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THE DEVELOPMENT OF STORAGE SCAB OF APPLE

INTRODUCTION

The d is e a se  o f ap p les  known as  "scab" i s  of m ajor im portance in  a l l  

c o u n tr ie s  where ap p les  a re  grown* In  England, New Zealand, South A fric a , 

and A u s tra l ia  t h i s  d ise a se  i s  c a l le d  "b lack  s p o t”, w hile  in  Germany i t  

i s  r e f e r r e d  to  as " s c u r f11 and sometimes as " r u s t" .  Apple scab was f i r s t  

re p o rte d  hy F r ie s  (UH)* in  1819 from Sweden. W allro th  (110) in  1833 

observed  th e  d isea se  on ap p les  in  Germany, and de Schw einitz (99) in  

I 83U re p o r te d  i t  as o ccu rrin g  on Newton P ip p in  app les from New York, and 

P ennsy lvan ia  o rchards in  th e  U nited  S ta tes*  In  Maryland apple scab was 

f i r s t  re p o rte d  by Brunk (18) in  1891.

Apple scab i s  caused  by th e  fungus V en tu ria  in a e a u a lis  (C ke.) W int.

In  1819 F r ie s  (*+H) c a l le d  th e  c o n id ia l  s tag e  o f th e  scab fungus S n ilocaea  

•pomi. Again in  1829 P r ie s  (U5 ) w rite s  "Uber n ic h t iramer en tw ickeln  s ich  

R o stf le ck en , s ie  sind  sogar manchmal warum s ie  fr tth e r  n ic h t beobachet 

worden sind ; aber so lche  s t e r i l e  K rusten s in d  den Mycologen la n g s t bekannt 

u n te r  dem Namen S p ilocaea  pomi (F r .)" «  W allro th  (110) in  1833 c a l le d  th e  

same s tag e  by th e  name of Clados~porium den d riticu m . Fuckel (^ 6 ) in  I 869 

t r a n s fe r r e d  th e  c o n id ia l  s tag e  to  th e  genus Pusicladium  and named i t  

Fusiclad ium  d en d riticu m . The p e r f e c t ,  o r p e r i th e c i a l  s tage  was f i r s t  

d esc rib ed  by Cooke (23) in  1866; and he named i t  S n h ae re lla  in a e a u a l is . 

W inter (119) in  1880 t r a n s fe r r e d  t h i s  fungus to  th e  genus V en tu ria . and 

c a l le d  i t  V en tu ria  in a e a u a l is . Aderhold ( 3 ) in  I 896 connected th e  c o n id ia l

* Numbers in  p a ren th ese s  r e f e r  to  L i te r a tu re  C ited .
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s tag e  o f th e  fungus w ith  th e  p e r i th e c i a l  s tag e  and c a l le d  i t  V en tu ria  

in a e a u a l i s .

Apple scab s tu d ie s  have consumed th e  en e rg ie s  of many a rd en t re sea rc h  

w orkers in  p la n t p a th o lo g y , bu t in v e s t ig a t io n s  on th e  n a tu re  o f th e  de­

velopment of th e  scab le s io n s  on f r u i t s  w hile  in  s to rag e  have been few 

and in c o n c lu s iv e . An a ttem pt has been made in  t h i s  in v e s t ig a t io n  to  p ro­

duce s to ra g e  scab a r t i f i c i a l l y  on h a rv e s te d  f r u i t s  by in o c u la tio n ; to  

i s o la t e  and grow th e  fungus from d i f f e r e n t  ty p es  of s to rag e  scab le s io n s ; 

to  s tudy  th e  n a tu re  of th e  h o s t - p a r a s i te  r e la t io n s h ip  on s to re d  f r u i t s  

of s e v e ra l v a r ie t i e s  o f app le ; and to  compare in  d i f f e r e n t  re s p e c ts  th e  

s to ra g e  scab w ith  th e  p re -s to ra g e  scab le s io n s .

REVIEW OE LITERATURE OR APPLE STORAGE SCAB

There a re  numerous re fe re n ce s  in  th e  world*s l i t e r a t u r e  th a t  r e l a t e  

to  s to ra g e  scab* Most of th e se , however, m erely mention th e  e x is ten c e  of 

th e  d is e a s e , and b u t few have made d e f in i te  s c i e n t i f i c  c o n tr ib u tio n s  to  

the  s u b je c t .

Apple scab i s  a  d i s t in c t  economic problem to  th e  f r u i t  grow er; th e  

development o f new scab le s io n s  on s to re d  ap p les adds g re a t ly  to  th e  lo s se s  

of commercial apple grow ers. Losses a re  r e f le c te d  in  a  s lac k  pack because 

of excessive  ev apo ra tion  from the  a f fe c te d  le s io n s  ( 10 ) (SS); from u n s ig h tly  

appearance of th e  f r u i t ,  which throws th e  f r u i t  out of g rade , and makes fo r  

an u n sa le a b le  p ro d u c t; and by p ro v id in g  an avenue of en tran ce  f o r  o th e r  

sap ro p h y tic  and p a r a s i t i c  s to rag e  organism s, such as Cephalothecium roseum 

(C da .) ,  Corticium  centrifugum  (L ev.) B re s .,  and P e n ic illiu m  expansum (Lk.) 

emend. Thom. (1 0 ). Such s to rag e  r o t s  cause more ra p id  d e te r io r a t io n  o f the 

s to re d  f r u i t  (9^ ) .
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Symptoms and H is to ry  of th e  S torage Scab D isease

The scab fungus, V en tu ria  in a e a u a lis  (C ke.) W int. p roduces d e f in i te  

symptoms on th e  le a v e s , tw ig s , c a ly x , p e t io le ,  and th e  f r u i t  o f th e  ap p le . 

This th e s i s  i s  concerned w ith  the  fungus and th e  symptoms produced by i t  

on th e  f r u i t*  Most c u l t iv a te d  v a r i e t i e s  of app le  f r u i t s  a re  s u s c e p t ib le ,  

a lthough  degrees of r e s is ta n c e  a re  observed in  many v a r i e t i e s .  Braun ( l l )  

observed in  th e  humid a reas  of Germany th a t  a l l  v a r i e t i e s  become in fe c te d  

w ith  scab , and th e  f r u i t  may be in fe s te d  a t  any s tag e  of development p r io r  

to  m a tu r ity . Young f r u i t  i s  more r e a d i ly  a tta c k e d  th an  o ld e r  f r u i t  (3 ) 

( 67 ) (1 1 8 ). The appearance of scab le s io n s  on th e  mature f r u i t  which 

develop w hile  in  s to rag e  a re  d i s t i n c t ly  d i f f e r e n t  from those  th a t  appear 

on th e  f r u i t  du ring  th e  growing p e rio d  in  th e  sp rin g  and e a r ly  summer. 

These e a r ly  season scab le s io n s  have somewhat th e  fo llow ing  appearance;

The young spo ts  a re  more or l e s s  c i r c u la r  in  o u t l in e ,  dark  o l iv e  in  c o lo r , 

w ith  a  c h a r a c te r i s t i c  v e lv e ty  appearance and th e  f r u i t  c u t ic le  i s  o f te n  

to m  away except f o r  a  narrow f r in g e  a t  th e  edge ( 17 )• An o ld e r  le s io n  

i s  m ostly  c i r c u la r  in  o u t l in e ,  dark  g ray  to  brown in  c o lo r ,  w ith  a  s i lv e ry  

o v erlap p in g  border c o n s is t in g  o f th e  r a is e d  and fray e d  m argins o f th e  rup­

tu re d  c u t i c l e .

S torage scab le s io n s  d i f f e r  so much from those  appearing  on th e  f r u i t  

a t  h a rv e s t tim e th a t  th ey  may be m istaken  fo r  some form of ''functional** 

sp o ttin g  as expressed  by S ta e h e lin  (103 ), o r some o th e r  fu n g a l spot l ik e  

Brooks* spo t (1 2 ) . The symptoms vary  w ith  th e  many v a r ie t i e s  of ap p les 

on which i t  i s  found, and w ith  th e  c lim a tic  co n d itio n s  so c lo s e ly  a sso c i­

a te d  w ith  scab development in  s to ra g e . S torage scab le s io n s  appear under 

the  f r u i t  c u t ic le  as sm all dark  brown to  b la c k , g l is te n in g , smooth s p o ts . 

W allace (109) d esc rib ed  th ese  le s io n s  as be ing  b lack  and more dense than
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th e  p re -s to ra g e  s p o ts . B rooks, Cooley, and W isher (16) d e sc rib e d  the  

le s io n s  a s  "being ’’smooth, b la c k , and sunken, sometimes a t ta in in g  a d iam eter 

o f o n e -q u a rte r  of an inch  b e fo re  the  fungus b reaks th ru  to  the  s u rfa c e , 

o r cau sin g  any roughness o f th e  s k in ”. Wormald (120) re fe r re d  to  them as 

”p in -h e a d , je t - b la c k  in f e c t io n s ”, and d e sc rib ed  s to ra g e  scab as having  

th re e  forms (121), as fo llo w s: ( l )  saucershape, sh in y , j e t - b la c k  de­

p re s s io n s  w ith  m argins w e ll d e fin ed ; (2) s u p e r f ic ia l  dark  brown sp o ts  

showing lobed growth w ith  i r r e g u la r  m argins; and (3) very  sm all d o t- l ik e  

p in -h ead  sp o ts  ju s t  v i s ib le  to  th e  naked eye.

Rose e t a l .  (87) concluded th a t  th e  c u t ic le  i s  not o f te n  broken where 

th e re  i s  s to rag e  scab developm ent, and th a t  th e  su rfa ce  of th e  le s io n  i s  

sh in y , dark-brown to  je t - b la c k ,  s l ig h t ly  roughened on the  su rfa c e , and 

may vary  from o n e -s ix te e n th  to  o n e -q u a rte r o f an inch  in  d iam e te r. Laubert 

(69) d e sc rib ed  th e se  le s io n s  as l i t t l e  b lack  o r brown specks w ith  o r w ith­

out d a rk  i r r e g u la r  b o rd e rs , having a  d iam eter of from .5  to  5 m illim e te rs , 

and an upper su rface  which i s  smooth to  s l ig h t ly  w rink led . Wortman (122) 

r e la te d  th a t th e re  a re  numerous brown spo ts produced on th e  su rfa ce  of th e  

f r u i t  which a re  se p a ra te  and d i s t i n c t  and are  about 1 to  5 m illim e te rs  in  

d iam e ter.

Cobb (21) in  1892 b e lie v e d  th a t  s to rag e  scab was p a r a s i t i c  in  o r ig in .  

