod ,  concen t r a t ion  of n u t r i e n t s ,  d i f f e r e n c e s  t~etween v a r i -  

c t i - e s ,  and method of app l i ca t ion ,  

Soma e n t r y  of mine ra l  n u t r i e n t s  occ:urred follow in^ an a p p l i c a t i o n  

.3f ~ 3 '  phosp )~or i c  ac id  o r  po tass i~ lm carbonate  t o  bark of twigs  o r  

branches of f ruj . . t  t r e e s  dilrinfl: t h e  dormant per iod.  The amount of 

en t ry ,  dur 'nr t h t s  do.mant pe r iod  a s  i nd ica t ed  by r a d i o a c t i v e  counts  

j.11 t h e  un t r ea t ed  po r t ions  of t h e  p l a n t s ,  was s m a l l  a s  t h e s e  counts  

were very  seldom twice  background. Ent ry  of radiophosphorus during 

May a f t e r  new r;rnwtlh oc~l.u'red, was vcry  l a r g e  ranging up t o  se-er-a1 

thcusand t!.rnes bacl.:ground count i n  t he  unt rea ted  port.;.ons of . p l a n t s  

when t h e  s o l u t i o n  was appl ied  t o  i n ju red  bark, when t h e  s o l u t i o n  was 

applied t o  ao t ton  Irauoc w r ~ p p e d  a ~ u u l l c l  l,111-! l imb o r  wheii the s 'o lu t ion  

was app l i ed  t o  co t ton  gauze over i n j u r e d  bark. Negl ig ib le  e n t r y  oc- 

cur red  a t  t h i s  t ime followj.ng a p p l i c a t i o n  of ~ 3 *  phos!.;horic a c i d  solu-  

t i o n  t o  unin jured  10-year-old berk b u t  s u f f i c i e n t  e n t r y  t o  produce 

counts  1 0  t o  15 t imes  background occurred when t h e  s o l u t i o n  was pa in t ed  

on unin jured  1-year-old bark, 



Others  who have worked wi th  e n t r y  of minera l  n u t r i e n t s  i n t o  dor- 

mant and growing t r e e s  have obtai.ned s i m i l a r  r e s u l t s .  Harley and Jef -  

f e r s o n  (30) found t h a t  a lmost  no e n t r y  occurred during t h e  dormant 

p e r i o d  but untlL,y d i d  occur a f t e r  a c t i v e  growth resumed i n  t h e  spr ing .  

3gge r t  (16) r epo r t ed  t h a t  e n t r y  of a  solut j .on conta in ing  r a d i o a c t i v e  

phosphorus t n t o  t h e  excised stem of a  McIntosh apple  t r e e  occurred 

only  a f t e r  t h e  buds of t h e  stem swelled. Movement of ru'r,idium R b  86 

i n j e c t e d  i n t o  t h e  t runk  of a ye l lmi  b i r c h  t r e e  was toward t h e  l eaves  

dur ing  t h e  gr0wS.n~ season and' toward. t h e  r o o t s  during t h e  dormant 

season according t o  F ra se r  and Liawson (23).  This  d i r e c t i o n a l  movement 

I 

# .  w i t h  t h e  seasons may be t h e  reason  a c t i v i t y  was not  found i n  some 

1 dormant season experiments a s  i n  most i n s t a n c e s  sampling was done 

atlove t h e  t r e a t e d  area. ra ther .  t han  toward t h e  r o o t s ,  

The d i s t r i . bu t ion  of phosphorus fol lowing f o l i a r  a p p l i c a t i o n  and 

p o s s i b l y  t h e  amount of e n t r y  were inf luenced by t h e  season  of t h e  

year .  D i f f e r e n t i a l  mob i l i za t ion  of phosphorus during a c t i v e  growth 

occurr8ed; t h u s  a concent ra t ion  of ~ h o s p h o r u s  was found i n  t h e  shoot  

t i p s .  Mobi l iza t ion  of :)hosphorus a f t e r  matura t ion  of t h e  shoots  was 

appa ren t ly  not  se lec t ive-  w i th in  t h e  shoots;  t hus  concen t r a t ions  of 

phosphorus i.n a  p a r t i c u l a r  reg ion  of t h e  shoot  d i d  not  occur. How- 

eve r ,  a t  t h e  time of shoot matura t ion  t h e  developing f r u i t  i s  rap id ly  

metaboli.zing phosphorus and movement of phosnhorus wh-lch e n t e r s  t h e  

p l a n t  i s  towards t h e  f r u i t .  Put it is  p o s s i b l e  t h a t  l e s s  e n t r y  of 

phosphorus ra . ther  t h a n  d i r e c t i o n  of movement a f t e r  e n t r y  exp la ins  why 

t h e r e  wa.s l e s s  phos!>horus i n  a  mature shoot  t i p  than  i n  young shoot  



t i p .  This idea i s  supported by t h e  f a c t  t h a t  s e v e r a l  workers (13, 51) 

have found t h a t  young leaves  absorb u rea  more. r e a d i l y  t han  do mature 

leaves.  

