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Leaf ,  tw ig  and f ru i t  s a m p l e s  w e r e  c o l le c ted  f rom  15 N o r th e r n  Spy 

t r e e s  in e a c h  of 18 o r c h a r d s  loca ted  in the m a j o r  app le  p rod u c in g  a r e a s  of 

Michigan .

T w ig  s a m p l e s  c o n s i s t in g  of the 1957 shoot growth  w e re  co l le c ted  in 

M a r c h  1958. The a v e r a g e  length of t e r m i n a l  growth  was  m e a s u r e d  and the 

a v e r a g e  d ry  weight p e r  c e n t i m e t e r  of growth  w as  c a lc u la te d  a s  a b a s i s  of 

twig v igor .  The  p e r c e n t  of n i t ro g en  and p o ta s s iu m  in the twig s a m p l e s  was  

d e te r m in e d .

L e a f  s a m p l e s  w e r e  co l lec ted  in July 1958 and ana lyzed  fo r  n i trogen, 

pho sp h o ru s ,  p o ta s s iu m ,  ca lc ium ,  m ag n es iu m ,  m anganese ,  iron,  co p p er  and 

boron.

F r u i t  s a m p l e s  w e r e  co l le c ted  at  h a r v e s t  and s t o r e d  a t  room  t e m ­

p e r a t u r e  fo r  two w eeks .  The  s a m p l e s  w e re  weighed and then eva lua ted  fo r  

e x t e r n a l  and in te rn a l  pit t ing.  A sec t ion  was  r e m o v e d  f rom  the c e n t e r  s l ice  

of each  apple .  The  f ru i t  s am p le  w as  ana lyzed  fo r  the s am e  nine e le m e n t s  

a s  the le av es .

The  15 t r e e  p lo t s  in e ac h  of 16 c o m m e r c i a l  o r c h a r d s  w e re  div ided 

into t h r e e  b locks  of five t r e e s  each.  Five  t r e e s  r e c e iv e d  one pound of bo r ic  

ac id  p e r  100 ga l lons  of s p r a y  six w eeks  following full bloom.  F ive  t r e e s  r e ­

ce ived  two ap p l ica t io n s  of ca lc ium  n i t r a t e  at one pound p e r  100 gal lons  of
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spray  at four and s ix  w eek s p r ior  to harvest* F ive  tr e e s  w ere not treated .

A n a ly s is  o f varian ce  on the p ercen tage of fruit fr ee  of b itter  pit 

found in the 16 co m m erc ia l orch ard s showed there w ere  no sign ifican t d iffer ­

e n c es  due to trea tm en ts. A sign ifican t d ifferen ce at the one p ercen t lev e l 

did e x is t  betw een orch ard s. The in teraction  betw een treatm en ts and location s  

w as not sign ifican t.

C orrelation  co e ffic ien ts  w ere  calculated by orch ard s for 23 m easu red  

v a r ia b les  on each  o f 17 orchards, and 20 v a r ia b les  on one orchard  again st the 

p ercen tage o f b itter  p it free  fruit. A ll v a r ia b les  showed a sign ifican t c o r r e la ­

tion in at le a st  one or  m ore orch ard s with the exception  of the p ercen t of 

m an ganese in the lea f sam p les.

C orrelation  co effic ien ts  w ere ca lcu lated  for 23 ob servation s on 250 

tr e e s  against the p ercent of b itter pit free  fruit. The r e su lts  showed that the 

p ercen t of b itter  p it in crea sed  as  the w eight of the fruit in creased , a s  the 

p ercen ta g es  of boron and potassium  in the lea v es  in crea sed  and a s  the p e r ­

cen tages of boron, p otassiu m , nitrogen and phosphorus in the fru its  in creased .

The p ercen t of fru its  with b itter  pit d ecreased  as the p ercen tages of 

m agnesium  and m anganese in the lea v es  in creased  and as the p ercen ta g es of 

calcium  and m anganese in the fru its  in creased .

Inform ation obtained in rela tion  to recen t changes in cu ltural
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p r a c t i c e s  in d ica te s  that  w id e s p r e a d  use  of p o ta s s iu m  f e r t i l i z e r s  i n c r e a s e d  

n i t r o g e n  app l ica t ions  and inadequate  use  of l ime m a y  be r e s p o n s ib l e  for 

the i n c r e a s e d  o c c u r r e n c e  of b i t t e r  pit  in r e c e n t  y e a r s .  The r e la t i o n s h ip s  

found for o th e r  n u t r i en t s  a r e  p ro b ab ly  in t e ra c t io n s  between n u t r i e n t s  found 

in the d i f fe ren t  o r c h a r d s .
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i.

INTRODUCTION

M ich ig an ' s  m o s t  im p o r tan t  p r o c e s s i n g  apple  is  N o r th e rn  Spy 

(M alus  d o m e s t i c a  B o rk . ). However,  th is  va r ie ty ,  a long with many  o th e r s ,  

has  been a f f l ic ted  with a phys io log ica l  d i s o r d e r  known a s  b i t t e r  pit.  Apple 

f r u i t s  a f fec ted  with th is  d i s o r d e r  have c r e a t e d  m uch  addit iona l expense  

and was tage  d u r ing  the p r o c e s s i n g  and m a r k e t in g  of the f ru i t s .

M ichigan  p ro d u c e s  from one to two mil l ion  bushe ls  of N o r th e rn  

Spy app les  each  y e a r .  A cco rd ing  to data obta ined f rom C h e r r y  G ro w e rs  

I n c o rp o ra te d  (13), who p u r c h a s e  a l a rge  volume of N o r th e rn  Spy app les  

for p r o c e s s in g ,  the p e r c e n ta g e  of app les  with som e  fo rm  of b i t t e r  pit  v a r i e s  

f rom  about  one p e r c e n t  for som e  g r o w e r s  to about t h i r t y - t h r e e  p e r c e n t  for 

o th e r  g r o w e r s .  The  a v e r a g e  p e rc e n ta g e  of app les  showing b i t t e r  pit  for 

al l  g r o w e r s  w as  about 8. 5 p e rc en t .  It has  been e s t i m a te d  tha t  when 

Michigan  p ro d u c e s  a c rop  of 900, 000 b ushe ls  of N o r th e rn  Spy apples ,  

about 76, 500 bushe ls  a r e  los t  each  y e a r  due to b i t t e r  pit .

The  p u rp o se  of th is  s tudy was  to d e te r m in e  the re la t ionsh ip  of 

m i n e r a l  nu t r i t ion  to the developm ent  of b i t t e r  pit  in N o r th e rn  Spy apples .



LITERATURE REVIEW

A ccord in g to Carne (9) the f ir s t  unm istakable referen ce  in the 

litera tu re  to b itter pit w as m ade by Jaeger in 1869.

Cobb (14) stated in 1895, "I would su ggest that the name bitter  

pit is  one v ery  suitable for the d isea se . It has rece iv ed  no com m on name 

up to th is date so far as I know ." Cobb (14) reported  that he had known 

and ob served  the d isord er for about 20 years p r io r  to h is  publication.

Bitter pit is  known by many different com m on nam es. In G erm any  

the d isord er is  referred  to as Stippen, Stippenflecke, Stippfleck, Stippig- 

heit, Stippigwerden and Stippigfleck igheit. Throughout the United States,

G reat Britian, Canada, A ustralia , South A frica and New Zealand, the d isord er  

is  ca lled  b itter pit, Baldwin spot, tree  pit or fruit spot. A Latin nam e has 

not been given to the d isord er.

Cobb (14) and G ourley and Howlett (24) reported  that the p its  w ere  

bitter to ta ste . H einicke (27) ob served  that it w as only the old p its  which  

w ere b itter and that the new ly form ed p its  did not have the ch a ra cter is tic  

b ittern ess .

Bitter p it should not be confused with other corky d ise a se s  of apples. 

H ill (29) and Sm ock (42) d escr ib ed  the h isto log ica l c h a r a c ter is t ic s  of the 

d isord er. The f ir s t  extern al sym ptom  appears a s  s ligh tly  d isco lored  spots
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on the e p i d e r m i s  of the f ru i t .  On yellow app les  the spots  a r e  a d a r k e r  g re e n  

than  the s u r ro u n d in g  c o lo r  and on r e d  app les  the spots  a r e  a d e ep e r  red .

T he  e x te r n a l  s y m p to m s  m ay  o r  m a y  not a p p e a r  on the f r u i t s  which a r e  

a f fec ted  with the d i s o r d e r .  It is  n e c e s s a r y  to s l ice  through the apple  to 

de tec t  the p r e s e n c e  of the d i s o r d e r  when the p i t s  o c c u r  below the h y p o d e rm a l  

l a y e r  of the frui t .

A cco rd in g  to Sm ock  (42) the d i s o r d e r  m a y  be c h a r a c t e r i z e d  by 

s m a l l  brown spots  o r  s t r e a k s  in the f l e sh  of the f ru i t .  The e a r l y  s tag e s  

of deve lopm ent  m a y  be de tec ted  by a co l lapse  of the  cell  wal l  of a group of 

c e l l s  benea th  the h y p o d e rm a l  l a y e r s  of the f ru i t .  As the d i s o r d e r  develops ,  

the cell  w a l l s  not only continue  to co l lapse ,  but m ay  becom e to rn .  Between 

the cel l  wa l l s  m a y  be o b s e r v e d  s t a r c h  g r a in s  which r e m a in  for the life of 

the fru it .  As  the p i t s  develop, the  ce l l s  m a y  become d ry  in a p p ea ra n ce .  

Smith (40) c o n s id e r e d  the d ry ing  out of the c e l l s  to be the  r e s u l t  and not 

the c au se  of the  d i s o r d e r .

R ose  et  al .  (38) l i s t e d  the v a r i e t i e s  which w e re  m o s t  su scep t ib le  

to b i t t e r  pit  a s  Baldwin, N o r th e r n  Spy, Rhode Is land  Green ing ,  Yellow 

Newtown, Y ork  Im p e r ia l ,  R om e  Beauty, Win te r Banana, Stayman, A rk a n sa s  

(M am m oth  Black Twig), A r k a n s a s  Black, Del ic ious  and G rav en s te in .

Cobb (14) r e p o r t e d  that  the  late  v a r i e t i e s  w e r e  m o r e  suscep t ib le  to 

b i t t e r  p i t  than the e a r l y  o r  m i d - s e a s o n  v a r i e t i e s .  The  late  s ea so n  v a r i e t i e s  

which w e re  m o r e  ac id  a p p e a r e d  m o r e  suscep t ib le .
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Many t h e o r i e s  have been p ro p o s e d  a s  to the  c au se  of b i t t e r  pit.  

McAlp in  (34) p r o p o s e d  the th eo ry  that  the  d i s o r d e r  was  due to a ru p tu r in g  

of the v a s c u l a r  net  work.

H e r b e r t  (28) in h is  inves t iga t ions  p ro p o s e d  the c r u s h e d  ce l l  theory .  

The  c r u s h e d  cel l  t h e o ry  was b a sed  on the following ob se rv a t io n s :

"A. Sunken spots  cons t i tu te  the f i r s t  e x te r n a l  sym ptom .
B. The skin is in tac t  o v e r  the p i t ted  a re a .
C. The v a s c u la r  bundles  f r equen t ly  ex tend th rough  a pit

spot and supply n o rm a l  t i s su e  beyond.
D. S ta rch  is p r e s e n t  in the  pit  c e l l s .
E. The tens i le  s t r e n g th  of c e l lu lo se  is suff ic ient to e l im in a te  

the p o s s ib i l i ty  of b u r s t i n g . "

H e r b e r t  (28) a l so  r e p o r t e d  that  individual c e l l s  of the  f le sh  of an 

apple  would not b u r s t  when p laced  in w a te r .  Also, if the d i s o r d e r  was 

c au s e d  by ru p tu r in g  of the v a s c u l a r  sy s tem ,  the e p id e r m is  should b u r s t  o r  

at l e a s t  fo rm  a bump in s tead  of a d e p re s s io n .

Smock (43) could  show no indication that  the p i t s  w e re  a s s o c i a t e d  

with the v a s c u l a r  bundles  in the f le sh  of the apple.  A v a s c u l a r  bundle was  

a lways  c lo se  to a pi t  in the apple.  However,  the p r e s e n c e  of n u m e ro u s

v a s c u l a r  bundles  in the  p e r i p h e r y  of the f ru i t  would make  it v e ry  difficult

to find a pit  which would not be ad jacen t  to a v a s c u l a r  bundle.