He d esc rib ed  i t  as c o n s is t in g  o f sm all brown sp o ts  surrounded by green 

t is su e #  Faes and S ta e h e lin  (33) d esc rib ed  s to ra g e  scab as fo llo w s: "On

re c o n n a it l a  t ra v e lu re  ta rd iv e  a  ses prem iers s tad e s  d ’e v a lu tio n , aux 

ta ch e s  n o ire s  l i s s e s ,  a  p e in e  s a i l l a n te s  qui sont d is se m in ie r  a  l a  su rface  

du f r u i t ” . F rick h in g e r (^3) found th e se  le s io n s  to  be sm all, brown or 

b la c k  in  c o lo r , and very  ap t to  m islead  s c i e n t i s t s  not acq u a in ted  w ith  th i s  

d i s t i n c t  symptom. O sterw alder (85) d esc rib ed  a h e re to fo re  unknown d isea se
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on u n rip e  f r u i t s ,  which may he th e  s to rag e  form  of scab. He d esc rib ed  the  

le s io n s  as be ing  smooth and g l is te n in g ,  w ith  f im b r ia te  edges and m easuring 

from .5  to  m illim e te rs  in  w id th . The fungus i s  a  weak p a r a s i t e  grad­

u a l ly  p e n e tr a t in g  th e  ep iderm is w ithout ru p tu r in g  i t .  T his d e s c r ip t io n  of 

th e  symptoms i s  much l ik e  th a t  of a  ty p ic a l  s to ra g e  scab d e sc rib e d  by 

L aubert (70)* Wiesmann (113) r e f e r r e d  to  s to ra g e  scab as be in g  dark , 

m inute sp o ts  w ith  in c ip ie n t  new in fe c t io n  in  th e  ep iderm is. F isc h e r  ( 36 ) 

no ted  a lso  th a t  on r ip e  f r u i t s  th e re  i s  produced on th e  sk in  numerous 

sm all brown to  b lack  d o ts , which may in c re a se  in  s iz e  in  s to ra g e .

Many of th e  re c en t in v e s t ig a to r s  p o in t to  th e  work of G-oethe (4 8 ) , 

who in  1889 observed th a t  new le s io n s  appeared on sound f r u i t  w hile in  

s to ra g e . He s ta te d  t h a t ,  "Das Fusicladium  i s t  im Vergangenen H erbst noch 

s p a tin  h e f t ig e r  Weise a u fg e tre te n  und h a t au f v ie le n  Fr&chten a l le rd in g s  

nur k le in e  F lecke hervo rgeru fen  d ie  s ich  aber im Obsthause u n zw eife lh a ft 

v e rg ro s se r te n  und neue In fek tio n e n  bew irk ten  anders in  w enigstens d ie  

en tsche idene  Zunahmen d er F lecken n ic h t  zu e rk la re n . Es l a s s t  s ich  genau 

f e s t s t e l l e n ,  dass mehrere S orten , d ie  ohne a l l e  F lecken e in g eb rach t werden, 

j e t z t  z a h lre ic h e  P ilz e f le c k e n  aufw eisen", F u r th e r  search ing  o f th e  l i t ­

e ra tu re  w i l l  re v e a l, however, th a t  th e re  a re  p o s s ib ly  e a r l i e r  re fe re n c e s  to  

s to ra g e  scab . F r ie s  (45) may be r e f e r r in g  to  s to rag e  scab when he s ta te d  

in  1829 > "das nur k u g e lig e , e in fa ch e , locken g e b a l l te ,  u n te r  d e r Oberhaut 

des A epfel en tstanden  und durch au fflo su n g  d e rse lb en  end lich  f r e i  werdende 

Sporen vorhanden s in d " . Sorauer (102) in  1879 d esc rib ed  a  d ise a se  of 

ap p les which he c a l le d  th e  "S tip p ich  werden d er A epfel". He d esc rib ed  

"s tip p en "  as fo llow s: Brown o r b lack ish-brow n spo ts  developed on th e  su r­

fa c e  o f th e  f r u i t  ex tend ing  in to  th e  f le s h  only  .5  to  1*5 m ill im e te rs .

They may rem ain i s o la te d  w ithout developing  f o r  a  long tim e, and l a t e r
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develop ra p id ly  in  s to ra g e . He b e lie v e s  i t  i s  due to  th e  fungus named by- 

F r ie s  (*+^), S n ilocaea  nomi ( F r . ) .  Frank (HO) in  1880 thought th a t  

S p ilo caea  nomi (F r .)  was a  s t e r i l e  form of Fusic lad ium  dendriticum  (W allr.)  

F ck l# , th u s  making th e  "S tippen  d er A epfel" id e n t ic a l  w ith  scab . He men­

tio n e d  s to ra g e  scab in  th e  fo llo w in g  s ta tem en t; "So lange d ie  A epfel 

f r i s c h  b le ib e n , e rh a lte n  s ic h  n ic h t nur d ie  P ilz e f le c k e n , sondern s ie  

leb en  und verg ro ssen  s ic h  wahren des ganzen W in te rs" , In  1892 Wortman 

(122) recogn ized  a lso  th a t  S o rau e r 's  "S tippen" d ise a se  found on apple  f r u i t s  

may be due to  th e  fungus S-pilocaea -pomi ( F r , ) ,  a lthough  he was of th e  

op in ion  th a t  i t  i s  p h y s io lo g ic a l, s in ce  th e  sp o ts  a re  covered by a  smooth, 

unbroken ep iderm is.

In  A u s tra l ia ,  McAlpine (75) ^  190*+ found s to ra g e  scab appearing  in  

s to ra g e  on p re v io u s ly  c lea n  f r u i t .  S ince th en  th e  d ise a se  has been re ­

p o r te d  from Norway by Lind (71 ); from Germany by Braun (1 1 ), Laubert (6 9 ) , 

and Rothe (88 , 89); from A u str ia  by F isc h e r ( 36 ); from Sw itzerland  by 

Wiesmann (113). and from R ussia  by Sawsdarg and Y a tz in in a  (9 5 )• Numerous 

re p o r ts  have come from abroad s in ce  1930 th a t  m ention app le  s to ra g e  scab.

In  N orth America Brooks (12, 1*0, Morse (7 9 ) , and Morse and Lewis 

(80) have been c o n s ta n tly  re fe r re d  to  as having been th e  f i r s t  to  re p o r t 

s to ra g e  scab in  th e  U nited  S ta te s  during  th e  y ea rs  1909-1910, A c a re fu l  

review  o f th e  l i t e r a t u r e  w il l  r e v e a l ,  however, th a t  Detmers ( 27 ) in  1891 

d e f in i te ly  re fe r re d  to  s to ra g e  scab whenshe s a id ,  "The sp o ts  on s to re d  

f r u i t  r e t a in  t h e i r  v i t a l i t y  throughout th e  w in te r and produce spores under 

fa v o ra b le  cond itions*  I t  i s  a  w e ll known f a c t  th a t  h e a lth y  ap p le s  s to re d  

w ith  scabby ones may a lso  become scabby". The same year C h u rc h ill ( 19 ) 

a lso  r e f e r r e d  to  t h i s  d isease*  He s ta te d ,  "The season of g re a te s t  a c t i v i ty  

i s  d u rin g  th e  coo l m oist w eather of sp rin g  and f a l l  . . . .  th e  danger i s



7

n o t p a s t  when th e  f r u i t  i s  h a rv e s te d , h u t th a t  th e  d isea se  may he tr a n s ­

m itte d  from in fe c te d  to  sound f r u i t  by co n tac t in  sto rage"*  McCarthy (77) 

in  1893 r e la te d  t h a t ,  "The d ise a se  may he communicated from one apple  to  

an o th er in  th e  h in  o r b a r r e l ,  th e re fo re  in  s to r in g  th e  f r u i t  none hu t un- 

scahhed ap p les  should  he packed to g e th e r" . Henderson (55) w rit in g  in  1S89 

s ta te d  t h a t ,  "Germ ination of th e  spore • • • (w ith  tem peratu re) so low th a t  

ap p les s to re d  in  h in s  in  th e  East have heen in fe c te d  from fungus h earin g  

ap p les in  th e  m iddle o f th e  w in te r" . F in a l ly  Jones and Edson (60) rep o rte d  

in  1900-1901  th a t  s to rag e  scab developed in  b a r r e ls  im m ediately a f t e r  

s to ra g e  in  Vermont, except on w in d fa lls  p icked  up on September 12* Since 

1900 many c o n tr ib u tio n s  have heen made on t h i s  problem hy Brooks (12, 13) ,  

C lin to n  (2 0 ) , Folsom (37)> Folsom and Ayers ( 3 8 ) ,  G&ssow (5 0 ) , Morse (19) ,  

Morse and Lewis (8 0 ) , W allace (109), and B ra tle y  ( 8 , 9,  1 0 ), th e  l a s t  

m entioned be in g  th e  more v a lu ab le  c o n tr ib u tio n  of re c en t in v e s t ig a t io n s .

F a c to rs  A ssocia ted  w ith  th e  Appearance of Scab in  Storage

In fe c t io n  in  Storage by C onid ia .

There i s  much confusion  in  th e  l i t e r a t u r e  reg ard in g  w hether o r not 

s to ra g e  scab le s io n s  a re  produced from c o n id ia  of th e  o ld e r scab le s io n s  

which were p re sen t b e fo re  the  s to rag e  o f th e  f r u i t .  The o ld e r w orkers 

were unanimously of th e  op in ion  th a t  scab f r u i t  s to re d  along w ith  scab 

f r e e  f r u i t  would u l t im a te ly  r e s u l t  in  in fe c t io n  of th e  h e a lth y  f r u i t .

W aters (111) not only  b e lie v e d  t h i s  but he a lso  n o tic e d  th a t  th e  d isea se  

was a b le  to  con tinue  development in  s to rag e  in  s p i te  o f th e  co ld  temper­

a tu re*  McCarthy (77) a lso  b e lie v in g  t h i s  recommended th a t when th e  f r u i t  

was s to re d  none b u t unscabbed app les should be packed to g e th e r .

Morse (79) re p o r tin g  on h is  experim ents, says he a c tu a lly  observed
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th a t  h e a lth y  M cIntosh f r u i t  p la ced  in  a  "box w ith  scabby f r u i t  became in ­

fe c te d  from th e  c o n id ia  p re se n t on th e  scabbed f r u i t  only below th e  

d isea sed  f r u i t ,  w hile  th e  rem ainder of th e  f r u i t  in  th e  box rem ained f r e e  

from s to ra g e  scab . Morse and Lewis (SO) confirm  t h i s ,  a lthough  they  

observed th a t  w e ll-sp ray ed  f r u i t  was more a p t to  rem ain f r e e  from scab 

under th e  same c o n d itio n s , w hile C h u rc h ill (19) and Detmers (27) f irm ly  

b e lie v e  th a t  h e a lth y  f r u i t  s to re d  w ith  scabby f r u i t  w il l  become in fe c te d  

in  sto rage*  Cooke (2^) recommends th a t  i t  i s  b e s t  to  sep a ra te  th e  scabby 

from th e  h e a lth y  f r u i t  b e fo re  s to ra g e .

Some of th e  more c a re fu l  work of re c en t in v e s t ig a to r s ,  however, has 

shown th a t  i t  i s  im possib le  to  spread  scab in  s to rag e  from d isea sed  to  

h e a lth y  f r u i t .  (S , 9 , 1 0 ), (3 9 ), (5 8 ) , (1 0 9 ), (12*0.

A r t i f i c i a l  In o c u la tio n  of S tored  F r u i t .

H esle r and W hetzel (57) m ention th a t ,  " I f  f r u i t s  a re  in o c u la ted  ju s t  

p r io r  to  p ick in g  th e  sp o ts  appear in  s to ra g e " . This statem ent i s  con­

firm ed  by B ra tle y  (1 0 ) , who was ab le  to  o b ta in  s to rag e  scab in fe c t io n  on 

f r u i t s  by a r t i f i c i a l  in o c u la tio n , p rov ided  th e  f r u i t s  were not s to re d  

im m ediately a f t e r  in o c u la tio n  and were kept wet f o r  ^0 o r more h o u rs . 

Johnstone  (5 8 ) , Folsom (37)> and S ta e h e lin  (10*4-) f a i l e d  to  o b ta in  scab 

development on s to re d  f r u i t s  by a r t i f i c i a l  in o c u la tio n s .

In c rease  in  S ize  and Number of Scab Lesions in  S to rage .