A d i f f e r e n c e  i n  d i s t r i b u t i o n  of phosphorus occurred when app l i ed  

t o  d i f f e r e n t  t i s s u e s  of p l a n t s .  l'hosphorus a r p l i e d  t o  expanding peach 

l e a v e s  d id  n o t  move out  of t h e  l eaves  while  phosphorus app l i ed  t o  t h e  

bark  a t  t h i s  t ime  d i d  move t o  t h e  l eaves  and t o  t h e  roots .  

Continued abso rp t ion  of f o l i a r  app l i ed  phosphorus was found up t o  

a pertod of 24 hours ,  t h e  l onges t  i n t e r v a l  used i n  t h e  experiments i n  

t h i s  proeject .  However phosphorus absorp t ion  cont inues  over  a longe r  

per iod.  Mayberry (41) found t h a t  absorp t ion  was s t i l l  occurrj.ng a f t e r  

160 hours  follovting a  r ap id  i n i t i a l  i n t ake .  Absorption cont inuing  

over a  30-day pe r iod  fol lowing a foliate a p p l i c a t i o n  of r a d i o a c t i v e  

phosphorus was . repor ted  by  Eggert (16) ,  

Resu l t s  obta'.ned concerni.ng e n t r y  f  ollowi_n,s bark app l i ca  ti.on of 

~ ' 3 *  phosphoric nci.d were of a  c o n f l i c t i n g  na ture .  Decreased en t ry ,  

no e f f e c t ,  and i.ncreas6d e n t r y  wi th  i n c r e a ~ i . n g  t ime i n t e r v a l s  occurred 

i n  d i f f e r e n t  experi.ments.. Phosphorus appl ied  t o  10-year-old l imbs of 

South Haven peach t r e e s  showed i n  a .utora.dio~rams t h e  h ighes t  radio-  

a c t i v i t y  i n  phloem t i s s u e  a f t e r  6 and 16 hours  fol lowing t rea tment ,  

The amount of r a d i o a c t i v i t y  decreased a s  i nd ica t ed  by t h e  amount of 

exposure of t h e  f i lm  between each success ive  sampling a t  24, 44, and 72 

hours. The l e v e l  of r a d i o a c t i y i t g  found i n  l-year-oldwFcj$,ions of 
, * 

Halehaven peach limbs was n e a r l y  t h e  same when samples were t ~ k e n  .at 

6, 2b, and 53 hours fol lowing an a p p l i c a t i o n  of s o l u t i o n  t o  t h e  2-year- 



old  po r t ions  of t h e  limbs. Increased  e n t r y  from 12  t o  192 hours a f t e r  

t rea tment  occurred i n  agple limbs. 

Rapid i n t i i a l  i n t a k e  followed by movement of t h e  phosphorus t o  

areas .  of ~ ~ l o b i l i z a t i o n  may be t h e  explana t ion  of t h e s e  r e s u l t s .  Rapid 

i n t a k e  was shown b,v t h e  h igh  l e v e l s  of radioghosphorus which occurred 

6 hours  a f t e r  t rea tment  of 2-year-old Walehaven l imbs and of 10-year- 

old South Haven ltmtm. Trans loca t ion  fol lowing t h i s  e n t r y  would e x p l a i n  

why t h e  r a d i o a c t i v i t y  l e v e l  i n  samples which were ad jo in ing  t h e  t r e a t e d  

a rea  dropped i n  t h e  10-year-old peach limbs. However, t h e  rad io-  . 

a c t i v i t y  i n  t h e  l-year-old limbs of Halehaven peach came from t r a n s -  

l c c a t i o n  of P~~ phosphorus follow;.ng e n t r y  and no t  from e n t r y  of P 32 

phosphorus a lone  thus  t h i s  r a d i o e c t l v i t y  might be l e s s  s u b j e c t  t o  

f u r t h e r  t r a n s l o c a t i o n  than  would be r a d i o a c t i v i t y  from radiophosphorus 

vr'nj-ch had en te red  t h e  p l a n t  bu t  which had not  been t r a n s l o c a t e d  from 

t h e  s i g h t  of en t ry .  The r a d i o a c t i v i t y  l e v e l  i n  t h e  p a r t s  of t he  apple  

l imbs most d i s t a n t  from t h e  p o i n t  o.f ap ,p l ica t ion  increased  because of 

LI-anslocation t o  t h e s e  reg?.oris, 
. . 