Many p e r s o n s  have advanced  th eo r ie s ,  in one way o r  ano ther ,  that 

the c o l lap se  of the c e l l s  was  c au s e d  by a w a te r  s t r e s s .  D a rn e l -S m i th  (19) 

s u bm it ted  the th eo ry  that p i t t ing  m ay  be due to a w a te r  s t r e s s  a s  a r e s u l t



of e i t h e r  a lo s s  of w a te r  which could i n c r e a s e  the ce l l  sap c o n cen t ra t io n  

of a c id s  and kill the ce l l s ,  o r  a r u p tu r in g  of the c e l l s  due to an e x c e s s  of 

w a te r .

C hand le r  (12) r e p o r t s  tha t  unde r  drought condit ions  the ce l l  sap 

of the l e av e s  had a h ighe r  c o n ce n t ra t io n  than the ce l l s  of g r e e n  f ru i t s .  

U nder  th e se  condi t ions  the o s m o t ic  flow would be f rom  the f r u i t s  to the 

leaves .  Smock (43) found that  by r ing ing  l im bs ,  the o sm o t ic  va lue  of the 

l e av es  could  be i n c r e a s e d  p ro p o r t io n a l ly  m o r e  than the o sm o t ic  value of 

the fru it .  By p a r t i a l  g i rd l ing  of the  f ru i t  s tem ,  Smock (43) found the 

f r u i t s  w e r e  m o r e  suscep t ib le  to b i t t e r  pit .  Th is  technique p r e s u m a b l y  

i n c r e a s e d  the o s m o t ic  va lue  of the le av es  to m o r e  than tha t  of the f ru i t s .

Ghssow (25) r e p o r t e d  that  W o r tm a n  in 1892 concluded the m a lady  

to be due to a supe rabundance  of an ac id  in the apple,  which was  caused  

by a s h o r ta g e  of w a te r  d u r ing  the d ry  y e a r s .  The  suscep t ib i l i ty  fo r  app les  

to fo rm  b i t t e r  pit  a p p e a r e d  co in c re a s e ,  a cc o rd in g  to C arne  (8) when the 

ac id  d i s t r ib u t io n  within the f ru i t  b e c a m e  uneven.

C arne  (8) concluded  tha t  the cause  of b i t t e r  pit  was due to e x c e s s iv e  

t r a n s p i r a t i o n  f rom  the su r f a c e  of the fru it .  The lo s s  of w a te r  f rom  the 

s u r f a c e  of the f ru i t  c au s e d  an o sm o t ic  g rad ien t  to be e s t a b l i sh e d  which 

pul led  w a t e r  f rom  the s t a r c h  fi l led  ce l l s ,  caus ing  the c e l l s  to becom e  

p la sm o l iz e d .  Rigg  and  T i l l e r  (37) a l so  found that  b i t t e r  pit  was m o r e
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s e v e r e  u n d e r  condi t ions  of e x c e s s iv e  t r a n s p i r a t i o n .  Hein icke (27) noted 

tha t  the a f fec ted  f r u i t s  w e r e  ones  which would a lso  be f i r s t  a f fec ted  if the 

w a t e r  supply  w as  to becom e  l im i ted .

Brit ton et  al .  (4) concluded  that  the s ea so n a l  w e a th e r  condit ions  

e x e r t e d  an im p o r tan t  influence on the  developm ent  of b i t t e r  pit.  The c l i ­

m a t i c  condit ions  w e re  a l so  noted by Hutton (31) a s  be ing  an im p o r tan t  

f a c to r  in the developm ent  of the d i s o r d e r .  Th is  was  p a r t i c u l a r l y  t r u e  if 

high t e m p e r a t u r e s ,  low humid ity  and a f luxuating soil m o i s tu r e  o c c u r r e d  

a t  the t im e  the  f ru i t  c o m m e n ce d  to m a tu r e .

Hill (29) noted b i t t e r  pit  to be m o r e  s e v e r e  on shal low so i ls  du r ing  

y e a r s  of low ra in fa l l .  Brooks and F i s h e r  (5) r e p o r t e d  the d i s o r d e r  v a r i e d  

with  the w a te r  hold ing capac i ty  of the soil ,  p a r t i c u l a r l y  the s u b -so i l .  The  

d i s o r d e r  was  m o s t  s e v e r e  when the soil  m o i s tu r e  was  l imited .

C um m ings  (16) found b i t t e r  pit  to be jus t  a s  p re v a l e n t  on i r r i g a t e d  

so i ls  a s  n o n - i r r i g a t e d  so i ls .  Hill (29) could  not a s s o c i a t e  b i t t e r  pit  with 

soil  m o i s tu r e .  S ev e ra l  w o r k e r s  (16, 18, 38, 40) r e p o r t e d  that heavy r a i n ­

fall  d u r ing  the g row ing  sea so n  in c r e a s e d  b i t t e r  p i t  m o r e  than when the 

s e a s o n  was  dry .

The  m a t u r i t y  and s u g a r  conten t of apple f r u i t s  w e r e  a f fec ted  by 

t e m p e r a t u r e  t r e a t m e n t s  a c c o r d in g  to Smock (41). L im b s  of individual 

t r e e s  and not whole  t r e e s  w e re  u sed  fo r  th is  study. Under th e se  condit ions
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there w ere no d ifferen ces  in the percentage of b itter pit due to the different 

tem p erature treatm en ts.

C um m ings (17) concluded that b itter pit w as a c lim a tic  and w ater  

lo s s  d ise a se  for which there w as no control.

Cobb (14) in 1895 could show no ev idence that b itter pit w as due to 

a fungus. H owever, he recom m ended rem oval of the tree  if the d isord er  

p e r s is te d  for two y ears.

A ccording to Carne et al. (10), A ttan asoff s v iru s theory w as based  

on p re lim in ary  work done by M cAlpine in 1913. M cAlpine had taken bud 

wood from  a tree  which had been producing b itter pit apples and from a 

tree  supposedly free  of b itter pit. The scion s w ere then grafted on tr e e s  

free  of b itter pit. The tree  w hich had been used  for b itter pit free  scion  

wood in 1913 had 67 p ercent pitted fru its in 1914. Other w orkers (7, 26, 38) 

have confirm ed C arne's report that b itter pit w as n on -p arasitic .

D arnell-Sm ith  (19) concluded, from  stud ies with different apple 

v a r ie t ie s  and rootstock  com binations, that the stock had no effect on the 

e x p ress io n  of b itter pit, and that it was the nature of the scion  which b e ­

cam e the d eterm in in g factor.

Young tr e e s  bearing a light crop of apples m ay crea te  conditions 

which favor the developm ent of b itter pit (4, 24, 31, 34). Palm er (36) r e ­

ported that a light crop appeared to be v ery  su scep tib le  to pitting if it had



been p reced ed  by a heavy crop. However, Palm er (36) elucidated  further  

by stating that the su scep tab ility  to pitting could be reduced by allow ing the 

fruit to m ature for a longer period on the tree  before it w as h arvested .

A crop of large apples, accord in g  to sev era l w orkers (8, 19, 24, 35) 

have a grea ter  percentage of the fru its pitted than a crop of sm all app les. 

T his w as true, p articu larly  in the ca se  of fruits which had been grow ing  

rapidly because of e x c e s s iv e  pruning or  fruit thinning.

The position  of the apple on the fruiting spur has been reported  by 

H einicke (27) and confirm ed by others (8, 24) to be an im portant factor in 

the developm ent of b itter pit. H einicke (27) ob served  four conditions r e ­

garding the p osition  of the apple on the spur and position  of the spur to the 

lim b in the developm ent of b itter pit.

1. On adjacent spurs, term inal fru its without la tera l 
fru its showed le s s  b itter pit than term inal fru its with 
la tera l fru its.

2. On adjacent spurs, sing le  term inal fru its without 
la tera l fru its showed le s s  b itter pit than sing le  la tera l 
fru its without term inal fru its.

3. Basal spurs showed m ore b itter pit than spurs towards 
the term in al portion of the lim b.

4. V igorous spurs originating on the upper surface of the 
lim b had le s s  b itter pit than weak hanging spurs.

H einicke (27) substantiated h is ob servation s on the b a sis  of the 

p ercen tage of good seed  in the app les. He reported that la tera l apples
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r e q u i r e d  a l a r g e r  p e r c e n ta g e  of good s eed s  than a t e r m i n a l  apple  if they 

w e r e  both on the s a m e  spur .  Heinicke  (27) found that  app les  with a low 

p e r c e n ta g e  of good s ee d s  w e re  m o r e  inclined to be p i t ted  than ap p le s  

with a high p e r c e n ta g e  of good seeds .

Smock (42) found som ewhat  d i f feren t  r e s u l t s .  On unthinned l imbs ,  

the l a t e r a l  f r u i t s  of a c l u s t e r  w e re  m o r e  l ike ly  to show b i t t e r  pit  than 

t e r m in a l  f ru i t s .

A c co rd in g  to Smock (42) when l im bs  w e re  shaded dur ing  the g r o w ­

ing season ,  the p e rc e n ta g e  of p i t ted  app les  was  l e s s  than on l im bs  exposed  

to sunlight.

Cobb (14) noted the p r e s e n c e  of s t a r c h  g r a in s  in the p i t ted  a r e a  

and wro te :

’’The  ce l l s  of the spongy brown m a s s  st i l l  conta ins  s t a r c h  
g ra in s ,  and if the apple  r ip e n s  a s  well  a s  it can unde r  
the  c i r c u m s t a n c e s ,  it will be found that  the  c e l l s  ad jacen t  
to the b i t t e r  pit,  and which a r e  not tu rn e d  brown, r ipen,  
i. e. , t h e i r  s t a r c h  is con v e r ted  into o th e r  s u b s ta n c es  as  
is  usua l  in r ipen ing  f r u i t . "

C arne  (9, 11) o b s e r v e d  the s t a r c h  g ra in s  in the p i t ted  a r e a  and 

t h e o r iz e d  that  they m u s t  have  an im p o r tan t  b e a r in g  on b i t t e r  pit  dev e lo p ­

m en t .  He r e p o r t e d  tha t  the m o r e  i r r e g u l a r l y  the s t a r c h  was hydro lyzed  

in an apple  the m o r e  su scep t ib le  it was  to b i t t e r  pit.

D a rn e l l - S m i th  (19) concluded that  the suscep t ib i l i ty  of an apple  to



pitting, w as determ ined  w hile the apples w ere  s t i l l  on the tree  and before  

the starch  had been hydrolyzed to sugar.

Sm ock (43) detected  starch  gra in s in both the healthy t is su e  and the 

n ecro tic  t is su e . Starch gra in s w ere  a lso  found between the co llap sed  c e ll  

w a lls . Sm ock (43) su ggested  that perhaps the starch  gra in s w ere the r e ­

su lt of the d isord er, and not the causal agent.

M ost p erso n s who have studied the b itter pit problem  appear to be 

in agreem ent a s  to the stage of m aturity  at which the app les should be h a r­

v ested . A pples harvested  at an im m ature state are m ore lik ely  to develop  

bitter pit than fu lly m ature fru its (1, 4, 5, 7, 8, 11, 24, 31, 35, 36, 38, 40).

A ttem pts have been m ade to d ifferentiate betw een the p its  which  

occu r on the tree  and those which occu rred  after  the fruit had been p laced  

in storage.

Bhnemann (6) detected  starch  gra in s in the p reh arvest p its  w ith an 

iodine test, but could not detect the starch  grains in the p its  which had 

developed w hile the fruit w as in storage. Sm ock (43) could show no d iffer ­

en ces  betw een the p its  which developed in storage and those which developed  

p rio r  to storage.

Prom pt storage at 32°’F after harvest (4, 24, 31, 40) reduced the p e r ­

centage of p o st-h a rv e st b itter pit. However, accord in g  to G ourley and 

Howlett (24), p lacin g  the apples in cold storage only delayed the e x p ress io n
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of b i t t e r  pit,  b e ca u se  b i t t e r  pit  developed a f t e r  the f ru i t  had been re m o v e d  

f rom  the s to rag e .

Sm ock  (42) r e p o r t e d  tha t  c o n t ro l le d  a tm o s p h e r i c  s to rag e  m a y  delay 

the  a p p e a r a n c e  of b i t t e r  pit,  how ever  it did not red u ce  the p e r c e n ta g e  of 

a f fec ted  f ru i t s .  Smock (42) a l so  found that  a high r e l a t iv e  humid ity  in the 

s to ra g e  he lped  to r e t a r d  the r a t e  of deve lopm ent  of b i t t e r  pit  in app les .