Apple f r u i t s  th a t  a re  s to re d  in  an ap p aren tly  h e a lth y  c o n d itio n  w il l  

appear w ith  numerous sm all s to rag e  scab le s io n s  s e v e ra l months l a t e r  when 

tak en  out of th e  s to ra g e . An in c re a se  in  th e  number of new le s io n s  dur­

in g  s to rag e  was f i r s t  re p o rte d  by Goethe (^-8 ) .  F isc h e r (36 ) n o tic e d  th a t  

th e  sm all brown b lack  sp o ts  in c reased  in  s iz e  in  s to ra g e . Wiesmann (11^) 

a lso  re p o rte d  th a t  sp o ts  not v i s ib le  to  th e  eye, but observed under th e
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m icroscope in c reased  in  d iam e ter. However, B ra tle y  (10) concluded th a t  

on ly  a  sm all p e rcen tag e  of o ld  scab le s io n s  en la rg e  on th e  f r u i t s  du ring  

s to ra g e , th e  in c re a se  Being only about 1 to  2 m illim e te rs  in  d iam e te r .

The g r e a te s t  enlargem ent of o ld  le s io n s  ta k es  p la c e  on f r u i t s  which a re  

packed and s to re d  w hile  w et. Hew le s io n s  a re  more ap t to  develop in  

s to ra g e  on scabby f r u i t s  th an  on c lea n  f r u i t s  and may appear in  th e  s to r ­

age c e l l a r  a t  any tim e . Lesions may en large  more ra p id ly  on o v e rrip e  

f r u i t  ( 87 ) .

Wiesmann (113) used weak d is in f e c ta n ts ,  form aldehyde and s u l fu r ic  

a c id , on th e  scab in fe c te d  f r u i t s  and found th a t  th e  co n id ia  subsequen tly  

germ inated . S ta e h e lin  (10i+) and Eaes and S ta e h e lin  (33) used a lco h o l, 

weak d is in fe c t in g  s o lu tio n s  of form aldehyde and s u lfu r ic  a c id , bu t were 

unable  to  check th e  development of scab in  s to ra g e . They conclude th a t  

th e  f r u i t  had become in fe s te d  p r io r  to  h a rv e st and placem ent in  s to ra g e . 

T his o p in ion  i s  shared by th e  m a jo rity  of recen t in v e s t ig a to r s .  Eustace 

(30 ) has noted th a t  th e  o ld  scab le s io n s  w i l l  en larg e  even under a  co a t­

ing  of Bordeaux m ix tu re .

C ontro l of S torage Scab by Spraying .

Late a p p lic a tio n s  of sp rays a re  of m a te r ia l  b e n e f it  in  reducing  la te  

in f e c t io n  and development of scab le s io n s  in  s to ra g e . Eaes (3 2 ) , E r ic k -  

h in g e r (^ 3 ) j Loewel (7 2 ) , Sawsdarg and Y atz in in a  (95)* sn^ Wiesmann (113, 

11^) have a l l  shown th a t  s to rag e  scab could  be reduced , i f  not c o n tro lle d , 

by l a t e  a p p lic a tio n s  of fu n g ic id e s . Coulson and Codbout ( 2 6 ) no ted  in  

Canada th a t th e  om ission of th e  f i n a l  sp ray  re s u l te d  in  severe s to ra g e  

scab in fe c t io n  e s p e c ia l ly  when th e re  was a  l a t e  ra in y  p e r io d . Eolsom (39) 

concluded a f t e r  a  f iv e  y e a r study on M cIntosh ap p les th a t he was ab le  to  

c o n tro l  s to rag e  scab w ith  s u l fu r  sprays ap p lied  l a t e  in  th e  season . Groves
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(1*9) b e l ie v e s  th a t  th e  f r u i t  becomes in fe c te d  d u rin g  some ra in y  p e rio d  

s h o r t ly  b e fo re  h a rv e s t ,  and th e  fungus has not had tim e to  produce a 

v i s ib le  le s io n  on th e  f r u i t  b e fo re  i t  i s  h a rv e s te d  and packed* He be­

l ie v e s  t h i s  co n d itio n  could  be  remedied by p ro p e r c o n tro l of th e  p rim ary  

in fe c t io n  in  th e  e a r ly  p a r t  of th e  growing season . Gussow (5 0 ) was ab le 

to  reduce scab by th re e  l a t e  a p p lic a tio n s  of s u lfu r  d u s t.

E ffe c t of Humidity and Tem perature on S torage Scab.

W allace (109) comes to  the  con clu sio n  th a t  s to rag e  scab may be 

i n i t i a t e d  by w eather fa v o ra b le  fo r  th e  in fe c t io n  of th e  f r u i t  on th e  t r e e  

ju s t  p r io r  to  h a rv e s t ,  o r by th e  lodg ing  of th e  spores on th e  f r u i t  a t  

h a rv e s t and packing  tim e. Morse (79) noted  in  1909 th a t  " the  e n t i r e  

growing and h a rv e s tin g  season was very  w et, and th e  v e g e ta tiv e  develop­

ment of th e  fungus con tinued  up to  and during  th e  h a rv est tim e . The 

m oist ap p les  covered w ith  spores were then  p la ce d  in  ra th e r  warm c e l l a r s ,  

r e s u l t in g  in  th e  in fe c t io n  of th e  f r u i t  and th e  fo rm ation  of th e  sm all 

scab sp o ts  in  s to ra g e " . McAlpine (75> 7&) an<̂  Wettwer (112) have ob­

served  th a t  wet w eather and wet s to rag e  cond itions a re  re sp o n s ib le  f o r  

s to ra g e  scab development on th e  s to re d  f r u i t .  Braun (11) has found th a t  

in  humid c lim a tes  a l l  v a r ie t i e s  of ap p les  a re  s u sc e p tib le  and i t  i s  a l ­

most im possib le  to  avoid some in fe c t io n  in  s to ra g e .

Humidity and tem peratu re  r e la t io n s  p lay  an im portant ro le  in  th e  

development o f scab in  s to ra g e . B ra tle y  (S , 10) has shown th a t  when th e  

s to ra g e  tem peratu re  i s  c o n s ta n t, h ig h e r h u m id itie s  promote g re a te r  en­

largem ent of th e  scab le s io n s .  Although sm all d if fe re n c e s  in  te n p e ra tu re  

and hum idity  had l i t t l e  e f fe c t  on th e  number of new scab le s io n s  appearing  

in  s to ra g e , y e t w ith  h igh  tem peratu re  and high  hum idity , th e  le s io n s  

o f te n  appeared e a r l i e r  in  the  s to ra g e  season. Brooks (lU) p o in ts  out in
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t h i s  re g a rd  th a t  “Apples bu t s l i g h t ly  a f fe c te d  w ith  th e  d ise a se  (scab ) 

when allow ed to  s tan d  in  th e  b a r r e l s  f o r  co n s id e ra b le  tim e b e fo re  be ing  

p la ce d  in  co ld  s to ra g e , have been found l a t e r  to  have developed th e  

d is e a se  to  such an ex ten t th a t  th ey  were s c a rc e ly  m arke tab le . I t  i s  

im portan t th a t  app les should  be s to re d  as  soon a f t e r  g a th e r in g  a s  pos­

s ib le  even i f  e n t i r e ly  f r e e  from th e  d is e a s e 1' • He f u r th e r  s t a t e s ,  (15) 

"The scab fungus, l ik e  most o th e r  p la n t s ,  i s  g r e a t ly  checked in  i t s  

growth by low tem p e ra tu res . I t s  g re a te s t  development on s to re d  f r u i t ,  

th e r e f o r e ,  can be expected  in  b a r r e ls  from c e l l a r  s to ra g e , o r (on f r u i t s )  

which a re  delayed  in  reach in g  th e  co ld  s to ra g e  p la n t" ,  F isc h e r  ( 3 6 ) 

tak es  a  s te p  f u r th e r  and suggests  th a t  ap p les should be s to re d  in  a  c o o l, 

w e ll v e n t i la te d ,  a i r y  room in  o rd e r to  p rev en t s to ra g e  scab ,

Germ ination o f Scab C onidia and I n f e c t io n s .

I t  i s  q u estio n ab le  w hether th e  scab c o n id ia  a re  ab le  to  germ inate and 

p e n e tra te  th e  apple c u t ic le  a t  th e  co ld  s to rag e  tem peratu re  ( 33°

Adams (1) has found th a t  V enturia  in a e a u a lis  (G ke,) W int. grows and pro­

duces c o n id ia  on th e  su rface  of th e  f r u i t  a t  32° F . Groves (U9 ) s ta t e s  

th a t ," C o ld  s to ra g e  tem pera tu res a re  not low enough to  p reven t th e  growth 

of th e  scab fungus and where such a  c o n d itio n  e x i s t s ,  th e  in f e c t io n  con­

tin u e s  to  develop slow ly and f i n a l l y  becomes conspicuous scab s p o ts " , 

Aderhold (2 ) b e lie v e s  th a t  th e  co n id ia  a re  not v ia b le  a f t e r  th re e  months* 

In  germ inating  c o n id ia  he found th e  minimum tem perature  to  be 11° C ., the  

spores g e m in a tin g  in  to  IS hours (3)* Ewart ( 31) found th a t  when 

Fusiclad ium  dendriticum  (W allr .)  F c k l, was exposed to  a  tem peratu re  below 

freezing^  th e  co n id ia  d id  not germ inate as re a d i ly  as  th o se  u n tre a te d , 

Henderson (55) o b ta ined  g e m in a tio n  of th e  c o n id ia  a t  tem peratu res  common 

to  app le  s to rag e  b in s  (p robab ly  32° F , ) .  Faes and S ta e h e lin  ( 3 3 ) found
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th a t  c o n id ia  of app le  scab germ inated a t  3° C. ^  re q u ire d  18 h o u rs , 

w hile  th e  optimum tem peratu re  of 17-20° C. re q u ire d  hut k  to  6 hours to  

"bring about g e rm in a tio n . Rothe ( 88 ) had no tro u b le  in  germ ina ting  c o n id ia  

in  w ater d rops. Low tem p era tu res , he found, h in d e r germ ination  bu t 

l i t t l e .  Wiesmann (llU ) found c o n id ia  on th e  su rface  of s to re d  f r u i t s ,  

bu t th e se  v ia b le  spores would not germ inate , a lthough  h is  p rev io u s  work 

had shown th a t  even though f r u i t s  were d is in fe c te d  f o r  o n e -h a lf hour w ith  

a  weak d is in fe c ta n t  i t  d id  not p reven t th e  germ ination  of c o n id ia  a t  1° C.

(113).

fo llo w in g  germ ination  of th e  c o n id ia  th e re  i s  co n sid e rab le  la p se  of 

tim e b e fo re  d e f in i te  symptoms appear on the  f r u i t .  The low tem peratu re  

o f th e  s to rag e  reduces th e  growth r a t e  of th e  fungus. Faes (3 2 ) , Faes 

and S ta e h e lin  (33) b e lie v e  th i s  p e rio d  to  be as much as H to  6 weeks.