I n  order  t o  determi.ne t v h ~ t h e r  t he  concen t r a t ion  of t h e  phosphoric  

ac id  wauld in f luence  t h e  r a t e  of e n t r y ,  0.3, 2.0, and 8.0 percent  so l -  

u t i o n s  of phosphoric a c i d ,  which had t h e  same r e l a t i v e  s p e c i f i c  ac t iv -  

i t y  of rad-ioactive phosphorus, were appli.ed t o  l-year-old l imbs of 

Halehaven peach t r e e s .  Very l i t t l e  e n t r y  .occurred wi th  .any concen- 

t r a t i o n .  This  response probably occurred because t h i s  experiment was . 

done during e a r l y  December. However, no increased  e n t r y  occurred wi th  

t h e  h iphe r  concen t r a t ions  s o  t hey  were n o t  used i n  f u r t h e r  experiments. 



Seve ra l  experiments were conducted t o  de t e rn ine  whether t h e r e  was 

a d i f f e r e n c e  i n  response t o  fo l ; . a r  appl ic t? t ion  of phosphoric a c i d  by 

d i f f e r e n t  f r u i t  v a r i e t i e s .  V a r i e t i e s  used were Del ic ious ,  Jonathan, 

14cIntosh, and Northern Spy apples  and Klberta ,  Halehaue, and South 

Haven peaches. I n  experiment X V I I I ,  i t - w a s  found t h a t  t h e  r e t e n t i o n  

of phosphoric a c i d  by t h e  .lea.ves of app le ,  peach, pear;sour cher ry ,  

and sweet cherry., d i f f e r e d .  ~ i f f e r e n c e s  observed i n  absorp t ion  of 

phosphorus by t h e  d j - f f e r en t  v a r t e t i a s  appeared t o  b e  more c l o s e l y  

c o r r e l a t e d  w i t h  m a t u r i t y  of t h e  shoot  t h a n  w i t h  v a r i e t y .  This  r e s u l t  

was more c l e a r l y  i l l u s t r a t e d  i n  t h e  autoradiograms than  it was i n  

count da ta .  Autoradi.ograms made from s h o o t s  which were s t i l l  .growing 

produced a  much da rke r  image on t h e  X-ray negat ive  than  d id  mature 

shoots .  

E f f ec t ive  means f o r  i nc reas ing  t h e  amount of n u t r i e n t s  which en- 

t e r e d  t h e  p l a n t  were ( a )  i n j u r i n g  t h e  p l a n t ,  ( b )  using a  c o t t o n  gauze 

t o  hold t h e  s o l u t i o n ,  and ( c )  using hydrated l ime t o  ob ta in  an increas-  

ed depos i t .  Harley and Je f f e r son  ( 3 0 )  r epo r t ed  e n t r y  i n t o  stems .and 

branches ~ h i c h  were mechanical ly  i n ju red .  Resul t s  obtained i n  some of 

t h e  experiments of t h j . s  p r o j e c t  confirm those  obtained by I-larley and 

Je f f e r son  bu t  t h e  in f luence  of t h e  seayon of t h e  year  and t h e  a c t i v i t y  

of t h e  p l a n t  were found t o  be g r e a t e r .  Curing the  dormant season,  in -  

crea.sed e n t r y  was not  noted fol lowing mechanical i n j u r y  al though more 

m a t e r i a l  adhered t o  t h e  branches. Jncreased e n t r y  fo l lowing  mechanical 

i n j u r y  was noted i n  t h e  s p r i n g  a f t e r  a c t i v e  growth of t h e  t r e e  had oc- 

curred.  Var i a t ions  i n  r e s u l t s  obtained between r e p l i c a t i o n s  i n  some 



bark  absorp t ion  s t u d i e s  may have occurred because of growth c racks  o r  

i n s e c t  and d i sease  damage. 