Allen  (1) added e thylene  gas  to a cold s to ra g e  room  in o r d e r  to 

i n c r e a s e  the r a t e  of r e s p i r a t i o n  of the app les .  It was  r e p o r t e d  that  the 

i n c r e a s e d  r a t e  of r e s p i r a t i o n  m ay  have red u ced  the p e r c e n ta g e  of b i t t e r  

pit,  but that  the  r e s u l t s  w e r e  not conclus ive .

Smock (42) r e p o r t e d  that Cal i fo rn ia  G ravens te in ,  N o r th e r n  Spy 

and Baldwin app les  which had been dipped in c e r t a in  wax e m u ls io n s  did 

not develop b i t t e r  p i t  a s  rap id ly  a s  u n t r e a ted  f ru i t s .  When sh redded  

o i led  p a p e r  was  added  to the c o n ta i n e r s  with the apples ,  t h e re  a p p e a r e d  

to be an in c r e a s e  in the p e r c e n ta g e  of f r u i t s  which b e ca m e  pit ted.  Smock 

(41) exp la ined  th is  i n c r e a s e  as  be ing an in d i r ec t  effect  c au s e d  by a l o w e r ­

ing of the r e l a t iv e  humid ity  su r ro u n d in g  the apples .

Mulching  with hay i n c r e a s e d  the yield of app les ,  a cc o rd in g  to 

Butler and Dunn (7), but had no effect  upon the p e r c e n ta g e  of f r u i t s  which 

had b i t t e r  pit.

The th e o ry  that  b i t t e r  pi t  m a y  be caused  by an unbalanced  n u t r i -
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tional condition is  shared by many p erso n s (7, 16, 18, 20, 22, 23, 24, 29, 38,

42, 46, 47).

H ill (29) a sso c ia ted  b itter pit with high vigor, p a rticu la r ly  when 

high n itrogen  sym ptom s ex isted . H einicke (27) found contradictory  r e su lts .

When o n e-h a lf of a tree  w as fe r tiliz ed  with sodium nitrate, the side of the 

tr e e  rece iv in g  the fe r t iliz e r  had le s s  b itter p it than the sid e  of the tree  

w hich rece iv ed  no fe r t iliz e r .

Butler and Dunn (10) reported  that nitrogen and potassium  in crea sed  

bitter  pit, w hile  phosphate d ecrea sed  bitter p it. It w as reported  a lso  that 

sulfur and phosphorus tend to counteract the e ffec ts  brought about by n itro ­

gen and p otassiu m .

Van Schreven (44) reported  that apples with b itter pit contained  

a higher content of nitrogen, phosphorus and potassium  than apples without 

the d isord er.

R oss and oth ers (38) stated  that the p resen ce  of a high con cen tra­

tion of certa in  sa lts  in the irrigation  w ater caused  p its  in apples which resem b led  

bitter pit. They reported  that, in the P acific  N orthw est, high concentrations  

of m agnesium  su lfate m ay cau se a type of pitting to occur.

D eLong (21) found low le v e ls  of calcium  in the fruit to be a sso c ia ted  

w ith an in crea se  in the percentage of fruit which had b itter pit. Garm an and 

M athis (23) a lso  found that calcium  may be the c r it ica l e lem en t in the develop-



m ent o f Baldwin spot in C onnecticut. They reported  a v ery  defin ite p o s itiv e  

co rre la tio n  betw een the ratio of the calcium  content o f the lea v es  divided by the 

calcium  content of the fruit and an in crea se  in the percentage of p itted  app les.

S everal p erso n s  (7, 23, 35, 46, 47) could show no relationsh ip  betw een  

b itter  pit and boron. H owever, boron w as e ffectiv e  in a ll reported  stud ies  

for the control of drought spot and corky core . Dunlap and Thom pson (22) 

rep orted  that heavy boron app lications at b lossom  tim e and at petal fa ll 

w ere e ffectiv e  in contro lling  b itter p it d iso rd ers  on York Im perial apples in 

M aryland.

Van Stuivenberg and Pouwar (45) reported  e ffectiv e  control of 

b itter  p it in the v a r iety  N otaris, in Holland, by applying borax sprays during 

m id-July. They a lso  found that the sam e resu lts  could be obtained by apply­

ing B -in d oly lacetic  acid  in July.

W oodbridge (47) reported  that the boron content of apple tw igs 

w as low er on tr e e s  which had the d isorder than on tr e e s  which w ere  not 

affected .
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MATERIALS AND METHODS

A p re lim in a ry  study, to te st the e ffe c t iv en ess  of calcium  nitrate  

sp rays for the control of b itter  pit, w as in itiated  on 29 N orthern Spy 

apple tr e e s  in the R ogers Incorporated orchard located  near Honor, 

M ichigan, during the 1957 grow ing season .

An im m ature fruit sam ple w as co llected  from  each of 18 tr e e s  

during July, 1957. The sa m p les w ere w eighed and the w eight per apple 

w as ca lcu lated  to the n ea rest one-ten th  of a gram . A section  w as r e ­

m oved from  each  apple in the sam p les to form a com p osite  fruit sam ple  

from  each  tree  for  a ch em ica l a n a ly s is .

The 18 fruit sam p les w ere  oven dried at 160&F for two days and 

then ground in a W iley m ill w ith a 20 m esh  screen . The ground sam p les  

w ere  p laced  in screw  cap b ottles, stored  and la ter  analyzed.

Two app lications of calcium  n itrate at the rate of one pound p er  

100 ga llon s of spray w ere m ade by the owner to tr e e s  in a block near those  

from  which the g reen  fruit sa m p les had been co llected . The app lications  

w ere  m ade app roxim ately  four and s ix  w eeks p r ior  to harvest, follow ing  

the recom m endation s of Garm an and M athis (23).

M ature fruit sam p les, co n sistin g  of 25 fru its, w ere co lle c ted  from  

each  of the 29 tr e e s  (18 untreated and 11 treated) on O ctober 10, 1957.



The sa m p les  w ere  held  in a heated shed at the H orticultural farm  in 

polyeth ylen e lined  boxes until N ovem ber 1, 1957.

The ripe fru it sam p les w ere  w eighed and the average w eight p er  

fru it w as ca lcu la ted  to the n ea rest one-tenth  gram .

The app les w ere  then exam ined for extern al pit sym ptom s and 

the num ber of a ffected  fru its  w ere  recorded . The app les w ere  then cut 

into ap p roxim ately  on e-fou rth  inch s l ic e s  and exam ined for internal pitting, 

the num ber of a ffected  fru its  w ere recorded.

A sec tio n  w as rem oved  from each  of the 25 ripe fru its co llec ted  

from  each  tree  and com p osited  to form  a ripe fruit sam ple for a chem ica l 

a n a ly s is .

The com p osite  sa m p les w ere  w eighed and then oven dried at 160° C 

for  th ree  days. A fter  drying, the sam p les w ere  rew eighed and the p e r ­

cen ta g es  of m o istu re  o f the sam p les w ere  calcu lated .

The dried  fr e sh  fruit sa m p les w ere then ground in a W iley m ill 

w ith a 20 m esh  scr e en  and p laced  in screw  cap b ottles.

Both the g reen  and r ip e  fruit sam p les w ere analyzed for nine m in era l
%

e lem en ts . N itrogen w as determ ined by the Kjeldahl m ethod, u sing  a one 

gram  aliquot of the sam ple. Potassium  w as determ ined by the fia m e-  

photom eter accord in g  to the p roceed u re outlined by the A sso c ia tio n  of 

O fficia l A gricu ltura l C hem ists (2). Boron, calcium , copper, iron,
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m a g n e s iu m ,  m a n g a n e s e  and  p h o s p h o ru s  w e r e  d e t e r m in e d  s p e c t r o g r a p h i ­

ca l ly  a c c o r d i n g  to the  m e th o d  of the A ss o c ia t io n  of Officia l  A g r i c u l tu r a l  

C h e m is t s  (3), with a m odif ica t ion  w he reby  the so lu tion  w as  p laced  on a 

fla t  p o l i sh e d  e l e c t r o d e  in s te ad  of a g r a p h i t e - f i l l e d  e lec t ro d e .

E igh teen  o r c h a r d s  w e r e  s e l e c te d  fo r  a m o r e  c o m p re h e n s iv e  study 

d u r in g  1958. T e n  t r e e s  w e r e  s e le c te d  f rom  the v a r i e t y - f e r t i l i z e r  t r i a l  

b lock  at  the M ich igan  State U n iv e r s i ty  H o r t i c u l tu r a l  f a rm ,  E a s t  Lansing, 

Michigan, 20 t r e e s  s e l e c t e d  f rom  a N o r th e rn  Spy f e r t i l i z e r  block on the 

G r a h a m  E x p e r i m e n t  Station,  G r a n d  Rapids ,  Michigan, and  15 t r e e s  in 

e a c h  of 16 c o m m e r c i a l  o r c h a r d s  loca ted  in the m a j o r  apple  p ro d u c in g  

a r e a s  of c e n t r a l  and n o r t h e r n  Michigan.

The  16 c o m m e r c i a l  o r c h a r d s  w e re  s e le c te d  f rom  a g r o w e r  l i s t  

f u r n i sh e d  by the C h e r r y  G r o w e r s  In c o rp o ra te d  (13). T h r e e  y e a r s  da ta  

had  been c o m p i led  f rom  the p r o c e s s i n g  r e c o r d s ,  showing the p e r c e n ta g e  

of b i t t e r  p it  found in each  o r c h a r d  w h e re  f ru i t  had been p u r c h a se d .  By 

the u se  of th e se  da ta  it w as  p o s s ib le  to s e le c t  o r c h a r d s  which  had p r e v io u s  

r e c o r d s  of high and low p e r c e n t a g e s  of b i t t e r  pit.  In the s e lec t io n  of the 

o r c h r d s ,  age  of the t r e e s ,  v ig o r  of the t r e e s  and locat ion  within the State 

w e r e  g iven  c o n s id e ra t io n .  The  s e le c t io n s  w e re  m a d e  to p rov ide  a wide 

r a n g e  in the o c c u r r e n c e  of b i t t e r  p i t  be tween o r c h a r d s  and  be tween m a j o r  

f ru i t  p r o d u c in g  a r e a s .



T w ig  sa m p les , co n sistin g  of about 15 to 20 shoots o f the p reced in g  

y e a r 's  growth, w ere  c o lle c ted  from  a ll tr e e s , excep t the 20 tr e e s  located  

at the Graham Station. The tw ig sam p les w ere  co lle c ted  from  about 

shoulder height (5 feet) around the periphery  of the tr e e . The length of 

each  tw ig w as m easu red  to the n ea rest o n e-h a lf cen tim eter  and the a v e r ­

age length of the tw igs for each  tree  ca lcu lated .

The tw igs w ere  oven dried at 160° F for three days and w eighed  

on a torsio n  balance to the n ea rest o n e-h a lf gram . The average w eight 

p er  cen tim eter  of growth w as ca lcu lated  on a dried  w eight b a sis  a s  a 

m ean s of evaluating  tw ig v igor . The tw igs w ere  then ground in a W iley  

m ill w ith a 20 m esh  screen  and p laced  in screw  cap b ottles.

The tw ig sam p les  w ere  analyzed ch em ica lly  for nitrogen by the 

K jeldahl m ethod and potassium  by the flam ep ho to m e ter  (2).

In cooperation  with the C herry G row ers Incorporated (13), a q u es­

tionnaire (se e  appendix) w as sent to about 200 co m m erc ia l apple grow ers  

in M ichigan. The purpose of the questionnaire w as to obtain inform ation  

concern in g  the orchard  m anagem ent p r a c tic e s , so il m anagem ent p ra c tices , 

fer tiliza tio n  program  and spray program  for the y ea rs  1956, 1957 and 1958.

Boron sp ray  treatm en ts at the rate of one pound of boric acid  p er

100 ga llon s of sp ray  w ere m ade to five  of the fifteen  tr e e s  in the co m m er-
%

c ia l orch ard s. The boron treatm en ts w ere  applied from  July 8 to 15, 1958.
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Calc ium  n i t r a t e  s p r a y  app l ic a t io n s  w e re  m ade  to five of the fi f teen 

t r e e s  in the s ix te en  c o m m e r c i a l  o r c h a r d s ,  and  to ten  of the twenty  t r e e s  

lo ca ted  a t  the  G r a h a m  E x p e r im e n t  Station.  Two app l ica t ions  of one pound 

of c a lc iu m  n i t r a t e  p e r  100 ga l lons  of s p r a y  w e r e  m ad e  four  and  s ix  w eeks  

p r i o r  to h a r v e s t .  The  t im e  of app l ica t ion  fo r  e ac h  m a j o r  f ru i t  a r e a  v a r i e d  

to c o r r e s p o n d  with  the  d i f f e r e n c e s  in the h a r v e s t  da tes .