When very  wet w eather i s  encountered p r io r  to  h a rv e s t , a t  which tim e th e  

c o n id ia  a re  re a d ily  germ ina ting , Grllssow (50) observed th a t  in fe c t io n s ,  in  

the  form of sm all scab sp o ts , were e a s i ly  d e te c ta b le  a f t e r  18 days. When 

in o c u la tio n s  were made th e  l a t t e r  p a r t  of August, B ra tle y  ( 8 , 10) observed 

th e  development of scab in  s to rag e  s ix  weeks l a t e r .  These ap p les  remained 

on th e  t r e e  th re e  weeks a f t e r  in o c u la tio n . However, when s im ila r  inoc­

u la t io n s  were made on the  same v a r ie ty  of ap p les  ju s t  removed from th e  

t r e e ,  only  a  s l ig h t  to  no in fe c t io n  was observed u n t i l  a f t e r  s ix  months 

in  s to ra g e . I t  appears th a t  th e  age of th e  f r u i t  i s  an im portan t f a c to r  

in  th e  in cu b a tio n  p e rio d  of th e  fungus fo llo w in g  e i th e r  a r t i f i c i a l  o r  

n a tu ra l  in o c u la tio n .

METHODS MD MATERIALS

I s o la te s  of V en tu ria  in a e a u a lis  (Cke.) W int. were o b ta ined  from
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A rkansas and W isconsin, and c e r ta in  p re lim in a ry  s tu d ie s  were conducted on 

t h e i r  growth h a b i t s .  Since th e se  s t r a in s  were not common to  M aryland, fo r  

com parative p u rp o ses, c e r ta in  i s o la te s  o f s to ra g e  and p re -s to ra g e  scab 

le s io n s  were ob ta in ed  from se v e ra l v a r i e t i e s  o f Maryland-grown a p p le s , 

W isconsin s t r a in s  17, 22, and D-7 o f  P a lm ite r  (S6) were used  because of 

t h e i r  a b i l i t y  to  produce c o n id ia  abundantly , w hile  th e  s t r a in  from Arkansas 

grew v e g e ta tiv e ly  on m alt a g a r.

The Maryland i s o la te s  from p re -3 to rag e  scab le s io n s  were o b ta in ed  by 

th e  d i lu t io n  method. The co n id ia  were scraped  from leav es  o f th e  McIntosh 

and D e lic io u s  v a r i e t i e s ,  and from f r u i t s  of th e  M cIntosh, D e lic io u s , S tay- 

man, and W illiam s E a rly  Red v a r i e t i e s .  I s o la t io n  was made on s tan d a rd  

m alt e x tra c t  a g a r , c o n s is tin g  o f 15 grams of ag ar and 30 grams of D ifco 

m alt e x tra c t  to  each l i t e r  of d i s t i l l e d  w a te r . I t  was s t e r i l i z e d  a t  15 

pounds p re s su re  f o r  20 m inu tes. Ten cubic  cen tim e te rs  of s t e r i l e  d i s t i l l e d  

w ater were used in  each tube f o r  making th e  d i lu t io n s .  A sm all drop of 

w ater was p laced  on th e  scab le s io n  and a  2 mm, loop need le  was u sed  to  

g e n tly  scrape  o f f  th e  c o n id ia  in to  th e  w ater drop . A lo o p fu l of t h i s  spore 

suspension  was t r a n s fe r r e d  to  th e  f i r s t  tube  o r w ater b lan k . This was w ell 

shaken, and a  k  mm. lo o p fu l of t h i s  spore suspension  was t r a n s f e r r e d  to  

th e  second tu b e . This p rocedure was re p ea ted  from tube  to  tube  through 

f iv e  d i lu t io n s .  A 2 mm. loop was in s e r te d  in to  th e  l a s t  d i lu t io n  tube  

and a  drop was t r a n s fe r r e d  to  an agar s la n t  by th e  s tre a k  method. Agar 

p la te s  were a lso  s tre ak e d  in  t h i s  manner, bu t because of added chance of 

con tam ination  from th e  o u ts id e  th e  tube method was found to  be more s a t i s ­

f a c to ry .  The tubes and p la te s  were watched c a re fu l ly  tw ice each day f o r  

m ic ro sco p ica l evidence of spore germ ination  and development o f mycelium.

As soon as a  w e l l - is o la te d  developing  colony was observed i t  was removed
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w ith  a  k  mm. s p e c ia l  c u t t e r  need le  and t r a n s fe r r e d  to  a  tube  of m alt ag a r , 

and grown a t  room tem p era tu re .

I s o la t io n s  were a lso  made from ty p ic a l  s to ra g e  scab le s io n s  found on 

Stayman, W illiam s E a rly  Red, B lack Twig, and D e lic io u s  v a r i e t i e s  of f r u i t  

tak en  from s to ra g e . The f r u i t  was washed in  soapy w a te r , th en  p laced  in  

a  1 to  1500 s o lu tio n  of m ercuric  c h lo r id e  (HgCl2 ) fo r  15 m inu tes, and 

r in s e d  tw ice  in  s t e r i l e  d i s t i l l e d  w a ter. With a  sharp s a fe ty  ra z o r  h lad e , 

s t e r i l i z e d  in  th e  flam e, one m illim e te r  square p ie c e s  o f th e  d isea sed  

t i s s u e  were ob ta ined  hy making c ro s s -s e c t io n  c u ts  through th e  scab le s io n .  

These were t r a n s f e r r e d  d i r e c t ly  to  m alt ag ar s la n ts  w ith  a  s p e c ia l  sp a tu la ­

l ik e  need le  and incubated  a t  room te m p era tu re . Three p e r cen t m alt ag a r , 

pH. was a  s a t i s f a c to r y  medium on which to  m ain ta in  th e se  c u l tu re s .

Hanging drop p re p a ra t io n s  were made by adding a  drop of s t e r i l e  w ater 

on a  cover g la s s  to  which was added a  sm all drop of th e  spore suspension .

I t  was rin g ed  w ith  v a se lin e  and th e  s l id e  was in v e rte d  over th e  p repared  

cover g la s s .  They were incubated  a t  s e v e ra l tem p era tu res , and observed 

a t  s ix  hour in te r v a ls  fo r  fo r ty -e ig h t  h o u rs , when th e  d a ta  were ob ta ined , 

on spore germ ination  , C onidia germ ination  s tu d ie s  were made from a c tiv e  

scab le s io n s  on e a r ly  sp rin g  scab in fe c tio n s  of b o th  leav es  and f r u i t s ,  

as w e ll as from f a l l  le s io n s  on f r u i t s  and leav es  th a t  had been h e ld  in  

co ld  s to rag e  (33° F .)  f ° r  th re e  months. Hanging drops were a lso  made from 

15-day  o ld  malt agar c u ltu re s  of th e  s to rag e  scab i s o la t e s .

H ealthy  and scab in fe s te d  f r u i t  of th e  D e lic io u s  and Stayman v a r ie t i e s  

were washed fo r  one m inute w ith  c e r ta in  chem icals used in  th e  removal of 

le a d , a r s e n ic , and o th e r  spray  re s id u e . The f r u i t  was r in se d  through two 

b a th s  of d i s t i l l e d  w a te r , and th en  tr a n s fe r r e d  to  a  th i r d  w ater b a th  which 

was h e a v ily  in o cu la ted  w ith  a  co n id ia  suspension  of th e  scab organism . The
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f r u i t  was removed a f t e r  th re e  m inu tes , p laced  in  b ask e ts  and s to re d  f o r  

f iv e  months a t  33° Checks were s im ila r ly  r in s e d , in o c u la te d  and s to re d . 

O bservations on th e  development of new scab le s io n s  and th e  in c re a se  in  

s iz e  of p re -s to ra g e  le s io n s  were made a t  monthly in te r v a ls .

Supplem entary in fo rm atio n  r e la t iv e  to  th e  development of app le  scab 

in  the  o rchard  was o b ta in ed  from a c r i t i c a l  exam ination of p rim ary  and 

secondary scab le s io n s  on th e  le av es  and f r u i t s  of W illiam s E a rly  Red 

and D e lic io u s  v a r i e t i e s  on approxim ately  575 t r e e s  of b earing  age. These 

t r e e s  had been re c e iv in g  c e r ta in  spray  trea tm en t f o r  scab c o n tro l .  Fol­

lowing th e  h a rv e s t , d a ta  were ob ta ined  on the  y ie ld  and th e  p e rcen tag e  

of scab from each t r e e ,  and summated fo r  each of th e  tre a tm e n ts . The 

d i s t r ib u t io n  of scab le s io n s  on th e  stem, m iddle, and calyx  th i r d s  of th e  

f r u i t  was recorded  from la rg e  samples from each t r e e ,  and th e  d a ta  sum-

mated f o r  th e  trea tm en t and f o r  th e  e n t i r e  c ro p . Sm aller r e p re s e n ta t iv e

samples of bo th  h e a lth y  and scab in fe s te d  f r u i t  were p laced  in  s to rag e  a t

33° S’- to  await fu r th e r  scab developm ent. Each f r u i t  was numbered w ith

b lack  w aterproof in k , and th e  s iz e  of th e  p re -s to ra g e  scab lesio rP  recorded .

A fte r two months, and again  a t  fo u r  months, th e  f r u i t  was removed 

from s to rag e  and examined f o r  in c re a se  in  th e  number of new le s io n s  and 

in c re a se  in  s iz e  of th e  p re -s to ra g e  scab le s io n s .  Samples of f r u i t s  from 

o th e r  o rchards were a lso  p laced  in  co ld  s to rag e  to  observe s to ra g e  scab 

developm ent. The home c e l l a r  s to rag e  was a lso  u t i l i s e d  f o r  some of th e  

s tu d ie s .

At in te r v a ls  du ring  th e  s to rag e  p e rio d  c e r ta in  f r u i t s  showing d is ­

t i n c t  a c t i v i ty  of the  scab fungus were removed from s to rag e  and photo­

graphs were made to  reco rd  i t s  developm ent. The scab le s io n s  were k i l l e d
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and f ix e d  w ith  fo rm -a ce tic  a lc o h o l, Flemings s o lu t io n , or th e  fo rm al- 

ch rom -acetic  m ix tu re . Small "blocks of th e  f r u i t  (n o t over one cen tim ete r 

in  w id th  and th re e  m illim e te rs  th ic k )  c o n ta in in g  th e  scab le s io n s  were 

removed w ith  a  sharp razor b la d e . Follow ing th e  re g u la r  f ix in g  p e rio d  

th e  m a te r ia l  was washed in  w a ter, and fo llo w in g  Z irk lA (1 2 $ ) method were 

t r a n s f e r r e d  through th e  b u ty l  a lco h o l s e r ie s  fo r  dehy d ra tio n  o f the t i s ­

su es , and embedded in  p a r a f f in .

S ec tions seven m icrons th ic k  were cut w ith  a  ro ta ry  microtome, and 

f ix e d  on c lean  s l id e s  w ith  egg albumin s o lu tio n . The p a r a f f in  was re ­

moved from th e  s e c tio n s  w ith  x y lo l and th e  t i s s u e  c a r r ie d  th rough  th e  

a lc o h o ls  from which i t  was tr a n s fe r r e d  to  th e  d e s ire d  s ta in .  Flemming1s 

t r i p l e  s ta in  was used to  study the  h o s t -p a ra s i te  r e la t io n s h ip .  Heiden- 

ha in*s iron-alum -haem atoxylin  was used in  s tu dy ing  th e  fungus. A ceto- 

carm ine was of l i t t l e  va lue  as a  v i t a l  s ta in  w ith  th i s  organism . Scab 

in f e s te d  f r u i t  t i s s u e  was c le a re d  and s ta in e d  by a m o d ifica tio n  of the  

Peace method.