A v e r y  e f f e c t i v e  method f o r  i nc reas ing  t h e  amount of phosphorus 

t h a t  en tered  a p l a n t  was t o  s a t u r a t e  a s t r i p  of co t ton  gauze which had 

been wrapped around t h e  stem. This  procedure proved t o  be more ef- 

f e c t i v e  than  scrapl.ng o r  i n j u r i n g  the  shoo t s  o f . a p p l e  t r e e s  t o  s t i m u l a t e  

en t ry ,  Increased e n t r y  of phosphoric ac id  t o  t he  e x t e n t  t h a t  t o x i c i t y  

was produced, occurred when a gauze was wrapped around an  a r e a  of a 

shoot  which had been p rev ious ly  scraped. A p ink  d i s c o l o r a t i o n  of t h e  

phloem t i s s u e s  of t h e  shoo t s  occ.urred, which was a symptom of t o x i c  

: ~ i l e  t h e  procedure of sc rap ing  ,and providing a r e s e r v o i r  f o r  

cont inued absorp t ion  was only  of an experimental  na tu re ,  it may ex- 

p l a i n  why J?ors;ytht s compound was effectS.ve. One of t h e  f i r s t  p o i n t s  

s t r e s s e d  by Forsyth f o r  t h e  u s e ' o f  h i s  compound was t h e  need t o  s c rape  

down t o  l i v i n g  t i s s u e  be fo re  makina an applicat-Lon. Another reason 

why t h e  compound may have been s u c c e s s f u l  was t h a t  i n  t h e  mois t  c l imate  

of England t h e  manure and wood ash mixture might s t a y  almost  con- 

t i n u o u s l y  wet. Thus t h e  two cond i t i ons  which promoted t h e   rea ate st 

e n t r y  i n  Experiment XVI were f u l f i l l e d  by Forsy thf  s method. 

Entry of radiopotassi..i.~m ' i n t o  l eaves  av:!eared t o  be c o n t r o l l e d  by 

t h e  amount of cont,act between .the appl ied  K~~ potassium carbonate  and 
af  

t h e  l e a f  epidermis.  Thus inc reased  absorp t ion  of potassium by peach 

and sou r  c h e r r y  l eaves  occurred when hydrated lime was' added t o  a so l -  

u t i o n  alone.  Grea ter  absorp t ion  of potassium by app le  l eaves  occurred 



when t h e  sol11tj.on r a t h e r  t han  t h e  lime s lu.rry w a s  used. The pubescence, 

of t h e ' a p p l e  l eaves  prevented c o n t a c t  of t h e  lime s l u r r y  w i t h  t h e  ep i -  

dermis. Conversely, t h e  pubescence of app le  l e a f  was e a s i l y  wet ted by 

' and sour  c h e r r y  l e a v e s  we& n o t  e a s i l y  wet ted.  

.Concent ra t ions  of chemicals h ighe r  t han  t h e  0.3 percent  s o l u t i o n s  

used f o r  f o l i a r  a p p l i c a t i o n  would be necessary  i f  the  minera l  n u t r i e n t  

requirements  of a  f r u i . t  t r e e  were t o  be suppl ied  by a  dormant spray, 

Therefore a  s e r i e s  of experiments .were conducted t o  determine t h e  

t o l e r a n c e  of McIntosh apple  and Montmorency sou r  che r ry  t o  d i f f e r e n t  

l e v e l s  of n u t r i e n t  sprays  whi le  t h e  t r e e s  were dormant and whi le  t h e  

buds were i n  t h e  green  t i p  s t a g e ,  

The chemicals used ranped wide ly  i n  t h e i r  p h y t o t o x i c i t y  w i th  

concent ra t ton ,  p l a n t  m a t e r i a l ,  and growth s tage .  No i n j u r y  was fourid 

wi.th t h e  2 o r  4 pe rcen t  c  ~ n c e n t r a t i o n s  a.nd on ly  r a . r e ly  w i t h  t h e  8 per-  

c e ~ t  concent ra t ion  of any of t h e  m a t e r i a l s .  . IIr.)welrer, t he  16 and 32 

pe rcen t  concent ra t ions  o f , t h e  chemicals o t h e r  than  potassium n i t r a t e  
- .  . . 

caused varying degrees of i n j u r y .  

It was determi.ned t h a t  t h e  i n j u r y  produced by 32 pe rcen t  NuGreen 

w a h  ~t:ltiLttd Lu Llie L.Lintt u f  appllcct L:l.ori . to 't;kte apple. Buds and some 

smal l  l imbs of 2-year-old EdcIntosh t r e e s  were k i l l e d  when t h e  t r e e s  

were sprayed whi le  dormant. This  same s o l u t i o n  when a p p l i e d  t o  t h e  

t r e e s  when the  buds were i n  t h e  green t i p  s t a g e  was  n o t  i n j u r i o u s .  The 

same e f f e c t  was produced by a  spray  of a  20-20-20 f e r t i l i z e r  a t  t h e  32 