Leaf  s a m p l e s  w e r e  co l le c ted  f rom  a ro u n d  the p e r i p h e r y  of e ach  

t r e e  in the 18 o r c h a r d s .  M a tu r e  leaves ,  which w e r e  about m idw ay  between 

the ba se  of the  shoot and  the t e r m i n a l  leaf  and  f r e e  of in sec t  o r  d i s e a s e  

dam age ,  w e r e  s e lec ted .  The  leaf  s a m p l e s  w e r e  co l lec ted  f rom  July 28 

to August  6, 1958.

The  apple  l eaf  s a m p l e s  w e r e  w ashed  in an aqueous  solution,  u s ing  

D r e f t  a s  the de te rgen t ,  r i n s e d  in tap w a te r  and in d i s t i l l ed  w a te r .  The 

l e a v e s  w e r e  oven d r i e d  a t  16CTF fo r  two days and ground in a Wiley mi l l  

wi th  a 20 m e s h  s c r e e n .  The ground  s a m p l e s  w e re  p la ce d  in two ounce 

s c r e w  cap bo t t le s .

The  g round  lea f  s a m p l e s  w e r e  ana lyzed  for  the  s a m e  nine e l e m e n t s  

and in the s a m e  m a n n e r  a s  the g r e e n  f ru i t  s a m p l e s  which w e re  p r e v io u s ly  

d e s c r ib e d .

M a tu r e  f ru i t  s a m p l e s  w e r e  co l le c ted  from O c to b e r  7 to 16, 1958. 

F i f ty  f r u i t s  w e r e  c o l le c te d  f ro m  a round  the p e r ip h e r y  of the t r e e  a t  about
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the he ight of five feet .  An a t t e m p t  was  m ad e  co s e le c t  f r u i t s  which w e re  

r e p r e s e n t a t i v e  of the m a j o r i t y  of the f r u i t s  on the  t r e e .  The  h a r v e s t e d  

s a m p l e s  w e r e  then taken  to E a s t  L a n s in g  and s to re d  in one of the food 

technology  l a b o r a t o r i e s  at  about 72° F.

Two weeks  a f t e r  h a r v e s t ,  40 app le s  w e r e  s e l e c te d  f rom  each  of 

the  270 s a m p l e s .  The  40 app le s  w e r e  weighed  and the a v e r a g e  weight  p e r  

apple  was  ca lcu la ted .

E a c h  apple  w as  then e x am in ed  fo r  e x te r n a l  p i t t ing  and s c o r e d  on 

the following b as is :

0 - - n o  o b s e r v e d  p i ts .

1 - - o n e  to s e v e r a l  s c a t t e r e d  p i ts .

2 - -m a n y  p i t s  in a loca l ized  a r e a .

3 - -m a n y  p i t s  c o v e r in g  the frui t .

The  ap p le s  w e re  then s l i c ed  with a c o m m e r c i a l  f r ench  fry  pota to  

c u t t e r ,  with the c r o s s  b lades  r em oved .  The app le s  w e re  indiv idually  

s c o r e d  for in t e rn a l  p i t s  on the following bas is :

0 - - n o  o b s e r v e d  pi ts .

1 - - p i t s  o c c u r r i n g  only benea th  the hy p o d e rm is .

2 - -p i t s  o c c u r r i n g  benea th  the h y p o d e rm is  and s c a t t e r e d  

p i t s  in the f lesh  of the apple .

3 - -heav i ly  p i t t ed  th roughout  the f le sh  of the apple.



A w edge w as rem oved  from  the cen ter  s l ic e  of each  apple and the 

40 w ed ges w ere  com p osited  to form  a fru it sam ple for a ch em ica l a n a ly s is .

The ripe apple fruit sam p les  w ere  p laced  in ch eese  cloth  bags and 

oven dried for  two w eek s at 160" F. The dried apple fruit sam p les w ere  

then p laced  in four ounce screw -ca p  b ottles  and stored . At the tim e the 

sa m p les  w ere  to be analyzed, the bottles containing the sam p les w ere  

p laced  in a drying oven and r e -d r ie d  for two days at 160"F. The sam p les  

w ere  then em ptied  into a W iley m ill and ground through a 20 m esh  screen . 

T he sa m p les  w ere  co lle c ted  in the sam e bottles in which they w ere  dried, 

sea led  w ith Saran wrap and re  capped.

A liquots w ere  taken from  the ground sam ple for nitrogen, potassium  

and sp ectrograp h ic  d eterm inations without re -d ry in g  the sam ple. T here  

w as no caking of the ground sam ple. One gram  sam p les w ere  used  for  

nitrogen  determ inations by the K jeldahl method, o n e-h a lf gram  sa m p les for  

p otassiu m  by the flam e photom eter (2) and o n e-h a lf gram  sam p les for the 

sp ectrograp h ic  a n a ly s is  (15) for boron, ca lcium , copper, iron, m agnesium , 

m anganese and phosphorous.

The data obtained from  th is study w ere s ta t is t ic a lly  analyzed  by using  

the M ichigan State U n iversity  E lectron ic  D igital Com puter. A n a lysis  of 

varian ce w as ca lcu la ted  for the p ercen t b itter  pit, u sing  a sp lit p lot design . 

C orrelation  co effic ien ts  w ere  ca lcu lated  for 24 ob servation s on each  tree
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on an o r c h a r d  b a s i s ,  and then on an o v e ra l l  p ro b le m  with 250 individual,  

thus  m ak in g  a to ta l  of 5, 700 c o r r e l a t i o n  d e t e r m in a t io n s  of c o r r e l a t i o n  

c o ef f ic ien ts .
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RESULTS

P r e l i m i n a r y  Studies  - 1957

It w as  found that  the t r e a t e d  t r e e s  had an a v e r a g e  of 14. 95 p e r c e n t  

i n t e rn a l  p it t ing,  while  the n o n - t r e a t e d  t r e e s  had 23. 67 p e r c e n t  in t e rn a l  

pi t t ing.  The  a n a ly s i s  of v a r i a n ce ,  a s  shown in Tab le  I, fo r  the  1957 data  

showed no s ign if ican t  d i f f e rence  between the amount  of b i t t e r  p i t  on the 

t r e e s  s p r a y e d  with ca lc ium  n i t r a t e  and those  which w e re  not sp rayed .

TABLE I

A n a ly s i s  of V a r i a n c e  for P e r c e n t  Bitter  Pit Apples  on 11 T r e e s  S p rayed  with 
Calc ium  N i t r a te  and 18 N o n - t r e a t e d  T r e e s ,  1957"'

Source  of 
V a r ia t io n

d. f. Sum of 
Squa res

V a r ia n ce F

T o ta l 28 9, 841
Between t r e a t m e n t s 1 513 513 1. 50 NS
Within t r e a t m e n t s 27 9, 228 342

'T a b le  1 of the Appendix  p r e s e n t s  the  data fo r  the above s t a t i s t i c a l  
a n a ly s i s .

R e s u l t s  ob ta ined  f ro m  the s tu d ie s  (Table  II) ind ica ted  that  the weight 

of the a p p le s  was  c o r r e l a t e d  to the p e r c e n ta g e  of b i t t e r  p i t  f r e e  f ru i t s .

The  c o n ce n t ra t io n  of ca lc ium  in both the g r e e n  and m a t u r e  f r u i t s  was  

l e s s  than  the m in im u m  amount  which could  be m e a s u r e d  s p e c t r o g r a p h ic a l ly  (3).
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TABLE II

C o r r e l a t i o n  of the P e r c e n ta g e  of Bit te r  Pit F r u i t  with Weight of G re en  and  
Ripe F r u i t s ,  P e rc e n t  Dry  Weight of Ripe F r u i t  and M in e r a l  C o m p o s i ­

t ion of Ripe and G r e e n  F r u i t s ,  1957

F a c t o r s  m e a s u r e d C o r r e l a t i o n  coef f ic ien ts
29 t r e e s 18 t r e e s

A v e rag e  weight  of r ip e  f ru i t 493** -. 347
P e r c e n t  d r y  weight of s am p le +. 131 + . 179
C om pos i t ion  of r ip e  f ru i t .  . . . Boron +. 023 + . 400

Copper + o i—1 00 +. 315
Iron +. 226 +. 426
P o ta s s iu m 349 -. 328
M agnes ium +.291 +. 368
M anganese +. 114 + . 114
N i t rogen -. 273 246
Phosphorus -. 186 - .0 5 3

A v e ra g e  weight  - g re e n  f ru i t 116
C om posi t ion  of g r e e n  f ru i t .  . .Boron +. 216

Copper + . 403
Iron + . 287
P o ta s s iu m -. 003
M agnes ium + . 214
M anganese +. 038
Nit rogen -. 028
Pho spho rus -. 196

’'S ign if ican t  at the 1 p e r c e n t  level.



T h erefo re , the v a lu e s  obtained for  calcium  w ere  often  an estim a te , rather  

than being a quantitative determ ination . Severa l co rre la tio n  co effic ien ts  

approached s ign ifican ce , thus ju stify ing  a m ore in ten sive  study in 

1958.

O rchard Survey - 1958

An evaluation  of the su rvey  sh eets  on cultural p r a c tic es , which  

w ere  returned  by the co m m erc ia l grow ers, fa iled  to indicate any p articu lar  

featu re of orchard  m anagem ent p ra c tice  that w as co n sisten tly  re la ted  to 

high percen tage  of b itter  pit in som e orch ards and not in o th ers.

The m ean for a ll orch ard s (Table III) showed that th ere w as 93. 7 

p ercen t of fru it fr ee  from  bitter pit. A n a lysis  of varian ce (Table IV), 

com puted on a sp lit p lot design, showed that the boron and calcium  nitrate  

trea tm en ts had no sign ifican t e ffect on the percentage of b itter p it free  

fru its  . A sign ifican t d ifference, in the occu rren ce  of b itter  pit, at the one 

p ercen t le v e l w as shown to e x is t  betw een orch ard s. The in teraction  betw een  

orch ard s and treatm en ts w as not sign ifican t.

C orrelation  co e ffic ien ts  w ere  ca lcu lated  to show the relationsh ip  b e t­

w een  fruit fr ee  o f b itter  pit and 19 ob servation s on each  of 20 tr e e s  located  

at the M ichigan State U n iversity  Graham E xperim ent Station, 23 o b se rv a ­

tion s for each  of 15 tr e e s  in the 16 co m m erc ia l orch ard s and 10 tr e e s  at 

the M ichigan State U n iv ersity  H orticultural farm (Table V).

*The p ercen ta g es  of fruit free  of b itter p it w as used  for a ll s ta t is t ic a l analy  
in ord er  to rem ove a ll zero  va lu es from  the data.



TABLE III

P e r c e n t  of F r u i t  F r e e  of Bit te r  Pit by T r e a t m e n t s  and O r c h a r d s .  A v e rag e
of F ive  Single T r e e  R ep l ica te s

O r c h a r d  S p ray  .--------------- -— 1--------------- —  Check A v e rag e
No. Boron Calc ium N i t ra t e

1. 91. 0 94. 5 90. 5 92. 0
2. 96. 5 98. 0 98. 5 97. 7
3. 93. 5 97. 5 95. 5 95. 5
4. 95. 5 96. 5 97. 0 96. 3
5. 84. 4 88. 0 91. 0 87. 8
6. 96. 5 98. 5 97. 5 97. 5
7. 97. 5 99. 5 80. 0 92.3
8. 99. 5 99. 5 99. 5 99. 5
9. 86. 5 79. 0 89. 0 84. 8

10. 94. 0 88. 5 92. 0 91. 5
11. 100. 0 93. 5 100. 0 97. 8
12. 94. 5 95. 0 97. 5 95. 7
13. 97. 5 100. 0 99. 5 99. 0
14. 98. 0 97 .0 99. 5 98. 2
15. 80. 5 80. 0 78. 7 79. 7
16. 89. 0 97. 5 95. 0 93. 8

2 r a g e 93. 4 93. 9 93. 8 93. 7



26.

TABLE IV

A n a ly s i s  of V a r ian ce :  P e rc e n tag e  F r u i t  F r e e  of Bit te r  Pit; 5 T r e e  R ep l ica te s ,
3 T r e a t m e n t s  a t  16 L o ca t io n s—

S o u rce  V a r ia t io n D. f.
Sum of 
S q u a re s V a r ia n ce F

R ep l ica t io n s 4 31, 075
T  r e a t m e n t s 2 1, 089 555 0.041
E r r o r  (A) 8 107, 497 13,442

L o ca t io n s 15 691, 046 46, 069 3. 888**
T r e a t m e n t s  x locat ions 30 210, 783 7 , 030 0. 593
E r r o r  (B) 180 2, 131, 989 11, 849

T o ta l 239 3 ,1 7 3 ,4 8 2

* ‘Signif icant a t  the one p e r c e n t  level .