M icroscopic exam inations of th e  s ta in e d  se c tio n s  were made w ith  a  

^ mm. h igh  d ry  o b je c t iv e , and a  1.35  nmi* f l o u r i t e  o i l  immersion o b je c tiv e  

used w ith  a  15X Spencer compensating o c u la r . Photom icrographs were made 

w ith  a Z eiss photom icrographic camera. A r t i f i c i a l  l ig h t  p a ss in g  through 

c e r ta in  g reen  and yellow  f i l t e r s  improved th e  d e f in i t io n  of th e  o b je c t . 

Comparative h is to lo g ic a l  s tu d ie s  were made of th e  s to rag e  scab and p re ­

s to ra g e  scab le s io n s .

EXPERIMENTATION AND RESULTS 

C u ltu rin g  the  Fungus, and Germ ination of th e  Conidia

Many is o la te s  of th e  apple  scab fungus, V en tu ria  in a e a u a lis  (Cke.)
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W int. e x h ib it  d i f f e r e n t  growth c h a r a c te r i s t i c s  even when grown on th e  same 

n u t r ie n t  media and under o th e r id e n t ic a l  c u l tu r a l  co n d itions*  An i s o la te  

from Arkansas produced no c o n id ia  on m alt ag a r a t  20°, 1^°, and 8° C. tem­

p e ra tu re .  However, i t  grew w ell v e g e ta t iv e ly  through a  range of pH. values 

from to  9*1, w ith  th e  optimum a t  pH. 5*6 to  5*9* W isconsin s t r a in  17 

produced c o n id ia  abundantly  a t  tem peratu res of 8-lU ° C. When i t  was tra n s ­

fe r r e d  to  a  f r e s h  m alt agar s la n t and kept a t room tem perature  f o r  two 

months i t  ceased  spore p ro d u c tio n  and became v e g e ta t iv e . W isconsin s t r a in  

22 lik e w ise  became v e g e ta tiv e  a t  th e  same tem p era tu re , w hile  W isconsin 

s t r a in  D-7 remained sp o rife ro u s  a t  room tem p era tu re . S im ilar v a r ia t io n  

was observed in  th e  i s o la te s  o b ta ined  from th e  Maryland sp rin g  in fe c te d  

f r u i t  and le a v e s . I s o la te s  from s to ra g e  scab le s io n s  sp o ru la ted  abundantly  

a t  room tem p era tu re , as  seen in  F igu re  25 > and th e  p ro d u c tio n  of spores 

was not a l te r e d  by rep ea ted  t r a n s f e r s  to  m alt agar s la n t s .  F ig u re  23 

shows colony c h a r a c te r i s t i c s  of a  m alt agar c u ltu re  of s to rag e  scab is o la te s  

lU and IM. The two tubes to  th e  l e f t  a re  open and g ra n u la r  w ith  abundant 

spore p ro d u c tio n . The two tubes to  th e  r ig h t  show th e  c u ltu re  more compact, 

smooth, and m ostly  v e g e ta tiv e . F igu re  2^ a lso  shows th e  su rface  c h a ra c te r­

i s t i c s  o f two s to rag e  scab i s o l a t e s .  Both of th ese  i s o la te s  produce num­

erous c o n id ia .

Pea a g a r, which o f te n  a l t e r s  co lo n ie s  of fu n g i, was used  w ith  th e  

v a rio u s  scab i s o la te s .  I t  was p repared  by th e  fo llo w in g  form ula:

Water
Malt e x tra c t  
M altose 
Peptone 
MgSO^
KĤ PÔ
Agar

1000 c c .

6.0
0.6
0.6
1.25

20.0

6.0  gms.

To th i s  medium was added UOO grams of f r e s h  peas which had been cooked
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25 m in u tes , mashed, and squeezed through c h ee sec lo th . This medium was 

tu b ed , s t e r i l i z e d ,  and s la n te d . When v a rio u s  i s o la te s  of th e  scab fungus 

were t r a n s f e r r e d  to  th i s  medium, some a l t e r a t io n  was observed f o r  many 

of them in  t h e i r  c o lo r ,  r a p id i ty  o f growth, appearance, and spore p ro ­

d u c tio n , W isconsin s t r a in  1J changed from a  r ic h  o l iv e  brown to  a l ig h t  

g ray -g reen  c o lo r  a t  room tem peratu re  and remained v e g e ta t iv e . O ther 

s t r a in s  and i s o la te s  d id  no t change so g re a t ly  on t h i s  medium.

G erm ination of C on id ia .

G onidia f r e s h ly  removed from a c tiv e ly  sp o ru la tin g  scab le s io n s  on

e a r ly  summer f r u i t s  and leav es  w i l l  germ inate r e a d i ly  in  s ix  to  tw elve 
/thath o u rs . C o n id ia /a re  found abundant on leaves which have been exposed to  

th e  w in te r  tem p era tu re , and on f r u i t s  th a t  have been in  co ld  s to rag e  fo r  

s e v e ra l months do not germ inate so r e a d i ly ,  and a re  much slow er in  develop­

in g  th an  th e  spores produced in  th e  e a r ly  growing season. The p ercen tage  

germ ina tion  of scab c o n id ia  in  hanging drop w ater c u ltu re s  from d if f e r e n t  

f r u i t s  of th e  same v a r ie ty  of app le  a f t e r  removing from s to rag e  w i l l  vary  

g r e a t ly  as observed in  TABLE I .

In  t h i s  experim ent D e lic io u s  app les w ith  ty p ic a l  p re -s to ra g e  scab 

le s io n s ,  which were producing  an abundance of c o n id ia , were p laced  in  

s to ra g e  a t  33° 51. im m ediately a f t e r  harvesting*  A fte r th re e  months th ese  

f r u i t s  were removed and th e  c o n id ia  scraped  o f f  l i g h t ly  by p la c in g  a 

drop of s t e r i l e  d i s t i l l e d  w ater on th e  scab le s io n  and g e n tly  b rush ing  

th e  spores o ff  in to  th e  w ater w ith  a  f in e  t r a n s f e r  need le . The hanging 

drops s l id e s  were in cu b ated  a t  room tem peratu re  fo r  57 hou rs , and th en  a t 

10° C. f o r  15 hou rs , a f t e r  which th ey  were examined f o r  spore g erm ina tion . 

One scab le s io n  from each of seven d i f f e r e n t  D elic io u s  app les was examined
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and. th e  p e rcen tag e  o f germ ination  determ ined . Only th e  spores in  th e  

m argins of th e  w ater drop were counted , as th o se  toward the  c e n te r  were 

no t g e rm in a tin g .

TABLE I .  GERMINATION, AFTER J2 HOURS, OE SCAB CONIDIA FROM THE
SURFACE OF PRE-STORAGE SCAB LESIONS ON DELICIOUS FRUITS 
STORED FOR 3 MONTHS AT 33° F . , IN A HANGING DROP WATER 
CULTURE.

P er O rig in  of Gem Tube on C onidia
F ru it Number of C onidia Cent S ing le  C e ll 2 -C e ll C onidia

No. Counted ; G em inated Germ. C onidia 
Base : Apex

♦•
i Top : Base

•

: Both

1 . 165 6l 37-0 5S 0 0 1 2

2 . 160 15 9^ 1H 1 0 0 0

3. 155 7 5 0 0 0 2

H. 165 22 13.3 15. 1 H 2 0

5. 150 5H 36 .0 H5 0 1 0 8

6 . Ho 1 2.5 1 0 0 0 0

7. H5 . 3 6 .6 2 1 0 0 0

T o ta l 880 163 1S.5 1H0 3 5 3 12

From the  above ta b le  i t  w i l l  be seen th a t  th e  spores from some scab 

le s io n s  germ inated to  a  g re a te r  degree th an  s im ila r ly  t r e a te d  spores from 

o th e r  le s io n s .  The g em  tube o r ig in a te d  most fre q u e n tly  from th e  b a sa l end 

of th e  c o n id ia . Where th e re  were tw o -ce lled  co n id ia -b o th  c e l l s  o f te n  germi­

nated* The h ig h e s t g e m in a tio n  was only 37 per  cen t fo r  th e se  c o n id ia  he ld  

in  co ld  s to ra g e .

A fte r the  f i r s t  exam ination th e se  s l id e s  were incubated  a t  room tem­

p e ra tu re  f o r  an o th er Hg hours when they  were again  examined and a reco rd  

made of th e  germ inating  spores found in  th e  m argin of the  w ater d rop . A ll
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g erm in a tin g  c e l l s  th a t  cou ld  he co n v en ien tly  found in  t h i s  a re a  o f the  

w ater drop were counted and th e  d a ta ,  r e l a t iv e  to  th e  issuance  o f th e  

germ tube from th e  base  o r a p ic a l  p a r t  of th e  c o n id ia , were reco rd ed . 

Where tw o -c e lled  c o n id ia  were observed , th e  germ ina tion  of th e  a p ic a l  

and th e  b a s a l  c e l l  was reco rd ed , The p e rcen tag e  d i s t r ib u t io n  f o r  th e

o r ig in  of th e  germ tube  was determ ined . I t  w i l l  be observed in  TABLE I I

th a t  where germ ina tion  to o k  p la ce  in  th e  s in g le - c e l le d  co n id ia  i t  was 

u s u a lly  a t  th e  b a s a l  end, and th a t  over tw o -th ird s  of a l l  th e  c e l l s  ex­

amined showed germ ina tion  from th a t  re g io n . L ikew ise, where a  two- 

c e l le d  conidium was germ ina ting , th e  b a s a l  c e l l  appeared to  be germ ina­

t in g  more f re q u e n tly  th a n  th e  a p ic a l  c e l l ,

TABLE I I ,  GERMINATION, AFTER 120 HOURS, OE SCAB CONIDIA EROM DELICIOUS
ERUITS STORED EOR 3 MONTHS AT 33° E . ,  IN A HANGING DROP
WATER CULTURE AT ROOM TEMPERATURE,

E ru it
No. 

Germinated
S ing le  C ell 

C onidia
Two C elled  C onidia

No. :
••

C onidia
Examined

: Base : Apex B asal C ell : A pical C ell 
*

1. 100 70 1 2k 5

2. 20 IS 1 0 1

3 . 55 13 2 32 s

H. 65 lH 2 5

5 . 75 57 k 13 1

6 . 2 0 0 0 2

7. 22 20 1 0 1

T o ta l 339 222 23 71 23

56 D is t r ib u t io n 65.5 6 .8 20.9 6 .8
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I s o la te s  of s to ra g e  sca t in fec ted , f r u i t s  grown on m alt agar produced 

c o n id ia  abundantly  a t  room tem peratu re . These  c o n id ia  germ inated re a d ily  

when p la ce d  in  co n tin u o u sly  running w ater, even though s t i l l  a tta c h e d  to  

th e  growing mycelium as seen in  F ig u re  27- O bservations were made on 

c o n id ia  germ inating  from i s o la te  1F3* This was ob ta ined  from a  b lack  sub­

merged s to rag e  scab le s io n  on a Stayman ap p le . A spore suspension  was 

made from th e  o u te r  edge of a 20-d ay  o ld  m alt agar c u l tu re ,  mounted in  

w ater on a hanging drop s l id e .  One group of th re e  s l id e s  was p laced  a t 

room tem peratu re  and th e  o th e r d u p lic a te  s e t a t 1-2° C. At th e  end of 

12 hours th e  co n id ia  a t  room tem peratu re  had begun to  germ inate . A fte r 

24 hours th e se  c o n id ia  were germ inating  f r e e ly ;  those  a t 1-2° C. showed 

l i t t l e  evidence of germ inating  d u ring  th e  f i r s t  2b hou rs .