percent  concent ra t ion  bu t  t o  a  l e s s e r  degree. This  i n j u r y  was probably 



caused by u rea  t o x i c i t y  s i n c e  NuGreen i s  a commercial p repa ra t ion  of 

urea ,  S insvark ,  i,V"lltwe.r, and. Tukey (31) have determined t h a t  apple 

twigs a r e  capable of r a p i d  hydro lys i s  of urea.  Rapid hydro lys i s  of 

urea  dur ing  t h e  dormant per iod  when u t i l i z a . t i o n  of n u t r i e n t s  was low 

may have r e s u l t e d  i n  t o x i c  l e v e l s  of n i t rogen  compounds accumulating 

wi th in  t h e  p l a n t .  During t h e  growing season, . t h e s e  m a t e r i a l s  would 

be u t i l i z e d  and s o  n o t  accumul'ate t o  t o x i c  l e v e l s .  

Urea i n j u r y  of t h e  s o u r  che r ry  showed as a form of c h l o r o s i s  h.f 

t h e  l eaves  i n  whFch t h e  margins turned  yellow. This  in- jury occurred - 
where 16 and 32 percent  s a l u t i a n s  of NuGreen o r  20-20-20 f e r t i l i z e r  

n e r e  usedo 

. ,The  15 and 32 percent  s o l u t i o n s  of calci.um c h l o r i d e  ,and phosphoric 

ac id  were t h e  most phytotoxic .  The i n j u r y  produced by t h e  two h ighe r  

concent ra t ions  of calcium c h l o r i d e  a1:peared t o  be a form of des i cca t ion .  

%'hen t h e  buds of t h e  s o u r  che r ry  were exami.ncd, mu l t ip l e  l a y e r s  of what 

appeared t o  be bud. s c a l e s  were found t o  be dehydrated immature leaves ,  

Terminal buds were destroyed o r  i.nh'ibited,.by t h e  high concen t r a t ions  

of calcium chlor ide .  Phos?horic a c i d  destroyed t h e  buds and the  t i s s u e s  

. near  t h e  buds when app l i ed  a s  a 16 o r  32 pe rcen t  s o l u t i o n .  Shrunken 

areas .  around t h e  buds ,and l e a f  s c a r s  nere t h e  t y p i c a l  i n j u r y  produced 

i n  t h e  1\4cIntosh t r e e s .  Buds on t h e  s o u r  che r ry  t r e s s  were a l s o  de- 

s t royed .  I n  both app le  and s o u r  c h e r r y ,  l a t e r a l  buds were destroyed;  

whi le  buds .  -i.n t h e  term,i n a l  posj.tion were n o t  a s  r e a d i l y  destroyed.  

Af t e r  e n t r y ,  d i s t r i b u t i o n  of phosphorus and potassium was .found 

t o  d i f f e r .  Phosphorus tended t o  accumulate i n  t h e  rapi.dly. growing 



reg ions  whi le  ~o ta s .5 ium tended t o  have even d i s t r i b u t i o n  throughout  

t h e  shoots .  Sim3.lar r e s u l t s  were found by Mayberry (41)  workin? w i t h  

beans and squash. 

From the  r e s u l t s  obt,ai.ned i.n t h i s  p r o j e c t ,  it would sewn t h a t  

sprays  of u rea  o r  o t h e r  mi.nera1 n u t r i e n t s  would be most s u c c e s s f u l  

i f  they  were app l i ed  a s  a delayed dormarit spray. -4t t h i s  time, t h e  

danger from urea  hydro lys i s  without  u t i l i ~ ~ a t i o n , .  has  passed. Also, 

before  t h i s  t ime it was found t h a t  very  l i t t l e  abso rp t ion  of minera l  

n u t r i e n t s  occurred. 

If t h e  n u t r i e n t  spray- i s  combined wi th  t h e  r e g u l a r  p e s t  c o n t r o l  

sprays,  t he  c o s t  of a p p l i c a t i o n ' i s  n e z l i z i b l e .  It would save t ime and 

money by e l iminz t ing  a  spec i .a l  t r i p  t h r o i ~ ~ h  t h e  or'chard t o  d i s t r t b u t e  

f e r t i l i z e r .  Even thouch t h e  percent  of n u t r i e n t s  absorbed d i r e c t l y  by 

t h e  t o p  of t h e  t r e e  may be small ,  t h e  mat .?r ia l  no t  absorbed .would be 

washed t o  t h e  gro-md by r a i n  and thus  become a v a i l a b l e  t o  t h e  p l a n t s  

through t h e  roo t s .  