—'Table 2 of the Appendix p r e s e n t s  a ll  the da ta  for the  1958 s t a t i s t i c a l  
a n a ly s i s .
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Ŝ-4

e  o  
.9 u

S  -3p . 73
E
o

O

03
5h
a)
sb

p
034b
o3h

O

734->
o

H
"O
c
03

TJ
P
034b03h

0

- a  
c
03

CO 
0
Qj
^  on<  o

M—I iO 
O  - Q
4_ j

b p  3  
p  

D-.

& sbO j_i

2 ^  
S2 *<  CU

u
U 3

® > a
<+-1 
o

b e.cr o  
-> bo
H 2 

c
- cu

s  d
bO Jb
j—* Qj
g Ou 

>— I 0  
bO ' S

*  ■ §  
?

H
cu
bo
o j
U
CU
>

<

nO CO O CM ON O M 1 CO M 1 o * 1 o NO i—H CM NO o
DQ Mi OO o O c o CO •-H i n m O n O Mi i n o CM r—{ OO NO NO

o CM Ml o CO 1—1 CM r—H i n LO Mi o T—H Mi O o .—1 1—H
• • 0 * • • • • , t t 0 0 * 0 0 0 .

4 - i 1 1 1 1 1 4 - i 4 - 4 * i 1 1 i 4 * 1 1

c o M 1 CM ON NO I—1 NO o ON i n c o NO o o CO CM CM o o c d r -
bJ OO r— ’—i o CO NO CO OO c o NO CM CO r— O ' i n n ON OO CO

a
i—4 o CM p' < O CM »—1 CO CM i 1 ( i n CO o o i n Mi NO o

• • ■ « • • • 0 • « * 0 0 m * m
4 - i 4 - 1 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 * 4 - 4 - i 4 -

O r - O n N f i n ON i—( o CM O n O n r— NO O n i n M 1
M 1 c o NO CM *-—i ----1 OO r— CM o r—H i n CM NO Mi r— Mi NO NO

ML •—H o CO —-i CO o o CM CM Mi i n M 1 o O CO CO O
• • * • • . • 0 • , « , , , , 0 . .

1 1 4 - 4 - i 4 - 4 - 1 i 4 - 4 * 4 - 1 i 4 - 4 - 4 -

C LO CO r— o o LO CM CM nO o Mi O ON r - CM ON nO o
'—1 m NO OO ON ON OO r - CM l—l i n Mi r - o CM i n Mi OO

c CM c o ’—1 CM CO CO W 1 1 I1 1 CM CM Mi Mi CM i—-i CM o
o • • • • » • • « • • 0 . * • 0 • 0

4—1 1 4 - i 1 4 - 4 - i 4 - 4 - 4 - 4 “ 4 - 4 - i + i 4 - 1 4 -
CO
O 3
Cl Ml CO m O CM NO c o CM CO r— nO n a o r— CO -H r - ON
P bO 1—1 ’—H CM O NO ON OO t— i n OO Mi i n c o »—4 o o o M 1i—i
o 2

cm CO H i“H o CM c o o O i n M 1 CM CO CO CM CO CO Ml CM

a 4 - 4 - 4 - 4 - 4 - 4 * 4 - 4 - 4 - 4 - 4 - 4 - i 4 * 4 - 4 - 4 * 4 -
*4-1
03
0

1 Mi MU CM r - t— CN ON nO c o CO i n M 1 o CM r— i n ON O►—1 nO CO CM nO NO O CM OO o O r— i n c o CO ON ON r— CO CM03
r CM CM CM CM CM o CM CO o CM o c o CO i n o o i n 1

• * • » « ■ • 0 ■ * • • . • m v 0 •
4 - *+■ 4 - 4 - 4 - 4 - 4 - 1 4 - 4 ~ 4 - 4 - i 4 - 1 4 - 4 - 4 -

O t— O m NO m o CM CM CO OO ON c o r - nO O Mi
O n O n r— i n O n i n Mn o CM r - OO i n o CM CO o CM o o o o

y ,
O NO Mi c o o o CM '—1 CM i n CO i—i M 1 CM CM i—i CM c o CM

# * • • • 0 * • • 0 0 0 . . 0 0

4 - I i 1 4 - 1 4 - i 1 i i i i i . i 1

CM OO O n CN NO O ON OO CO ON CO ON OO OO i n CM CM ON
OO ON CM i—i r— OO i—( O CO CO CO o NO i—H i—H i—i i—l

Oh CM c o CO lO o <—i _ H CO Mi O 1—1 c o n O CM o
• • • • # • • • • * • 0 • • 0 • . •

i i i + i 4 - i 4 - 4 - 4 " *+* i 4 - 4 - + i 4 -

CO OO CO ON ON LO CO , O Qd i n i n OO NO i—-4 i n o o p-H
2 : LO r - r— CO CM r— o O ' Mi CM o CM NO o o o i n i n vO

o <—H t—i o CM O CO o >—i i n NO i“H O o o o c o O
• m m • # # * » 0 0 • 0 0 # 0 0 0 0

1 4 ~ 1 4 - i i 4 - 1 i 4 " 4 - i 1 i 4 - +

4—1 
>■ CO IC­ OO OO O CO O ' ON CO ___, i—i NO ON i n M 1 ON i—H
> d) ON NO •—4 CO NO NO CM NO Mi CO lO n NO O n m LO o c o

. o CM i—H i—H o CM o M* i—i CO Mi NO Mi CN o c o
CU a . • . . . . . . . . . . • , 0 , , . , *
> CL 1 i 4 ” 1 1 1 i t *+■ i 4 - \ 4 - f i 1 i i

c <

p
n

bO o ON m NO i—1 OO O n ■4 * o M 1 CO OO i—i r - CO M 1
b p m o o CO O n r - ON NO ON O i—H r—i OO i n i 4 i n i n

m ■—i o CM O o i—1 CM O CO Cs| m —H o r— o o
f-4 y> . • ■ . . . , • • • • • • 0 0 0 .

4 * 4 - 1 i 1 4 - 4 - 1 + 4 ~ 4 - 1 4 - i 4 * i

bO

£
4b m i NO NO m r - r - o o o o CM i—i CO ON NO i n c o

feo
OO »—H O n O n r— CM NO r— Mi CO m o o O CO CM OO

. o CM O i n o O i1 H NO i—i Mi Mi r - l—l i—i CO i n o
0 c . • . . . . . . . . . « . . , . .
> (U 1 4 - i 4 - i i “f" 1 i 4 - 4 - 1 4 - i i 4 -

C

t d
~o
u

03 a 3 a 3 cd cd cd cd cd cd cd cd ad a? cd cd cd 3 CJ 1

03 .—i CM c o 3 i n NO r - OO ON CD > ■ H CN CO Mi i n NO t— o o cd
4 b

o i—H i 1 i—H i“ 4 i— i •—I >—i 1—H o
u 2 H

O

0) 0
> >0) 0

I—I
*-> 4-1
a ib
a> 0
cu u
5h u
CU 0
CL CL
1—1 i n
<J—> 4—1
cd cd
4—> 4->
a tb
cd cd
o a

U—i «4- l

S d § )

CO CO

"O XJ T3 T3
CO OO OO OO >—i —i Mi

CM

cd O u X



28.

ao
U

JCQ
<

CO
O
D ,

£o
U

2°
'%
H

"OSh
cd

x :
o
5-<

O

CO

O
u

CDtL,

CO
O
Q .

£o
U

p
5h

ud

bo

cd
O

Oh

co
t~ H

4-*

ON —I
o o  lO  co lO

CN CN r - .—t o o uo o lO •—t CN ■41 NO CN oO r~- CN o ON ON CN O n CN LO CN o lO r -
o •—i o CO *—H O o o <—i CN O o i— i o

a * a . « ■ . a m m a a #
1 i + 1 4 - i 1 4 - s i i i 1 i 4 -

4 \ 0
^  CM o o  
c n  O

O CO NO - 4 r - r—< OO nD OO CN ON NO OO CO .—i
O OO OO CO CO CN N * i— i r - OO LO CO f—H NO NO
CN o o " 4 CO O lO i—H o — < CN CN O o

i 4 - 4 * + 4 - 4-* 4 - i 4-* 1 4 4-* 4 - i 4-’

NO NO 
O n O n 
CN CO

—i Tf CN 
O  ^  r~- 
CO O

■h 4 -

o
'4 '

-4  On 
c o  c o  
CN

CO OO CO 
nO  o o  lO  
CO i—i nO

o
LONO

OO
r -
o

o
r ~
c o

O n \ 0  CN 
O n CN LO 
LO CO '— 1

nO  < o o  
l o  r -  l o
CO "-H >—l

ON —
v Q  i 4
CN O

LO o o r - ON o r - c o O n CO LO
OO OO iO oo H NO LO OO •—H r - f—H NO ON
LO c o CN o CN CO o CN nO ——a CN o r [4

• • • • • a a a • , . , , .
1 ( i i I 4 - 1 4 - + ’ 1 1 1 1

i— I CN CO O CN ON c o r - I---1 LO CN r - LO
CO CN 4 CN o 0 - CO >—< oo OO LO LO N 1 CN
o CO LO CN CN O O r—-t H '— ( o CO O O

• » . . a * a a a a a a

4 - i i i 1 4 - 4 - 1 4 - 4 - 4 - 1 4 - t

NO o I 1 iO OO ON O lO lO CN
i— i CO CN CN oo oo CN r~ 1— 1 o LO 0 - •—H CO
O CO NO O ’— i '— i O c n — < CO CN o

« . . . a a a a a a a . •
4 - i 1 4 - 1 4 * 1 4 - 1 1 4 * 1 4 - t

LO CN ON lO ON p1 H >—H ON LO O n T—1 LO OO
o r— NO CO CO CN LO o r - OO NO oo o

W CO CN UO 1— 1 c o CO o NO i— i CN CN CN
• ■ • . a a a a a a a a • a

+ i 4 “ i 4 - 4 - 1 4 * 4 * 4 - 1 1 4 - 1

o CO CN r - OO o UO CO ----1 o OO o o \D
r - 4 CN o NO N 1 CN CO NO r - r - r - 1—(
CN lO LO o o O O O c o N 1 o c o UO

• • » . a • a a a a a a v a

4 - i i 1 4 - 4 - 1 1 4 - 1 1 1 4 - 1

LO CO o o oo O CN o o N"1 nO CN ON ON o r -
■—i CO ON ON CO o —H LO OO CO O n .— t vO

4 LO CN <— 1 i1 1 H ■41 LO H i—-4 o LO CO
• • » • • * a a » a a a a #

4 - 4 - + 4 - 4 - 4 - 1 4 - 1 4 - 4 * 4 - i

r—-4 nO O n NO ON ON NO o ON NO __, O N 1 c o
oo NO CN O CO - 4 1 NO CO NO CN

o — < 4 '— i CO N 1 NO CN CN o - O LO
. . a » a a a a « a a a « a

i 4 - 1 1 1 1 1 1 4 - 1 1 ) 4 - 1

LO CN ON LO CO LO CO OO r - NO CO
o r~- CN CO o CN o CN o <— i OO T " N f NO
o 1 1 O NO —H O o LO o -H N 1 LO LO

. • . a a a a a a a a a a a

4 - 1 4 - 1 1 1 4 - 1 1 4 - 1 1 4~ 1

'4 CO •—i CN O '- O n CN NO OO nO o LO r - r '-
4 4 NO r - LO NO CO NO r - i— i CN i—1 r - r "
CN c o o - h LO O o CO CN i 1 o CO o

4-* i 4 * i 4-* l ’ i 4 - 4 “ '* \ 1 i t

cd cd cd cd cd cd cd cd cd cd cd cd cd X3
. * . a a a . m a a a a a a

4 LO NO r - OO ON O i— i CN c o LO NO r -
i— i —H ■ ( *—H ■— t — 1 ----1 i I

CN

CN

4-*

ON
CO

O
i—H

4-‘

O 'NO
+

CN

CO
o
4 -

o

o
c o
CN

O

c o
O

o
r—

N 1
oo
o

t—
CO

ON

N 1

NO
CO
CN

CO
ON

■O
I

cd
4—1o
H

c
0 )o5-i
0 )
CL

cd

P
CD
CD
5-1
0 )Cl

LO
4—<
cd

c c
cd cdo o

§D §5 
CO CO

•a  u  x i
CO CO

cd X3 O T3

24
8 

d. 
f.