At th e  end of 48 hours th e  hanging drop c u ltu re s  were observed again  

and th e  germ ination  s tu d ie d . A t o t a l  of 500 spores were counted  from 

th e  s l id e s  a t  each tem p era tu re . G erm ination of th e  c o n id ia  a t  room tem­

p e ra tu re  had p ro g ressed  so f a r  by t h i s  tim e th a t  th e  germ tube had branched 

co n s id e ra b ly . Those c o n id ia  h e ld  a t th e  lower tem perature  were now be­

g inn ing  to  germ inate . The l a t t e r  group of s l id e s  were re tu rn e d  to  th e  

1 to  2° C. tem peratu re  fo r  a t o t a l  o f 96 hours and a fu r th e r  germ ination  

reco rd  o b ta in ed . The r e s u l t s  of t h i s  experim ent a re  shown in  TABLE I I I .

TABLE I I I .  GERMINATION OF STORAGE SCAB ISOLATE 1F3 FROM A BLACK STORAGE 
SCAB LESION FROM A STAYMAN AFPLE.

«•

C onidia : 
Counted :

♦ ...

Temp, o f 
Germ ination 

Chamber
fo ;

Germ ination :

Ave. Length 
of C onidia, 

Microns

: Ave. Length 
: Conidia &
: Germ Tub e 
: Microns

500 20° C.
A fte r 48 Hours 

60 20.5 421.6
500 1-2° C. 15.4 24.7 48.8

100 1-2° C.
A fte r 96 Hours

59 23.0 167.5
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The maximum le n g th  of any one conidium was 26*3 niicrons. A fte r 

hours a t  room tem p era tu re , sm all spores were beg inn ing  to  form on the  ends 

of th e  branched germ tu b e s . A ssoc ia ted  w ith  th e  germ inating  co n id ia  were 

sm all k n o b -lik e  s t ru c tu re s  ( a p p re s s o r ia ) . G erm ination may proceed  from 

any p a r t  of th e  c e l l .

I t  i s  o f s p e c ia l  in t e r e s t  to  no te  th a t  th e  co n id ia  from t h i s  i s o la te  

were ab le  to  germ inate a t  approxim ately  33° "the tem perature  common to  

app le  c o ld  s to rag e  chambers. In  TABLE I I I  i t  i s  observed th a t th e  spores 

which were germ inating  a t  1 to  2° C. a f t e r  *48 h o u rs , had produced germ- 

tu b es  equal in  le n g th  to  th e  spo re . Those germ tubes produced a t room 

tem peratu re  were about twenty tim es th e  len g th  of th e  average spore from 

which th ey  came. The same p e rcen tag e  germ ination  was ob ta ined  in  one- 

h a l f  th e  tim e a t  room tem p eratu re .

In o c u la tio n  of H arvested and S tored  F r u i t .

From th e  p rev io u s  germ ination  experim ent i t  would appear th a t  i t  

would be p o s s ib le  to  r e - in f e c t  ap p les in  s to rag e  by c o n id ia  f a l l i n g  from 

scab le s io n s  onto h e a lth y  f r u i t .  S evera l experim ents were conducted in  

an a ttem p t to  in o c u la te  f r u i t s  a f t e r  they  had been h a rv ested  and storedj. 

w ith  n eg a tiv e  r e s u l t s .

A f r u i t  washing experim ent was perform ed on samples of Stayman and 

D e lic io u s  f r u i t s  ob ta ined  from commercial o rchards where good spray 

p r a c t ic e s  were employed. Some of th e  f r u i t s  were bad ly  in fe s te d  w ith  

e a r ly  summer scab, and o th e rs  ap p a ren tly  f r e e  from such in f e c t io n .  They 

were washed f o r  1 m inute a t s e v e ra l tem peratu res  w ith  standard  chem icals 

recommended fo r  use  in  th e  removal of spray  re s id u e , r in se d  in  w a ter, and 

plunged in to  water h e a v ily  seeded w ith  scab c o n id ia . These chem ical ma­

t e r i a l s  a re  ta b u la te d  in  TABLE V. The washed f r u i t  was p laced  in  co ld
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TABLE 17. NUMBER ME DISTRIBUTION OR SCAB LESIONS
ON APPLE FRUITS BEFORE RECEIVING THE WASHING TREATMENT

V arie ty Sample No. Number and S ize of Scab L esions

F r u i ts

Less 
Than 
1 mm.

1-3
mm.

3-5
mm.

More 
Than 
*5 mm.

T o ta l No. 
Scab 

Lesions

Stayman A 25 S3 2^7 28 4 l 399
ti B 25 79 299 19 30 1+27
n C 25 28 3^3 21 30 422
ti D 25 10 332 26 1+1 1+09
ii E 25 4 l 431 20 26 518
it F 25 21 356 22 26 1+25
ti G 25 44 23U 13 30 321
it H 25 0 173 11 4 188

D e lic io u s I 25 0 106 31 72 209
Stayman J 25 0 0 0 0 0

ti K 25 4 135 5 6 150
D elic io u s L 25 2 70 25 76 173
Stayman M 25 2 52 3 5 62

ii N 25 0 0 2 0 2
ii 0 25 0 0 0 0 0
ii P 17 6 135 5 17 163

D elic io u s _Q. _  _ 33 2 3.8 33 107 2k0
T o ta l
Ave. L esions

425 322 3011 26k 5H 4108

P er E m it .76 7 . 0 s .62 1.20 9.66
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TABLE V, NUMBER AND DISTRIBUTION OF SCAB LESIONS
ON APPLE ERUITS AETER RECEIVING THE 

WASHING TREATMENT, STORED AT 33° E. EOR 1+ MONTHS

V ariety Sample No. Number & Size of Scab Spots
Washing Less More Total

Treatment Than 1-3 3-5 Than No. Gain
1 Minute E m its 1 mm. mm. mm. 5 mm. No. i

Stayman •5$ HOI
A 2k°  C. 25 83 259 28 41 1+11 12 3 -0

n 1.0$ HC1
B 2*+° C. 25 79 312 28 30 1+1+9 22 5 .2

ti 1.5$ HC1
C 25° C. 25 29 362 28 31 1+50 28 6 .7

H 2.0$ HC1
D 26° C. 25 10 3^9 50 *+3 1+52 1+3 1 0 .5

II .5$ HC1
E 40° C. 25 *+7 1+51 ,31 30 559 *+1 7 .9ft
E

1.0$ HC1
i+o° c . 25 21 385 1+2 29 ^77 52  1 2 .2

It 1.5$ HC1
G 40° C. 25 *+7 253 17 32 3k9 28 8 .8

II 50 lb s , S i02 
to 100 g a l.

H water, 1+0° C. 25 0 175 2k 6 205 17 9*0
D elic io u s Same as H

I 250 C. 25 1+ 112 35 81 232 23 1 1 .0
Stayman 75 lb s .  S i02 

to  100 g a l.
J water, 1+0° C. 25 1+ 7 0 0 11 11 1 1 .0

it Same as J
K 250 C. 25 5 ii+o 6 6 157 7 1+.6

D elic io u s Vatsol 3*1$
1+L 3s 0 C. 25 78 30 77 189 16 9*2

Stayman Same as L
61+M 4 1.556 HCX 25 10 6 5 85 23 37.1ti Same as M

H 4 1$ NaCl 25 0 0 2 0 2 0 0
it V atsol 6 ,2$  

4 1 .5$  HC1
0 38° c . 25 0 0 0 0 0 0 0

it P Check 17 6 11+2 10 18 176 13 8 .0
D elic io u s .  Q. Check .. 33 _. J 5  .... 11k k j  __ .115 291 51 2 1 .2
Total 1+25 36k 3203 38k 51+1+ i+1+95 387 9**+
Ave. Lesions

Per E m it *85 7. 50 .90 1 .2 7 9* 50 .9 1
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s to ra g e  (33° - • )  w hile  wet and observed monthly fo r  development of scab 

le s io n s .  An in c re a se  in  s iz e  of o ld  scab le s io n s  was ev iden t a f t e r  two 

months in  s to ra g e . New scab le s io n s  were few a t th i s  tim e. At th e  end 

of fo u r  months th e  f r u i t  was examined and th e  d a ta  reco rded , when many 

new scab le s io n s  were observed . New le s io n s  developed more abundantly  

on th e  f r u i t  which had o ld  scab le s io n s  a t  th e  tim e of s to r in g .  Checks 

th a t  were r in s e d  in  d i s t i l l e d  w ater c o n ta in in g  scab spores developed as 

many a s ,  i f  no t more, new le s io n s  th an  any of th e  f r u i t s  t r e a te d .  Old 

scab le s io n s  con tinued  to  in c re a se  in  s iz e  in  s to rag e  re g a rd le ss  of th e  

tre a tm en t re c e iv e d . The number of scab le s io n s  appearing  on th e  f r u i t  

b e fo re  washing and s to rag e  i s  p re sen te d  in  TABLE IV. TABLE V summarizes 

th e  f in d in g s  reg a rd in g  in c reased  number and s iz e  of scab le s io n s  on the  

washed f r u i t  a t  th e  end of fo u r months* s to ra g e .

P re-S to rag e  and S torage Scab Development

The development of s to rag e  scab i s  r e la te d  to  th e  amount of prim ary 

and secondary scab in fe c t io n  appearing  in  th e  orchard  p r io r  to  th e  h a rv es t 

of th e  f r u i t .  In  o rd er to  determ ine th e  e f f e c t  of scab in  th e  orchard  on 

th e  development of scab in  s to ra g e , th e  C ollege orchard  of W illiam s E arly  

Red and D e lic io u s  app le  t r e e s  was s e le c te d  on th e  B e l t s v i l l e  Farm w ith  

approxim ately  575 t r e e s  of b earin g  age, an equal number of each v a r ie ty .  

T his o rchard  had been re c e iv in g  c e r ta in  spray trea tm en ts  f o r  th e  preven­

t io n  of scab . I t  was of in te r e s t  to  observe th e  course of in fe c t io n  under 

each of th e  v a rio u s  tre a tm e n ts . The g en era l p la n  of th e  orchard  i s  found 

in  TABLE VI.