One of t h e  major reasons  f o r  dormant s p r a y s  mj.,aht be t o  promote 

recovery  of w.i.nter i .njured t r e e s ,  Pa r t r i dge  (46) observed t h a t  peach 

t r e e s  which had been damaged by  cold o f t e n  exh ib i t ed  symptons of po- 

tassium def ic iency .  This i n j u r y  r e s u l t s  from an i m ~ a i r e d  conductive 

system r a t h e r  t h a n  l a c k  of potassium i n  . t h e  soi-1. tiere an a p p l i c a t i o n  

of potassium t o  t h e  above-ground p a r t s  of t h e  t r e e ,  by  r e l i e v e i n g  t h e  

potassium defi.ci.ency, ' n a y  promote f a s t e r  recovery of t h e  t r e e .  The 

g r e a t e s t  e f f e c t  on t h e  recovery  probably wo~i ld  occur fo l lowing  a  

delayed dormant spray ,  



1, In a series of e,xperi.ments, t he  Leaves and t h e  bark of shoo t s  
l 

and branches.of  s e v e r a l  t y?es  of f r u i t  t r e e s  were t r e a t e d  with s o l -  

u t i o n s  conta in ing  rodi ,oact ive caloiula ( ~ a 4 5 ) ,  radioactive phosphorus 

4 2 ( ~ 3 ~ ) )  and r e d i o a c t i v e  potassium ( K  ) and wi th  s o l u t i o n s  of o t h e r  

m a t e r i a l s .  Most of t h e  experiments  were undertaken t o  s tudy  t h e  r a t e  

and e x t e n t . o f  abso rp t ion  and subseauent t r a n s l o c a t i o n .  

2. Methods of apply ing  t h e  s o l u t i o n s  va r i ed  with t h e  m a t e r i a l  under 

study. F o l i a r  t rea tments  were made by dipping .the leaves  i n t o  a bealter 

coritaining t h e  s o l i ~ . t i o n .  Ba.rk t r ea tmen t s  were made b y  (a)  pa ln t ing  

t h e  s o l u t i o n  on t h e  limb wi th  a brush,  (b )  soaking a p i ece  of c o t t o n  

gauze wrapped around t h e  limb with t h e  s o l u t i o n ,  o r  ( c )  s_nraying t h e  

s o l u t i o n  onto t h e  plant,. 

3 ,  Leaf and growing shoot  samples were d r i e d ,  ground, and prepared 

f o r  a n a l y s i s  by t,he met-hnris rz~t,l?~ne,d i n  t,hc A.0 .A .C .  (1 ) .  Woudy 

scmples were c u t  i n t o  sma l l  p ieces  and then  d r i ed .  To i n s u r e  t h e  

p e n e t r a t i o n  of t h e  magnesium n i t r a t e  used. i n  phosi~horus a n a l y s i s ,  

e x t r a  hydrochloric  nei.d was added Lu L t ~ e  woody s a p l e .  

4. Rad ioac t iv i ty  i n  t h e  samples was measured d . i r e c t l y  by t h e  use 

of a T race r l ab  Autoscaler ,  o r  it was measured i n d i r e c t l y  by t h e  use  

of Autoradiograms. 

5 .  The bark s u r f a c e  a rea  of a 25-year-old McIntosh apple  t r e e  was 

found t o  be 86 square meters.  Of t h i s  t o t a l  a r ea ,  35.7 percent  



occ i~ r red  on limbs of 6 mi l l ime te r s  o r  l e s s  i n  diameter  and 53.7 per- 

cen t  occurred on ltmbs of 10 mi. l l imetors  o r  l e s s  i n  diameter.  

6. Methocel 4000 c.p.s. was t h e  most e f f e c t i v e  of t e n  s t i c k i n g  o r  

we t t i ng  agen t s  whj-ch were t ~ s L e d  by t h e  amount of a 5 percent  s o l u t i o n  

of ~ 3 *  .phosphoric ac id  which adhered t o  s e c t i o n s  of: Tvlclntosh water  

s p r o u t s  

7. Calcium ch lo r ide ,  phosphoric aci.d, potassium n i t r a t e ,  NuCreen, 

and a  20-20-20 f e r t i l i z e r  a s  2,  b ,  8, 16, and 32 percent  so l i l t i ons  

were sprayed on l-jrear-old Montrnorency cher ry  t r e e s  and 2-year-old 

McIntosh apple t r e e s .  spraying  wa.s done e i t h e r  when the  t r e e s  were 

dormant o r  when t h e  buds were i n  t h e  ? reen  t i p  sta.ge. Injury. t o  t h e  

t r e e s  was found t o  depend upon concen t r a t ion  of s o l u t i o n ,  s t a g e  of 

growth, and t y p e  of t r e e  bu t  i n j u r y  r a r e l y  r e s u l t e d  from any m a t e r i a l  

used a t  a concent ra t ion  of 8  percent  o r  l e s s .  