29.

C orrelation  co e ffic ien ts  w ere  a lso  ca lcu la ted  for an o v era ll evaluation  

of the rela tion sh ip  betw een the percen tage of fruit fr ee  of b itter  p it and the 23 

o b serv a tio n s  taken on 250 tr e e s  located  in the d ifferent orch ard s (Table V).

The co rre la tio n  co effic ien ts  for individual orch ard s showed that the 

p ercen tage  of fruit fr ee  o f b itter  p it w as rela ted  sign ifican tly  to a ll o f the 23 

v a r ia b le s  excep t lea f m anganese. The relationsh ip  w as sign ificant in one, 

two or  th ree orch ard s, but not m ore than three orch ard s for any one variab le . 

Both p o s it iv e  and negative co rre la tio n s w ere  found for the average length of 

tw igs, tw ig  v igor  and the percen tage of m agnesium , m anganese and phosphorous 

in the fru it sam p les, depending upon location .

When a ll of the location s w ere u sed  to determ ine an o v e r -a ll  r e la tio n ­

ship of b itter  p it to the d ifferent v a r ia b les , sign ifican t corre la tion  co effic ien ts  

w ere  found for 11 v a r ia b les .

S ign ificant negative re la tion sh ip s w ere  found for w eight of fruit, lea f  

p otassiu m , lea f boron, fruit nitrogen, fruit phosphorus, fru it potassium , and 

fru it boron. T h ese  rela tion sh ip s indicated that the percentage of fruit free  

from  b itter pit d ecrea sed  as the le v e ls  of th ese  v a r iab les  in creased . 

C onversely , a s  the le v e ls  of th ese  v a r ia b les  in creased  the p ercen t of fruit 

a ffected  w ith b itter  p it would in crea se .

S ign ificant p o s itiv e  rela tion sh ip s w ere  found for lea f m agnesium , lea f  

m an ganese, fru it ca lcium , and fru it m anganese. T h ese  rela tion sh ip s indicated



30.

tha t  the  p e r c e n t a g e  of f ru i t  f r e e  f rom  b i t t e r  pit  would i n c r e a s e  a s  the leve l s  

of the  se  v a r i a b l e s  i n c r e a s e d .  C onverse ly ,  a s  the  leve l s  of th e se  v a r i a b l e s  

i n c r e a s e d ,  the p e r c e n t  of f ru i t  a f fec ted  with b i t t e r  pit  would d e c r e a s e .

M eans  fo r  e ach  of the 24 o b s e r v a t i o n s  w e r e  c a lcu la ted  for each  o r c h a r d .  

T he  o r c h a r d  m e a n s  w e r e  a r r a n g e d  in descend ing  o r d e r ,  f rom  the h ighes t  to 

the lowest  m e a n  p e r c e n t a g e  of f ru i t  f r e e  of b i t t e r  pit.  As shown in Tab le  VI, 

the  o r c h a r d s  w e r e  div ided a c c o rd in g  to the  p e r c e n ta g e  of f ru i t  f r e e  of b i t t e r  pit  

into t h r e e  g ro u p s  of s ix  o r c h a r d s  each .  The  group a v e r a g e s  fo r  the p e r c e n t a g e  

of f r u i t  f r e e  of b i t t e r  p it  w e r e  c o m p a r e d  to the group a v e r a g e s  fo r  each  of the 

11 f a c t o r s  which w e r e  found to be c o r r e l a t e d  to the p e r c e n t  of f ru it  f r e e  of 

b i t t e r  pit  at  the one p e r c e n t  level .

The  a v e r a g e  weight of f ru i t  v a r i e d  f rom  167 g r a m s  fo r  the high group 

to 186 g r a m s  fo r  the m ed ium  group and 185 g r a m s  for the low group.  The 

n ega t ive  r e l a t io n s h ip  of the a v e r a g e  f ru i t  weight to the a v e r a g e  p e r c e n t a g e  of 

f r u i t  f r e e  of b i t t e r  p i t  i s  shown in F ig u r e  1.

The  a v e r a g e  p e r c e n t  boron  in the apple  le av es  was  . 0029 fo r  the  high 

group and . 0029 fo r  the m ed iu m  group. However ,  the low b i t t e r  p i t  f r e e  

g roup  i n c r e a s e d  to .0031 p e r c e n t  boron, a s  shown in F ig u r e  4.

The  o th e r  nine fa c to r s ,  which w e r e  shown by c o r r e l a t i o n  coef f ic ien ts  

to be r e l a t e d  to b i t t e r  pit,  followed a g e n e r a l  pa t te rn .  High leve l s  of ca lc iu m  

in the f ru i t s ,  m a g n e s iu m  in the l eaves ,  m an g an e se  in both le av e s  and f r u i t s
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F ig u re  1

A verage  p e rc e n t  of fru it  f r e e  of b i t t e r  pit  a s  affec ted  by the a v e r a g e  

weight of fruit .  (Data p r e s e n te d  in Tab le  VI. Va lues  a r e  rounded  to 

the n e a r e s t  whole number)
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w a s  c o r r e l a t e d  to b i t t e r  pit  f r e e  f ru i t .  The  r e l a t io n s h ip s  of th e se  four  e l e ­

m e n t s  to b i t t e r  p i t  f r e e  f ru i t  a r e  in F i g u r e s  2, 3, 8 and 9. With all four  

f a c to r s ,  the high group of b i t t e r  pit  f r e e  f ru i t  and the h ighes t  levels ,  the m ed ium  

group  had leve l s  a p p ro x im a te ly  midway between the high and low groups ,  and 

the  low group had  the lowest  levels .

Low leve l s  of boron  in the f r u i t s  (F ig u re  5), p o ta s s iu m  in l e av e s  and 

f r u i t s  ( F i g u r e s  6 and 7), n i t rogen  in the f r u i t s  (F ig u re  10), and  phosphate  in 

the  f r u i t s  (F ig u r e  11) which w e re  shown by c o r r e l a t i o n  coef f ic ien ts  to be a s s o ­

c ia t ed  with  a high p e r c e n ta g e  of b i t t e r  pit  f r e e  frui t ,  a l so  followed a g e n e ra l  

p a t t e r n .  T he  high group of b i t t e r  pi t  f r ee  i ru i t  had the lowest  level with all 

f ive f a c to r s .  The  low group had the h ighes t  leve l s  and the m ed ium  group,  with 

the  excep t io n  of l eaf  p o ta s s iu m ,  had lev e l s  about midway  be tween the high and 

low g ro u p s .  Lea f  p o ta s s iu m  showed a c o n s id e ra b le  i n c r e a s e  between the 

m e d iu m  and low level of b i t t e r  p it  f r e e  fruit .

Shear ,  C ran e  and  M y e r s  (39) r e p o r t e d  tha t  when the p r o p o r t i o n  of 

m a g n e s iu m  to boron  in the le av es  of tung t r e e s  (A le u r i t e s  ford i i  H e m s l ) b e ca m e  

low, boron  tox ic i ty  o c c u r r e d .

In the l eaf  s a m p le s ,  n e i th e r  the boron  content o r  the  ra t io  of m a g n es iu m  

to boron  w e r e  such  a s  to su sp e c t  boron  toxic ity .  However,  in the f ru i t  s am p le s ,  

the  r a t io  between the p e r c e n ta g e  of m ag n es iu m  and the p e r c e n ta g e  of boron  

d e c r e a s e d  a s  the p e r c e n ta g e  of b i t t e r  pit  i n c re a s e d .  The r a t i o s  obta ined  by



F ig u r e  2

A verage  p e r c e n t  of fru it  f r e e  of b i t t e r  pit  a s  a f fec ted  by the a v e r ag e

p e r c e n t  of ca lc ium in the f ru i t s .  (Data p r e s e n t e d  in Tab le  VI. Values

a r e  rounded to the n e a r e s t  second decimal)

F ig u re  3

A verage  p e r c e n t  of fru it  f r e e  of b i t t e r  pit  a s  a f fec ted  by the a v e r a g e

p e r c e n t  of m agnes ium  in the leaves .  ( Data p r e s e n t e d  in T ab le  VI.

Values  a r e  rounded to the n e a r e s t  second decimal)
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F ig u r e  4

A verage  p e rc e n t  of f ru it  f r e e  of b i t t e r  p it  a s  a f fec ted  by the a v e r ag e

p e r c e n t  of boron  in the leaves .  (Data p r e s e n t e d  in Table  VI. Values

a r e  rounded to the n e a r e s t  whole number)

F ig u re  5

A verage  p e rc e n t  of fruit  f r e e  of b i t t e r  pit  a s  a f fec ted  by the a v e r a g e

p e rc e n t  of boron in the f ru i t s .  (Data p r e s e n t e d  in Table  VI. Values

a r e  rounded  to the n e a r e s t  whole number)
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F ig u r e  6

A ve rage  p e r c e n t  of f ru it  f r e e  of b i t t e r  p it  a s  a f fec ted  by the p e r ­

cent  of p o ta ss iu m  in the leaves .  (Data p r e s e n t e d  in Tab le  VI.

Values  rounded to the n e a r e s t  second decimal)

F ig u re  7

A verage  p e rc e n t  of fruit  f r ee  of b i t t e r  pit  a s  a ffec ted  by the p e r ­

cent of po ta ss iu m  in the f ru i t s .  (Data p r e s e n t e d  in Tab le  VI.

Values  rounded to the n e a r e s t  second decim al)
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F ig u re  8

A verage  p e rc e n t  of f ru i t  f r ee  of b i t t e r  pit  a s  a f fec ted  by the a v e r a g e

p e r c e n t  of m anganese  in the leaves .  (Data p r e s e n t e d  in Tab le  VI.

Values  a r e  rounded to the n e a r e s t  whole number)

F ig u re  9

A verage  p e r c e n t  of fru it  f r ee  of b i t t e r  pit a s  a f fec ted  by the a v e r a g e

p e r c e n t  of m anganese  in the f ru i t s .  Data p r e s e n t e d  in Tab le  VI.

Values  a r e  rounded  to the n e a r e s t  whole number)
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F ig u r e  10

A verage  p e r c e n t  of fru i t  f ree  of b i t t e r  pit  a s  a f fec ted  by the a v e r a g e

p e r c e n t  of n i t rogen  in the f ru i ts .  (Data a r e  p r e s e n t e d  in T ab le  VI.

Values  a r e  rounded  to the n e a r e s t  second decim al)

F ig u r e  11

A verage  p e r c e n t  of f ru it  f r e e  of b i t t e r  pi t  a s  a f fec ted  by the a v e r ag e

p e r c e n t  of p hosphorus  in the f ru i t s .  Data  a r e  p r e s e n t e d  in T ab le  VI.

Values  a r e  rounded  to the n e a r e s t  second decimal)
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40 .

div id ing  the p e r c e n t  of m a g n es iu m  by the p e r c e n t  boron  gave v a lu es  of 20. 8, 

18 .6 ,  15 .4  fo r  the low, m ed ium  and high p e r c e n t  b i t t e r  pit  g roups ,  r e s p e c ­

t ive ly .  T h e s e  va lues ,  a c c o rd in g  to Shear ,  C rane  and M y e r s  (39) would have 

p ro d u c e d  s l ight boron  toxic ity  sy m p to m s  on the  tung  t r e e s .

Although the boron  content of the N o r th e rn  Spy apple  leaves  did not 

a p p e a r  to be in e x c e s s  o r  defic iency, when the boron  content of the f ru i t  

g r e a t l y  ex ce e d ed  the boron  content of the leaves ,  th e re  a p p e a r e d  to be an 

i n c r e a s e  in the  p e r c e n t a g e  of p i t t ed  app les .

Dunlap and T h o m p so n  (22) r e p o r t e d  effect ive  contro l ,  of what they 

c a l l e d  b i t t e r  pit  in M ary land ,  on the York  I m p e r ia l  va r ie ty .  They  used  

heavy  ap p l ic a t io n s  of Solubor du r in g  full bloom and at  p e ta l  fall.

Boron app l ica t ions  app l ied  dur ing  the l a t e r  s tages  of f ru i t  developm ent  

did not s ign i f ican t ly  d e c r e a s e  o r  i n c r e a s e  the p e rc e n ta g e  of p i t ted  app les .  