Many thousands of leaves were examined on May 10 and again  on June 7 

to  d e term ine  r e la t iv e  d i s t r ib u t io n  of scab le s io n s  on th e  upper and lower



TABLE VI* PLAN OF ORCHARD FROM MICH DATA WAS TAKEN ON BELT3VILLE FARM -  I 93S

Row
Number

Washington -  B altim ore Highway

2k 0 0 0 0 2 1 0 0 2 2 0 0 0 0 0 0 0
23 X X X X X X X X X X X X X X X X X X X X X X X X
22 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
21 2 X X X X X X X X X X X X X X 1 X 1 1 1 X X X X X X X X X X X X
20 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 2 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0
19 X X X X X X X X X X X X X X X X X X X X X X X 3 X X X X X 1 2
IS 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 2 1 0 0 0 2
17 X X X X X 2 1 2 1 X X X X 1 X X X X X 3 X X X X X 2 X X X X
16 0 0 0 0 1 0 2 1 2 1 0 0 0 0 0 0 2 2 0 0 0 2 0 1 0 0 0 0
15 3 2 X X 2 X X X X X X X 3 X X X X X X X X X X X X X X X
Ik 0 0 0 0 2 0 3 0 0 0 0 0 0 2 0 3 0 0 0 2 0 0 0 0 0 0 0 0
13 X 2 X 1 3 1 X X X X 3 X X X 3 X 1 2 X X X X 3 X X X X X X X X
12 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 1 3 1 0 1 0 0 3 3 0
11 X X X X X X X X 3 X X X X X X X X 3 X X 1 X X X X X 1 X X X X X
10 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0

9 1 X X X 1 X X X X X X X X X X X X 3 X X X X X X X X X X X X X X
s 0 0 0 1 0 0 0 0 0 3 0 0 3 0 0 0 0 2 3 2 2 0 0 3 0 0 0 0 0 2
7 1 X X 3 X X X X X X X 3 X X X X X X X X X X X X X X X X X X
6 3 0 0 0 1 0 3 3 0 3 3 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0
5 2 X X X X X X 2 2 X X X X X X 3 X X X X X X X X X X X 3 X X
k 2 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
3 X X X X X X 3 X 2 X X X X X 3 X 3 X X X X 3 X X X X X X X X X X
2 0 0 0 2 1 0 2 3 0 2 2 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2
1 3 X 2 3 X 2 X X 1 X X X X 2 X X X X X X X X X X X X X X X X 1

Tree Number  h  cm î vj*  irwo s u o  o \ o  h  oj kv3- u^vo i— w c n o  h  oj mvo n m c t » o  h  w n
r-4 H H  H  rH H r l r l H H ( M C \ J O J  OJ Ol CM C\1 C\J t\l CVJ

f  X — D e lic io u s  t r e e s
S fc - N 0 - -  W illiam s E arly  Red t r e e s

* 1 ,2 ,3  — Young t r e e s  no t in  d a ta
® Blank spaces — Trees m issing
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su rfaces of the apple le a v e s . At the time of the f i r s t  observation i t  

was found that the greater  number of scab le s io n s  appeared on the lower 

surface o f both v a r ie t ie s*  Observations one month la te r  on the D elic io u s  

v a r ie ty  showed there was a tendency toward eq u a liza tion  of the number of  

scab le s io n s  on the two le a f  surfaces* This la te r  cond ition  i s  a r e su lt  

of secondary in fe c t io n  from summer con id ia , caused by d rop lets o f water 

f a l l in g  from scab in fec ted  leaves above onto the upper surface of the  

lea v es  below , causing new in fe c tio n s  to  take place*

The f r u it s  were examined at the same time fo r  the presence and d is ­

tr ib u tio n  o f scab* Scab was becoming gen era lly  d istr ib u ted  by June 10* 

The greater number o f scab le s io n s  appearing on th ese young f r u i t s  on 

the tr e e  were found a t ,  or toward the calyx end* This may be a  resu lt  

o f secondary in fe c t io n  from adjoin ing scab in fe s te d  leaves*

Large samples o f the fr u it  were c o lle c te d  at harvest time and the 

d is tr ib u tio n  of scab le s io n s  on the stem, m iddle, and calyx th ird s o f the 

f r u i t s  was noted before s to r in g . E xcessive ly  high wind storms which 

blew o ff  much o f the f r u it  ju st  previous to the p ick ing  dates o f each 

v a r ie ty  made i t  necessary to  examine and make record on both the wind­

f a l l  and the picked fr u it*  The D elic io u s v a r ie ty  had 80 per cent of 

ea rly  summer scab le s io n s  on the ca lyx  th ird  of the fru it*  and the  

W illiams Early Red v a r ie ty , 73 Per The sm aller percentage o f th is

p re-storage scab was found on the stem th ird , as w i l l  be observed in  

TABLE VII.

Following th is  examination the fr u it  was placed in  stonage at 33° 

and re-examined at monthly in ter v a ls  u n t i l  the end of three months when 

the f in a l  data, as to  the increase in  number and in  s iz e  of scab le s io n s ,  

were co llec ted *  Each scab le s io n  was noted, and i t s  s iz e  in  m illim eters  

was recorded before and a fter  storage.



TABLE V I I .  DISTRIBUTION OF PBE-STORAGE SCAB LESIONS ON APPLE FRUIT AT HARVEST.

Fruit
Source

F ru its  Examined Scab Lesions : D istr ib u tion on Thirds of Fruit
e
*

•

. . .  *Q« :
No. : 

Scabby :
$

Scab No.

: Ave. : 
: Per Scab i 
: Aoule :

Stem 
No. :

«•

Middle 
No. : i>

Calyx 
MOf. , ?  i.

DELICIOUS VARIETY

F allen 10207 i 4 n 13.8 4682 3 .3 308 6 .6 659 l 4 . l 3715 79.3

Picked 1135 145 12.8 346 2 .4 25 7 .2 38 11.0 281 81.8

T otal 11342 1556 13.7 5028 3 .2 333 6 .6 697 1 3 . s 3998 7 9 .5

WILLIAMS EARLY RED VARIETY

F a llen 11210 623 5 .6 2701 * .3 131 4 .9 619 22.9 1951  7 2 .2

Picked 14647 842 5 .8 3566 _ _ 4._2 . __ 265 7*4 683 19.2 2620  73^5

T otal 25*57 1465 5 .6 6267 * .3 396 6 .3  1302 2 0 .8 4571 72.9
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In TABLE VI11 i t  w i l l  "be observed, th at w ith D elic iou s apples held  in  

co ld  storage fo r  th ree months there was about2 . 5$ increase in  the number 

of new le s io n s  and about 12^ increase in  s iz e  fo r  the pre-storage scab 

le s io n s*

TABLE VIII* INGREASE IN DIAMETER AND NUMBER OF SCAB LESIONS ON DELICIOUS 
FRUIT AFTER THREE MONTHS* STORAGE AT 33° F.

Date
of

Observa­
tio n

F ru its  Examined 
: F ru it8 Scab 

No. : Scabby : Lesions
» 4• 4

•  4• 4

: No.

D istr ib u tio n  o f Scab Lesions 
on Thirds of Annie 

Stem : Middle : Calvx 
: Diam.: No. : Diam.: No. : Diam. 
: mm. : : mm. : : mm.

Total
Diam.

mm.

Oct. 22 2796 ksi 1^3 96 5140 ISO 976 1155 3929 5“rt5

Jan. 22 2796 1+S7 1^79 10S 6lS  1SS 111s lis^  to6q 6105

Increase 6 36 10 78 8 1^2 28 660

A lo t  o f 160 apparently healthy fr u it s  of the Williams Early Red 

v a r ie ty  was placed in  storage. A fter the end of four months they were 

examined and only one storage scab le s io n  appeared on the en tire  lo t  of 

fr u it*  F ru its  that are w e ll sprayed and c lean  when stored w i l l  remain 

fr e e  from scab*

A basket o f W illiams Early Red fr u it  contain ing a l l  scabby apples 

was examined before stor in g  at 33° F* and the number and s iz e  o f the scab 

le s io n s  recorded. A sim ilar  lo t  o f f r u it  of the same v a r ie ty  was stored , 

which contained m ostly scab fr e e  f r u it  w ith a few scab in fe s te d  f r u it s  

placed  among the healthy ones* A fter three months1 storage th ese were 

examined and i t  was found that new scab le s io n s  appeared in  both lo t s ,  

y et the greater number of new scab le s io n s  was found on the fr u it  in  the  

basket contain ing a l l  scabby f r u it s  at the beginning of the experiment.
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Greater increase in  s iz e  of the p re-storage scab le s io n s  was a lso  noted 

from t h is  same b ask et, as w i l l  be seen in  TABLE IX.

TABLE IX, INCREASE IN NUMBER AND IN SIZE 0? SCAB LESIONS OF WILLIAMS 
EARLY RED APPLES STORED AT 33° C. FOR. TWO MONTHS.

Treatment Examination {Increase in  S ize
: Date : No. : No. : T otal : : T otal
: : F ru it : Scab jL.J)iam eters i No. «
1 s : L esions : mm. *

•

Increase in  Numbers

Healthy &
D iseased  Aug. 1 662 2905 6651  2905
F ruit
in  Same Sept. 30 662 3225 8537 28.3 3225 11.1
B & a k s t . f _________________________________________________________________________________________________________________________________________________

A ll Scab Ju ly  16 92 352 883 352
Fruit in
Same Basket Sept. 19 92 5#2 1̂ *70 66*5 5^2 65*^

I t  i s  observed from the above r e su lts  that the more scabby the f r u i t ,  the 

grea ter  the increase in  s iz e  and number of le s io n s .

Samples o f f r u it s  were obtained from tr e es  in  other orchards, which 

were sprayed regu larly  during the season. These were placed in  cold  storage 

at 33° F . except fo r  one lo t  which waa p laced in  a home storage c e l la r  at 

approxim ately 50-55° F . At the end of two months the apples stored  in  the  

home storage c e lla r  began to show numerous b lack and brownish smooth le s io n s  

under the c u t ic le .  The c u t ic le  was not ruptured above these le s io n s .  Data 

were taken on the d is tr ib u tio n  of these storage scab le s io n s  on the sur­

fa ce  o f the f r u i t .  Some of these le s io n s  were embedded in  p a ra ffin  fo r  

fu tu re h is to lo g ic a l  observations. Some o f the f r u it  was placed in  the  

open on a laboratory ta b le  at room temperature fo r  two months, and the 

c u t ic le  over the storage scab le s io n s  fa i le d  to  become ruptured (F ig . 2 0 ). 

I so la t io n s  o f the scab organism were made from some of th ese le s io n s .
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Another lo t  o f f r u i t  was so badly in fe s te d  with storage scab at the 

end o f four months (Fig* 22) that i t  was removed from storage* The 

number and d is tr ib u tio n  o f the new le s io n s  were recorded* A fter one 

weekb exposure to  room temperature the f r u it s  were badly ro tted  and were 

discarded* I so la t io n s  from th ese f r u it s  produced the scab organism, but 

w ith a mixture o f many contam inating rot producing fu n g i.

In TABLE X i t  w i l l  be seen that two lo t s  of Stayman ap p les, wrapped 

in  wax paper, obtained from the same grower were packed in  two d iffe re n t  

conta in ers before s to r in g . The f r u it  packed in  s la t te d  wooden boxes 

when examined a fte r  7 months in  storage had about tw o-thirds le s s  new 

storage scab le s io n s  than sim ilar  f r u i t s  packed in  pasteboard boxes*

In a l l  o f the above f r u it s  examined i t  was found that the new storage 

scab le s io n s  developed most abundantly on the stem th ird  of the f r u i t ,  

w hile th e  sm allest number was found on the ca lyx  end* These fin d in g s  are 

d ir e c t ly  opposite to  the d is tr ib u tio n  of the pre-storage scab le s io n s  

on the f r u i t  p rior  to storage*

During th ese  observations on storage scab development three d is t in c t  

types o f storage scab le s io n s  were observed* The increase in  s iz e  o f  

the early  summer scab le s io n  already e x is t in g  p r io r  to storage shows a 

d is t in c t  marginal development o f th is  le s io n  which v a ries w ith the  

v a r ie ty  (Fig* 1 ) .  This margin may be o f two general types* coa l black  

in  co lor  and regular (F ig . 5 )> or ** may brownish to black in  co lor  

and spreading irreg u la r ly  (Fig* 3> *0* Stayman and D elic iou s

v a r ie t ie s  the c u t ic le  was not ruptured above the spreading le s io n , and 

no con id ia  were observed*

The second type o f storage scab le s io n s  appears in  the form of small 

brown or black shiny le s io n s  under the c u t ic le  (F ig . 11, 13)* These grow



TABLE X, DISTRIBUTION OS' STORAGE SCAB LESIONS DEVELOPED IN STORAGE ON FRUIT APPARENTLY 
FREE FROM SCAB WHIN STORED*

V ariety •• •* No. :Scab Lesions on Parts of Fruit: Ave* No.
: Storage •• F ru its : Stem : Middle : Calyx : per
: Container s Temp*: Period : Examined ! +  Ho. i i Ho._j 4 Fruit

Stayman
Pasteboard
Box 33° T.