8, Some evidence of e n t r y  of radivo~>otassium throuyh.  8- t o  10-year- 

old hark of a .pp l~ :  and peach li-mbs dur ing  the.  dormant oer iod.  On t h e  

o t h e r  hand, milch g r e a t e r  e n t r y  of radiopolass iur~~ occurred through bark 

of a c t i v e l y  ,?raving 2-year-old apple  t r e e s  i n  t h e  greenhouse. 

9. Radiophosphorus en tered  2-year-old peach limbs f o l l o ~ r i n g  a  dormant 

a ~ p l i c a t i o n  of phosphoric ac id .  Approximately t h e  same amului,f; of 

radiophosphorus was found i n  un t r ea t ed  po r t ions  of t h e  limbs whether 

ci l t ,  6, 2h, o r  48 hours- a f t e r  t reatment .  No apprec i ab le  d i f f e r e n c e  was 

found i n  t he  amount of e n t r y  from 0.3, 2.0, o r  8.0 percent  phosphoric 

a c i d  ap? l i ed  t o  t h e  bark. 

10. Radioghosphorus en tered  8- t o  10-year-old South Haven peach limbs 

when a  s o l u t i o n  of phosphoric ac id  was appl ied  i n  c o t t o n  gauze t o  the 



bark  dur ing  t h e  dormant season. Autoradiograms showed t h a t  t h e  g r e a t -  

e s t  amount of phosphorus was i n  t h e  phloem t i ssue?  near  t h e  p o i n t  of 

a p p l i c a t i o n  6 and 16 hours  a f t e r  t h e  s o l u t i o n  was applied. 

11. Radiophosphorus was found t o  have en te red  3-year-old apple  l imbs 

fol lowing a p p l i c a t i o n  of phosphoric a c i d  t o  gauze wrapped around t h e  

limbs dur ing  t h e  dormant season. I n j u r y  i n  t h e  t r e a t e d  a r e a  d i d  no t  

seem t o  s t i m u l a t e  e n t r y  dur ing  t h e  dormant per iod,  

12, Radiophosphorus en tered  through t h e  s i d e s  of a tomato stem i n  a 

l a r g e r  amount when t h e  solut i .on was app l i ed  t o  gauze wrapped around 

t h e  stem r a t h e r  than  when t h e  s o l u t i o n  was brushed on t h e  stem. A t  

t h e  three temueratures  used i n  thi:s ex?eriment, 50°, 6509 and 8 5 O ~ . ,  

g r e a t e r  e n t r y  occurred wi th  e a c h . i n c r e a s e  i n  temperature.  . '  

13. Radiocalcium en te red  .2-year-old McIntosh apple t r e e s  when calcium 

c h l o r i d e  was sprayed onto t h e  bark whi.le t h e  t r e e s  were dormant. Great- 

e r  e n t r y  occurred !nto t r e e s  grown on minus calcium n u t r i e n t  s o l u t i o n  

than  i n t o  t r e e s  grown on complete n u t r i e n t  so lu t ion .  

1 NuGreen and a 15-30-15 f e r t i l i z e r  were sprayed on to  Montmorency 

t r e e s  which were i n  t h e  green t i p  s tage .  A g r e a t e r  i nc rease  i n  circum- 

f e rence  was made by t h e  t r e e s  r ece iv ing  f e r t i l i z e r  t han  was made by 

t h e  non- fe r t i l i zed  check t r e e s .  

15. Radiophosphorus en t e red  1-year-old water  s p r o u t s  and 10-year-old 

l imbs of J e f f e r i s  apple  t r e e s  when a s o l u t i o n  of phosphoric a c i d  was 

app l i ed  t o  t h e  bark dur ing  t h e  growing season, i n  May 1953. The amount 

of e n t r y  as i n d i c a t e d  by r a d i o a c t i v e  counts  pe r  minute i n  un t r ea t ed  new 

growth was 195-339 when t h e  s o l u t i o n  was a!)plied t o  undama.ged shoots;  



9,199-11,085 when t h e  s o l u t i o n  was app l i ed  t o  c o t t o n  gauze over i n t a c t  

hark;  3,090-7,Sbl when t h e  s o l u t i o n  was app l i ed  t o  scraped bark; and 