However ,  h ighe r  boron  leve l s  m a y  be r e q u i r e d  du r ing  the e a r l y  s t a g e s  of 

s eed  fo r m a t io n  and f ru i t  deve lopm ent  than m ay  be r e q u i r e d  dur ing  the p e r io d s  

of f ru i t  enlargement and m a tu ra t io n .  T h e re fo re ,  boron  app l ica t ions  m ade  

l a t e r  in the s e a s o n  m a y  be ineffec tive  in a l t e r in g  the o c c u r r e n c e  of b i t t e r  

pit .
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DISCUSSION

Of the 23 f a c to r s ,  which w e re  s tudied a s  a p o s s ib i l i ty  of having  an in ­

f luence  on he deve lopm ent  of b i t t e r  pit,  the p e r c e n ta g e  of m a n g an e se  found 

in the leaf  s a m p l e s  w as  the only f a c to r  which did not c o r r e l a t e  with b i t t e r  

p it  deve lopm ent  in at  l e a s t  one o r  m o r e  o r c h a r d s .  T h e se  findings help to 

exp la in  s o m e  of the d i s c r e p a n c i e s  which a r e  found in the l i t e r a tu r e .

Studies  confined to a single  o r c h a r d  m a y  not a g r e e  with the finding of 

a l a r g e r  popula tion.  F o r  example ,  the e n t i r e  popula tion of the 18 o r c h a r d s  

showed a s ign i f ican t  r e la t io n sh ip  between the o c c u r r e n c e  of b i t t e r  pi t  and 

leaf  m a n g an e s e .  However,  no one o r c h a r d  showed such  a r e la t ionsh ip .

The  p o s s ib i l i ty  of f o r e c a s t i n g  the o c c u r r e n c e  of b i t t e r  pi t  f rom leaf, 

f ru i t  o r  twig a n a ly s i s  would a p p e a r  to be r e l a t iv e ly  r e m o te .  However,  the 

r e l a t i o n s h ip s  found fo r  the  e n t i r e  popula tion sugges t  that  the o c c u r r e n c e  

of b i t t e r  pi t  m a y  be r e l a t e d  to nu tr i t iona l  condit ions .  The  bes t  m e thod  of 

a s s e s s i n g  the  n u t r i t io n a l  fa c to r  is not im m e d ia te ly  appa ren t .  C ons ide ra t ion  

of the r e l a t i v e  level of nu t r i t io n  in individual  o r c h a r d s  will be n e c e s s a r y  to 

m o r e  a c c u r a t e l y  d iagnose  the f a c to r  o r  f a c to r s  influencing b i t t e r  pit  d eve lop ­

m ent .

Throughou t  the  l i t e r a t u r e ,  r e f e r e n c e s  w e re  m ade  to boron  a s  being 

e f fec t ive  in the con t ro l  of o th e r  co rk y  d i s o r d e r s ,  without having an effect  on 

the co n t ro l  of b i t t e r  pit .
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R e s u l t s  f rom  th is  s tudy indica te  that  high leve l s  of boron  in the leaf 

o r  m a t u r e  f ru i t  t i s s u e  m a y  i n c r e a s e  the tendency  fo r  N o r th e rn  Spy app les  

to pit.

Boron a p p e a r s  to function in c e r t a i n  e n zy m a t ic  s y s t e m s  a s  a c a ta ly s t  o r  

r e a c t io n  r e g u la to r .  When boron  is  in e i t h e r  e x c e s s  o r  is  deficient,  n e c ro t ic  

a r e a s  a p p e a r  in the  f le sh  of the fru it .  Because  of the s i m i l a r i t y  in a p p e a r ­

ance  be tween  b i t t e r  p i t  and  o th e r  phys io log ica l  d i s o r d e r s ,  m o s t  of the r e ­

s e a r c h  has  been with the addit ion  of boron  in an a t t e m p t  to c o r r e c t  the d i s ­

o r d e r .

High leve l s  of p h o sp h o ru s  in the  f le sh  of the apple  a p p e a re d  to i n c r e a s e  

the p e r c e n t a g e  of p i t ted  f ru i ts .

P h o sp h o ru s  is  e s s e n t i a l  fo r  the fo rm a t io n  of nucle ic  ac ids ,  lec i th in  

and n u c l e o - p r o t e in s .  Phosphorus  is a l so  v e r y  e s s e n t i a l  in the r e s p i r a t o r y  

p r o c e s s e s  invo lv ing high e n e r g y  phosphate  bonds. If the r e s p i r a t o r y  p r o ­

c e s s e s  w e re  in c r e a s e d ,  co l lapse  of the cell  wall  could p o s s ib ly  o ccu r .  It 

would then be n e c e s s a r y  to e s t a b l i s h  w he ther  the high p h o sp h o ru s  leve ls  

i n c r e a s e d  the r a t e s  of r e s p i r a t i o n ,  o r  the i n c r e a s e d  r a t e  of r e s p i r a t i o n  brought 

about the  high p h o s p h o ru s  levels .

Although leaf n i t rogen  did not a p p e a r  to have an ef fect  on the p e r c e n ta g e  

of b i t t e r  pit, the am ount  of n i t rogen  in the f lesh  of the apple ap p a ren t ly  did 

i n c r e a s e  the p e r c e n t a g e  of p i t ted  app les .  As the p e r c e n t  of n i t rogen  in c r e a s e d



in the apple fle sh , the p ercen tage of pitted app les a lso  in crea sed . E x c e ss iv e  

n itrogen  le v e ls  in the fruit has a tendency to reduce the soluble so lid s  and 

help crea te  a la rg e  soft fruit, with a short storage life . The high nitrogen  

v a lu es  found in the low p ercent b itter pit free  group would support th is  

th eory. Many of the tr e e s  which had the h igh est percentage of pitted apples  

w ere  a lso  v ery  high in nitrogen.

Butler and Dunn (7) reported  that high potassium  le v e ls  appeared to 

in c r ea se  the p ercen tage of b itter pit and th is was p articu larly  true if  high 

le v e ls  of n itrogen  w ere a lso  presen t. The orchards which had the highest 

p ercen tage  of p itted  fruit in this study w ere a lso  orchards which w ere high 

in both n itrogen  and potassium .

Of a ll the fa c to rs  which w ere corre la ted  to an in crea se  in the percentage  

of b itter  pit, potassium  probably has the g rea test influence. A verages of 

1. 82, 1. 89 and 2. 03 p ercent potassium  w ere found in the low, m edium and 

high p ercen t b itter  pit groups resp ec tiv e ly . A s the percentage o f potassium  

in crea sed  in the le a v es  and in the fru its, the percent of b itter pit fruit in ­

crea sed .

The va lu es  for the p ercen t o f potassium  found in the lea v es  w ere con­

sid erab ly  h igher than the standard com position  value of 1. 50 p ercen t reported  

by Kenworthy (33).

The high potassiu m  va lu es found in the lea v es  m ay account for the



sign ifican t p o s itiv e  corre la tion  co effic ien ts  obtained betw een lea f p otassium  

and the p ercen t of m agnesium  found in the le a v es  and the p ercen t m anganese  

found in the le a v es  and the fru its . An e x c e s s  of potassium  d ecrea sed  the 

absorption  of m agnesium  and m anganese. A s the le v e ls  of potassium  in ­

c r e a se d  in the lea f sam p les, the percent of m agnesium  and m anganese  

found in the le a v es  d ecreased . Highly sign ificant negative corre la tion  c o ­

e ffic ie n ts  o f - . 654 ex isted  between lea f potassium  and lea f m agnesium  and 

- . 3 2 9  betw een lea f p otassium  and lea f m anganese. A correla tion  coeffic ien t  

of . 160 w as needed to be sign ifican t at the one percent level.

A sign ifican t negative corre la tion  of - .  193 ex isted  betw een the p e r ­

cent p otassiu m  in the lea v es  and the percent m anganese in the fruit and a 

s ign ifican t co rre la tio n  coeffic ien t, at the five percent lev e l betw een the 

fru it potassium  and the fruit m anganese.

Although the p ercen t of m agnesium  found in the lea v es  and the percen t 

m anganese found in both the fru its and lea v es  showed sign ifican t p o sitiv e  

co rre la tio n  co e ffic ien ts  at the one percent lev e l with the p ercen t of b itter  

pit fruit, they probably had little  if any effect upon fruit pitting. The r e la ­

tionship betw een the occu rren ce  of b itter pit and eith er  m agnesium  or m an­

gan ese  m ay be d irectly  rela ted  to potassium , sin ce  potassium  fe r t il iz e r s  

have been applied, thus the lev e l of potassium  m ay be the operative factor.

A dditional stu d ies would have to be conducted with low er le v e ls  of
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p o t a s s i u m  to d e t e r m in e  w he the r  o r  not m ag n es iu m  a n d / o r  m a n g a n e s e  could 

be c o n s i d e r e d  f a c to r s  in r ed u c in g  the p e r c e n t  of b i t t e r  pit  fru it .

The  a v e r a g e  ca lc ium  p e r c e n t a g e  for the 250 N o r th e rn  Spy t r e e s ,  which 

w e r e  u n d e r  o b se rva t ion ,  was 1. 16 p e rc e n t .  Only five o r c h a r d s  out of the 18 

u s e d  in th is  s tudy a p p ro a c h e d  the s tan d a rd  com pos i t ion  va lue  of 1. 40 p e rc en t ,  

which  w as  r e p o r t e d  by Kenworthy  (33), and five o r c h a r d s  had an a v e r a g e  of 

1. 00 p e r c e n t  o r  l e s s .

In th i s  study, the  p e r c e n t  of ca lc ium in the le av es  did not a p p e a r  to 

inf luence  the p e r c e n t  of ca lc ium  in the f ru i t s .  The  c o r r e l a t i o n  coef fic ient 

be tw een  the l eaf  ca lc ium  and the f ru i t  ca lc ium  was  +. 050, w h e r e a s  . 125 

w a s  needed  to be s ign if ican t  a t  the five p e r c e n t  level .  T h i s  re la t io n sh ip  was  

a l so  a p p a r e n t  f rom  the leaf  ca lc ium m e an s .  The  o r c h a r d s  with the high 

ca lc iu m  in the le av e s  w e re  found in the high, m ed ium  and low b i t t e r  pit  

g roups .

Low lev e l s  of ca lc ium  have been a s s o c i a t e d  to some extent with soft 

f r u i t s .  G e n e r a l  o b s e r v a t io n s  ind ica ted  that  the  m o s t  s e v e r e ly  a f fec ted  f ru i t s  

w e re  th o se  which had  the  a p p e a r a n c e  of being soft and a d n o rm a l ly  la rge .

Low c lac iu m  leve l s  in the f ru i t  w ere  a lso  found by DeLong (20) to be 

a s s o c i a t e d  with  an i n c r e a s e  in the p e rc e n ta g e  of b i t t e r  pit .

An in te r a c t io n  between p o ta s s iu m  and ca lc ium  a lso  e x i s t s .  As the p e r ­

cen tage  of p o ta s s iu m  i n c r e a s e s ,  the p e rc en ta g e  of ca lc ium  d e c r e a s e s .  S ign i f i ­

cant nega t ive  c o r r e l a t i o n  coef f ic ien ts  ex is ted  between the p e r c e n t  of ca lc ium



found in  the fru it and p ercen t of potassium  found in both the lea v es  and 

fru its .

It is  in tere stin g  to note that high le v e ls  of the th ree m ajor e lem en ts  

(nitrogen, phosphorus and p otassium ) appear to in crea se  the p ercentage  

o f b itter  pit fru its , w hile m agnesium  and calcium  tend to d ecrea se  the 

p ercen tage  of b itter  pit.

The su rvey  sh eets  returned by he grow ers indicated no orchard  

o p eration s or so il m anagem ent p ra c tices , during the la st three yea rs , 

w hich could account for  the d ifferen ces in the percentage of b itter pit between  

o rch ard s. H ow ever, som e gen era l ob serva tion s could be m ade by rev iew ing  

changes w hich have occu rred  during the la st fifteen  y ea rs .

P rior to 1946, b itter p it w as not the problem  it appears to be at the 

p resen t tim e, a s  b itter pit w as not reported as  being sev ere  on o lder b ea r ­

ing tr e e s . H owever, b itter  pit has alw ays been a problem  on young N orthern  

Spy tr e e s  ju st com ing into production.

About 1946, the p r o c e s so r s  started  to demand la rg er  apples, as  

app les under 2 1 /2  inches in d iam eter w ere graded down because of the 

w astage which occu rred  during the p ee lin g  p r o c ess . To obtain the la rger  

app les a shift w as m ade in the fe r tiliz e r  program  to in crea se  the lev e l of 

nitrogen. A lso , about 1948, the general u se  of com plete fe r t iliz e r s  began  

accord in g  to Kenworthy (32). At the sam e tim e, sp eed -sp ra y ers  w ere



co m in g  into p ra c tice  and to fa c ilita te  the new m ethod o f spraying, heavy  

pruning p r a c tic e s  w ere  adopted. The extra pruning resu lted  in the sam e  

e ffec t a s  the addition of heavy applications of nitrogen fe r t iliz e r .

The y e a rs  fo llow ing World War II w ere  good y ea rs  for the apple 

p rod u cers. M ost of the o rch ard ists  made m oney on apples, consequently  

m ore m oney w as spent for fe r t il iz e r  than ev er  before.

By 1953 or 1954, the full e ffect of the in crea sed  fe r t iliz e r  program  

p lu s the m ore r igorou s pruning p r a c tic es  w ere  beginning to have th eir full 

e ffec t. S ince 1953-54, b itter pit has becom e a m ajor problem  with the 

N orthern Spy apple prod u cers. Not only are the m ore su scep tib le  v a r ie t ie s  

bothered with th is  d isord er, but it is  now being ob served  in v a r ie t ie s  such  

a s  D e lic io u s , w hich have had a r es is ta n ce  to the d isorder.

From  th is  study, it would appear that perhaps the percentage of b itter  

pit app les m ay be reduced by discontinuing the in d iscrim in ate  u se of f e r t i ­

liz e r , p a rticu la r ly  potassium , and applying D olom itic lim e to in crea se  the 

le v e l of m agnesium  and ca lciu m . With an in crea se  of ca lcium , the lev e l of 

boron and potassiu m  m ay be reduced. However, as heavy lim e ap p lica ­

tions b ecom e e ffec tiv e , an abundance of nitrogen, which could a lso  be 

detrim ental, m ay be r e le a sed  and the potassium  lev e l becom e too low.

T h ere is  no doubt in the author’s opinion that other factors, such
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a s  c l im a t ic  cond itions , m ay  be c o r r e la t e d  to b i t te r  pit developm ent. T h e re  

is  a lso  no doubt tha t a  b a lan ced  n u tr i t io n a l  p ro g r a m  is  one of the m a jo r  

f a c to r s  in re d u c in g  the p e rc e n ta g e  of b i t te r  p it  w ith in  an o rc h a rd .  How­

e v e r ,  it a p p e a r s  doubtful tha t any one t r e a tm e n t  will solve the b i t te r  p it 

p ro b le m .  With so m any fa c to r s  to c o n s id e r  a s  c a u sa l  agen ts ,  e ac h  o rc h a rd ,  

o r  even  s e c t io n s  of an  o r c h a r d  m ay  have to be c o n s id e re d  independently .

When h y p o the tica l  v a lu es  fo r  leaf  and f ru i t  co m posit ion  w e re  c a lc u ­

la ted  f rom  the v a r ia n c e  and c o -v a r ia n c e  of each  fac to r ,  the hypothetical 

va lue  of e ac h  of the e lev en  fa c to r s  found to be a s s o c ia te d  with b i t t e r  pit, 

w e re  v e r y  s im i l a r  to the a v e ra g e  va lu es  fo r  the s ix  o r c h a r d s  w hich had 

the le a s t  am oun t of b i t t e r  p it.



SUMMARY

Many v a r ie t ie s  of app les are affected  with a p h ysio log ica l d isord er  

known a s  b itter  pit. The Northern Spy variety , M ichigan's leading p r o c e ss  

ing apple, is  s e v e r e ly  a ffected  by th is d isord er.

T h is study w as undertaken to determ ine the e ffect of m in era l n u tri­

tion on the occu rren ce  of b itter pit in N orthern Spy app les in M ichigan.

T en tr e e s  at the M ichigan State U n iversity  H orticultural farm , E ast 

L ansing, 20 tr e e s  at the M ichigan State U n iversity  Graham E xperim ent 

Station, Grand R apids, and 15 tr e e s  in each of 16 co m m ercia l orchards  

loca ted  in the m ajor apple producing a rea s , w ere used  for th is study.

T w ig sam p les  co n sistin g  of the 1957 shoot growth w ere co llected  

from  a ll tr e e s  in M arch 1958, except the 20 located  at the Graham E xp eri­

m ent Station. The average length of term inal growth w as m easu red  and 

the average dry w eight p er  cen tim eter  of growth w as calcu lated . The p e r ­

cent o f n itrogen and potassium  w as determ ined in the tw ig sam p les.

L eaf sa m p les  w ere  co llected  from a ll tr e e s  in July 1958 and analyzed  

for boron, ca lciu m , copper, iron, m agnesium , m anganese, nitrogen, phos 

phorus, and p otassiu m .

To te s t  the e ffe c t iv en ess  of calcium  nitrate and boron sp rays for the 

control of b itter  pit, the 15 tr e e s  in each of the 16 com m ercia l orchards



w ere  divided into three blocks of five tr e e s  each . F ive  tr e e s  rece iv ed  

one pound of boric  acid  per  100 gallons of spray s ix  w eek s follow ing full 

bloom . F iv e  tr e e s  rece iv ed  two applications of calcium  nitrate at one 

pound p er  100 ga llon s of spray at four and s ix  w eek s p rior  to h arvest.

F iv e  tr e e s  w ere  not treated .

F ifty  app les w ere  co llec ted  from  each  tree  at h arvest and stored  for 

two w eek s at room  tem p erature. F orty  apples w ere  then se lec ted , w eighed, 

evaluated  for extern al pitting, s liced , and evaluated for internal pitting.

A sec tio n  w as taken from  the cen ter s l ic e  of each apple to form a fruit 

sam ple, which w as analyzed for the sam e nine e lem en ts  that are lis te d  for  

the le a f sam p les.

A n a ly sis  of varian ce  on the percentage of fruit free  of b itter p it found 

in the s ix teen  co m m erc ia l orchards show ed there w ere no sign ificant d iffer ­

en ces  due to trea tm en ts. A sign ificant d ifference at the one percen t le v e l  

did e x is t  betw een orch ard s. The in teraction  betw een treatm ents and lo c a ­

tion s w as not sign ifican t.

C orrelation  co e ffic ien ts  w ere  ca lcu lated  by orchard s for 23 m easured  

v a r ia b le s  on each  tr e e  in 17 orchards, and 20 var ia b les  on the 20 tr e e s  at 

the Graham E xperim ent Station, against the percentage of b itter pit free  

fru it. A ll v a r ia b les  showed a sign ifican t correla tion  in at lea st one or m ore  

orch ard s with the exception  of the percen t m anganese in the lea f sam p les.



C orrelation  co effic ien ts  w ere  ca lcu lated  for 23 ob servation s on 250 

tr e e s  aga in st the p ercen t of b itter  pit free  fruit. The r e su lts  showed the 

fo llow ing rela tion sh ip s:

1. The percen t of fruit with b itter p it in crea sed  as:
a. S ize of fruit in creased .
b. Boron in the lea v es  in creased .
c. Boron in the fru its in creased .
d. Potassium  in the le a v es  in creased .
e. Potassium  in the fru its in creased . *
f. N itrogen in the fru its in creased .
g. Phosphorus in the fru its in creased .

2. The percent of fru its with b itter pit d ecrea sed  as:
a. Calcium  in the fru its  in creased .
b. M agnesium  in the lea v es  in creased .
c. M anganese in the le a v es  in creased .
d. M anganese in the fru its in creased .

From  th is  study it would appear that b itter pit could be caused  by 

m any fa c to rs . It w as noted that when one or  m ore of the above e lem en ts  

w as out of balance the percentage of b itter pit w as in creased . However, 

a s  a gen era l program , the discontinuation of the u se  of com plete f e r t i l i ­

z e r s  to reduce the p otassium  le v e ls  and applications of dolom itic lim e to 

in c r ea se  the calcium  le v e ls  and d ecrea se  the le v e ls  of boron and potassium  

a re  recom m ended.

With a p rop er balance o f m ineral nutrition, it would appear that the 

p ercen tage of b itter  p it apples m ay be reduced.
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GROWER INFORMATION FOR BITTER PIT STUDY, 1958

The inform ation  req u ested  below is  to be used  in helping to determ ine the fac to rs  
w hich ca u se  b itter  p it in N orthern Spy app les. T h is study is  being conducted by 
the D epartm ent o f H orticulture, M ichigan State U niversity , in cooperation  with  
The C herry G row ers, Inc.

Owner (or nam e of orchard)______________________A ddress:

 ____________________________Age of tr ees:______Date of full bloom:______________

W eather conditions during bloom: warm , cool, cold, calm , slight
b r e e z e ,  w in d y, no r a in , light r a in ,  heavy rain .

Y ield: 1958 (estim ated) 1957 1956
Light _____
Medium
Heavy _____

F e r t il iz e r  program  for the past three years:
Y ear Type of fe r t iliz e r  Amount used  T im e of application M ethod of application
1958 __________________  __________________________________________________________

1957_____________________  __________________________________________________________

1956_____________________  ____________ _____________________________________________

Has the orchard been lim ed?_______ when_______type of lim e used________ amount

Soil m anagem ent: __________ sod,  sod plus m u lch ,________ clean  cultivation

Pruning program  for la s t three years: 1958 (estim ated) 1957 1956
None ____  ____  ____
Light ____  _____  ____
Medium ____  _____  ____
H eavy ____  _____ ____

A verage length of the term inal growth:________ inches. It w as
weak, m edium ,  vigorous

Spray program :
Method o f thinning:___________________________________________________________________
Spray m a ter ia ls:

In sectic id es:_______________ _________
F u n gicides:____________________ ___________________________________________________

Stop-drop sp rays:__________________

G eneral rem arks:



Each page of Table 2 p resen ts  the data co llec ted  from  one 

orchard , w ith the exception  of the la s t  two pages, which p resen t the 

data c o lle c te d  from  one orchard,
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^ 2 2 S 3 £ ? 2 2 3 £ 2 J 3 £ S 2 S 2 cocr3CV* ĉ ' ^ i ' ' - cQ c'Qer32 2 o o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o o o o

o o o c o o r - t ^ O N c o O N r ^ N o m o o ' ^ O N o o o o o
S ^ ^ O Q O O — l O O r - H ^ ^ ^ H ^ H W ^ H ^ - l ^ H O2 2 2 2 2 2 2 2 2 o o ° o 0 0 o o o o oo o o o o o o o o o o o o o o o o o o o

O O O ' O h Q O ' O v O ^ O N r ' Q O o O ^ O N N O ' o C J N N N
O i —l O O O O O O O O O O O O  o o o o o o

UO UO LO [^ - ■—i l N ' 1 i C O v O v O o O o C ^ l D r ^ C C , t i O v O < 3

« ' t >- M C O i , ^ ( N i n c o o o c O ' O c O D O « 0 ' ^ H ' t l Or ^NONo r - r - r - r - Not ^- Nor - NONOvoc ^r ^vor - r - NO

cNONt^-t^i—i ooc s- ' —i i oONr^-—l ONc s i o o h - i o c o c c c o  ^ c o c j c o ^ c o c o c o c o c o c o c o c N r t N c o c o c c i N c o

£ N | ( N O \ O o O ' ^ Mt s- O O l / 5 - ^ O H C O O O H N r v {Y30 HHCO' t ^ O i n ,  H O N \ O N l C i , HOOVOHHONOO'^
i—H  i-H  CN I—H i—H i— l i” I i— l i-H  CN i-H  i— l CN i-H  i—H  C N  r-H i— I i— I 1—H

a>
CD .  
Jh O
E-* Z

0 0 ON O i-H
•

CN
•

CO
•

UO
•

NO r " OO
•

ON o i—4 CN CO uo NO r -
oo oo ON ON ON ON ON ON O n ON ON ON o o o o o o o o
CO CO CO CO CO CO co co CO CO co CO ' d H Tt*

edo
•r-H
X!
S'
too
Jh*->O(U
cn •

CQ
T3 P
CL) o
a •rH4-1■H cd
6 P
Jh
CD

• r-H
g4-1 JH0)

13 CD4-1
0) CD13
Jh
CD JD
£ 'bO

CU P*»-H
13 cn
a
cd g
p o

Jh
S <H

cn
4-J

b b

s
P
cn

CD

CD
Jh

— I

P
u

P•i—i
cd
g

cd CD

V Jh
cd

PQ
• '

Jh
Ocn H-.

••—1
cn cn
cd CD

rQ P

"cd
Jh >

XJ CDi
P
CD

rP
E-

>o , .

^  ±-> 
a  ̂o £

1 3  r—  
CD X  J co cd cn 13
2 £  
g- w
CD ni

-Qcn
Si £
cd

>|

XJ
a
cd