368 ,177-~23 ,81~  when t h e  s o l u t i o n  was appl ied  t o  c o t t o n  gauze over 

scraped bark, 

16. Ra,dio~hosphorus d i d  not  move from t h e  expanding E l b e r t a  pe?.ch 

l eaves  t h a t  had been t r e a t e d  w i t h  phosphoric ac id .  Movement was found 

.when t h e  s o l ~ i t i o n  was appl ied  t o  both t h e  expanding l e a v e s  and t h e  bark 

o r  t o  t h e  bark  alone,  

1 .7  The amount of radiophosphoric  acid,  which was r e t a i n e d  b y  t h e  

l eaves  of apple ,  peach, pear ,  sour  cherry,  and sweet c h e r r i e s ,  was 

found t o  d i f f e r  w i th  t h e  g rea . t e s t  amount being r e t a i n e d  by apple  

l eaves  and t h e .  s m a l l e s t  .&mount by peach leaves .  E f f i c i ency  'of  t r ans -  

l o c a t i o n  a l s o  va r i ed  wi th  t h e  g r e a t e s t  percentage of t r a n s l o c a t i o n  

occurr ing i n  t h e  soilr che r ry  an6 t h e  sma l l e s t  percentage i n  t h e  sweet 

cher ry*  

18. Radiopota.ssium en te red  peach and sour  cherry- shoots  from a f o l i a g e  

a p p l i c a t i o n  i n  a g r e a t e r  amount when t h e  potassium carbonate  was ap- 

p l i e d  t o  t h e  l eaves  i n  a l ime s l u r r y  r a t h e r  t han  a s  a 0.3 percent  so l -  

u t ion .  The r e v e r s e  was t r u e  of apple  shoots  a s  t he  g r e a t e r  e n t r y  oc- 

curred when t h e  l eaves  viere d.ipped i n  s o l i ~ t i o n  r a t h e r  t h a n  i n  the  

s l u r r y s  

19. D i s t r i b u t i o n  fo1lowin.g e n t r y  of f  o l i a r  appl ied  radiophosphorus 

and ra.diopotassium was found t o  d i f f e r .  Phosphorus accumulated i n  t h e  

r a p i d l y  growing a r e a s  of t he  shoo twh i - l e  t h e  d i s t r j b u t i o n  of potassium 

wa,s charact .er i .s t j .cal ly  more uniform i n  t h e  shoots.  



20. Radiophosphorus en tered  McIntosh apple .  shoots  f o r  a t  l e a s t  24 

hours  a f t e r  a s o l u t i o n  of phosphoric ac id  was a p p l i e d  to. t h e  leaves.  

, This  was t h ~  longes t  per iod  of t ime f o r  f o l i a r  e n t r y  i n  t hese  exper i -  

mcnts . 
21. Radiophosphorus e n t r y  and subsequent d i s t r i b u t i o n  was found t o  be 

inf luenced  v e r y  l i t t l e  by whether the  shoot was g i r d l e d  o r  no t  g i r d l e d ,  

wh.ether t h e  shoot  was t e r m i n a l  on 2 primary. o r  a. secondary bra.nch, o r  

a h e t h e r  t h e  shoo t  was , i n  a. h o r i z o n t a l  o r  v e r t i c a , l  pos i t i on .  

22. Rad.j.ophosphorus en t e red  McIntosh apple  f r u i t  a f t e r  t h e  a p p l i c a t i o n  

of !:hosphor.ic a c f d  t o  t he  l eaves  of t h e  spur  on whl.ch t h e  f r u i t  was 

growj-ng. Concent.rat,ions of r ~ d i . o ~ h o s ? h o r u s  were . v i s i b l e  i n  t h e  auto- 

radiogram in t h e  ,seeds, i n  t h e  v a s c u l a r  syst&m, and a t  t h e  perphery 

of t h e  f r u i t .  

23. TO f  Fnd whether d i f f e r e n t  p l a n t s  absorbed radiophosphorus a t  d i f  - 
f e r e n t  m t e s ,  s o l u t i o n s  of phosphoric m i d  were appl ied  t o  t h e  lezves  

of shoots  of Del ic ious ,  Jonathan, McIntosh, and Northern Spy app le s  

and ~ l b e r t a ,  Halehaven, and South Haven peaches. Ma tu r i ty  of t h e  

shoo t s  r a t h e r  than  v a r i e t y  of t h e  shoots  appeared t o  be t h e  p r i n c i p l e  

cause of va r i a t i on .  
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