7
Mo. 9** 1138 5 1 .6  835 3 7 .9  232 1 0 .5 23.5

Stayman
S la tted  
Wood Box 33° T.

7
Mo* 100 ¥to ^9 .6  363 >40.9 *5 9*5 8*9

Winesap
Bushel
Basket 33° 1 .

k
Mo* 50 3237

OOft

£

>40.6  992  1 3 .9 1>42.6

Stayman
Bushel
Basket

Home
Storage
C ellar

2

Mo* . 1JL .. . T O M m  362 52 .2  220 19 .5 . 6 i 3 . _

Average 65.2  I3H2 1*7*1 H17 39.2  3^7 13*7 ^3.6
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out under th e c u t ic le ,  but do not rupture i t ,  nor produce conidia*

The th ird  type of storage scab le s io n  i s  much la rg er . I t  has a  

d u ll gray-black color* The m ycelia l mat pushes up the c u t ic le  at irreg ­

u lar  in te r v a ls , thus making the surface of the le s io n  s l ig h t ly  rough to  

the touch* Conidia are produced from th is  type of storage scab le s io n

( n g .  iu , 15).

H isto lo g ic a l Studies 

P re-steraae Scab L esions*

Examination o f a ty p ic a l p re-storage scab le s io n  w il l  revea l a 

rough, c a l lu s - l ik e  brown center w ith th in  cracks extending across i t s  

surface in  many d ir e c tio n s  (F ig . 1, 2 ). Beyond th is  appears a gray 

zone w ith tu f t s  o f con id ia  protruding through the erupted, frayed mar­

g in s  o f the c u t ic le  (F ig . 3)* Outside o f th is  appears a b lack zone 

rep resen ting  the a c t iv i t y  o f the fungus during the storage period  (P la te  

I; P la te  I I ,  Fig* 3* 5)* In th is  b lack , storage zone are many small 

r id g e s , which g iv e  the spot a rough, pimply appearance. This black  

border c o n s is ts  o f severa l l ig h t  and dark bands, which may in d ica te  that 

the organism grows under the c u t ic le  in  an interrupted  fash ion  (F ig . 3)« 

H isto lo g ic a l examination o f sta in ed  sec tio n s  through a ty p ica l pre­

storage scab le s io n  shows d is t in c t  d ifferen ces  in  the three zones out­

lin ed  above. In the cen tra l brown c a llu s  zone there may be e ith e r  a  

th in  or th ick  layer  o f cork c e l l s ,  which la te r  may slough o ff  (F ig . 8 ) .  

There may only be remnants o f cushions o f the scab mycelium with here 

and there a c lu s te r  of eonidia-producing hyphae (Fig* 9)* In younger 

le s io n s  th is  zone may be e n t ir e ly  f i l l e d  across w ith conidiophores bear­

ing con id ia  s itu a ted  on a mat or cushion o f w e ll defined parenchymatous
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scab m y celia l c e l l s  (Fig* 7)* la  the mature scab le s io n s  the c u t ic le  i s  

m issing in  th is  zone, although other c u t ic le - l ik e  m aterial may be deposited  

on the outer layer  o f the spple f r u i t .  Below the th in  mat o f fungus my­

celium  there are found three to  four rows of very h ea v ily  sta in ed  cork­

l ik e  c e l l s  which have lo s t  th e ir  form and structure (F ig . 6 ) ,  and are 

devoid o f th e ir  co n ten ts . They appear to  be badly crushed and d is in te ­

grated .

Immediately below th is  cork area there appears 5 to  8 rows of s l ig h t ly  

crushed, although f a ir ly  w e ll formed, sm all, very th in -w alled  c e l l s  f i l l e d  

w ith protoplasm ic m ateria ls (Fig* 6 ) .  Their form i s  more l ik e  that o f  

the m eristem atic c e l l s  which l i e  ju s t  below in  a p la te  of 2 to  3 c e l l s .

The c e l l  contents s ta in  rea d ily  w ith orange 0 . These c e l l s  appear to  be 

p h ellogen ic  and are forming new c e l l s  by d iv is io n  in  two or more p lan es, 

which are being pushed to  the ou tsid e  of the phellogen  layer* To the in­

s id e  o f the phellogen  c e l l s  appear the normal th ick -w alled  c e l l s  that 

make up the outer p ortion  of the c o r t ic a l  t is s u e  of the apple f r u i t .  These 

merge gradually in to  the large  c e l l s  that are common to  the co rtex .

Sometimes there i s  observed d ir e c t ly  below the phellogen a row of 

large  th iek -w alled  c e l l s ,  resembling the endoderm dipping down under the 

scab le s io n  from i t s  outer margin.

The in flu en ce of the fungus may be observed some d istan ce from the 

lo c a tio n  o f the fungus i t s e l f  in  stim u lating  the fr u it  to produce cork­

l ik e  t is s u e  (F ig . 8 ) .

In the gray zone to one s id e  o f th is  cork area the c u t ic le  becomes 

evident (F ig . 7)» I t  i s  broken lo o se  from the epidermis of the fr u it  by 

the pressure o f the th ick  mat o f fungus nycelium below. Tufts o f con id ia  

may be seen here and there breaking through the nearby c u t ic le .  The
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epidermal c e l l s  are d is to r te d  and badly crushed. The suberized c e l l s  are 

s t i l l  ev id en t, but they decrease in  number, and are lo s in g  th e ir  a b i l i t y  

to  take up the red s ta in , and adsorb more of the green dye* The ph ellogen ic  

c e l l s  s t i l l  appear d ir e c t ly  below, and now there are only 1 to  3 rows of 

th ese  c e l ls *  Toward the in s id e  o f the ph ellogen  are the normal, th ick er-  

w alled , outer c o r t ic a l c e l l s  which merge in to  the normal, la r g e -c e lle d  

c o r t ic a l  t is s u e  o f the fr u it*

The black zone i s  fu rth er  out toward the margin o f the le s io n , and 

i s  th at b lack t is s u e  developed during storage* Masses of fungus t is su e  

may f i l l  up the en tire  p ortion  of the c u t ic le  la y e r . The epidermal c e l l s  

are d is t in c t  and but s l ig h t ly  crushed, and may be com pletely surrounded 

by the fungus t is s u e  (J ig .  32) • There i s  only s lig h t  evidence of suber- 

iz a t io n  o f the c e l l s  immediately below* These are the outer c e l l s  o f  

the co rtex , and merge below in to  the normal large  c o r t ic a l c e l ls *  There 

i s  no a c t iv e  p h ellogen ic  layer in  th is  region* The c e l l s  making up the  

mycelium of the fungus are w e ll defined* Some of the outermost c e l l s  

take the red (sa fran in ) dye s l ig h t ly  and may be c h it in iz e d . The other 

fungal c e l l s  appear to have c e llu lo s e  c e l l  w alls* In the zones o f  the  

scab le s io n , thus fa r  described, no fungus mycelium has been observed in  

the f r u i t  t is s u e  beyond the c u t ic le  and epidermal c e l l  la y er .

At the very outer margin o f the black storage scab zone of the pre­

storage scab le s io n  c e l l s  are found which take only the c e llu lo s e  ( fa s t  

green) stain* The c u t ic le  i s  d is t in c t  and the epidermal layer of c e l l s  

i s  unaltered* The normal c o r t ic a l t is s u e  appears below, sta ined  with the 

c e llu lo s e  d if fe r e n t ia t in g  dye. The scab fungus i s  in d is t in c t , and appears 

only s l ig h t ly  in  the c u t ic le .  Most o f the fungus i s  growing in  the cor­

t i c a l  reg ion  at a d istan ce  of one to two c e l l s  below the epidermis (P ig . 3*0*
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I t  appears to be growing between the w a lls  o f  two adjaeent c o r t ic a l c e l l s .  

The c e l l s  of the fungus are in d is t in c t , and have very th in  w a lls .

Storage Scab L esions.

There i s  a second type of storage scab development which i s  so char­

a c t e r i s t ic  m acroscopically* This le s io n  appears dark brown to shiny black  

in  color* I t s  surface i s  f a ir ly  smooth and the c u t ic le  i s  not broken (F ig . 

19)• There are no tu f t s  o f con id ia  a sso c ia ted  w ith  th is  form of storage  

scab* The le s io n  may be very sm all and d i f f i c u l t  to  id e n tify  as a scab 

le s io n  (Fig* l 6 ) .

The h is to lo g ic a l  p ic tu re  o f the re la tio n sh ip  o f the fungus to  the 

host i s  q u ite  d iffe re n t from that described above* A 7 micron sec tio n  

through a ty p ic a l le s io n  o f th is  type revea ls the absence of suberized  

cork c e l l s ,  and no in d ica tio n  o f a c tiv e  p h ellogen ic  tissu e*  The c o r t ic a l  

t is s u e  sppears l ik e  normal fr u its*  The c u t ic le  i s  in ta ct and somewhat 

sw ollen  when the fungus i s  abundant (P la te  17)*

The fungus t is s u e  i s  found abundant in  the c u t ic le ,  ram ifying through­

out t h is  la y e r , but does not break through it*  The mycelium grows below 

and around the epidermal c e l l s  (Fig* 3&0* Some of the epidermal c e l l s  

become crushed and lo se  th e ir  shape, but they remain evident even in  

h e a v ily  in fe s te d  p o r tio n s. Some o f the fungal mycelium grows horizonta l 

to the outer surface o f the c u t ic le  fo r  some d istan ce  without breaking 

through i t  (F ig . ^2)* No con id ia  were found in  th is  type of storage scab 

lesion *

The mycelium mat of c e l l s  i s  d is t in c t  and some of the older d is t in c t  

ones take up the red dye in d ica tin g  the presence of some c h it in  (Fig* ^3). 

For the most part the c e l l  w a lls  g iv e  a c e l lu lo s e  s ta in in g  rea ctio n . The 

outer margin o f the le s io n  i s  made up o f mycelium with the c e l l s  le s s
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d if fe r e n t ia te d  and w ith  thinner w alls*

The mycelium grows to  a  large  extent in  the c o r t ic a l region o f the 

host* The f i r s t  two la y ers  of c e l l s  below the epidermis are regu larly  

inhabited  by the strands of hyphae ( f ig *  3 8 ). The fungus i s  able to  pen­

e tr a te  deeply in to  the cortex  under th is  lesion *  Some sec tio n s  show that 

the fungus has penetrated  regu larly  to a depth o f e igh t to  ten  c e l l s  

in to  the co r tex , and i t  has been seen to  penetrate even deeper than th is*  

The host c e l l s  in  the immediate v ic in it y  of the scab mycelium appear 

to  be normal in  o u t lin e , except fo r  the s lig h t  change of shape due to  the 

pressure of the fungus* I f  th is  type of storage scab i s  present at a  

lo c a tio n  on the f r u i t  which has been bruised  in  handling, the host c e l l s  

w i l l  be found crushed, w hile the fungus may or may not penetrate in to  

the crushed c o r t ic a l  t i s s u e .  The mycelium u su a lly  grows from c e l l  to  

e e l l  through the middle lam ella , or the region  where two c e l l  w a lls  are 

in  contact with each other* The scab fungus was observed to  be growing 

in  the cortex  even when there was no m ycelia l mat in  the c u t ic le  and 

epidermal t is s u e  d ir e c t ly  above it*  In a young storage scab le s io n , quite  

o ften  th e mycelium i s  found in  the f i r s t  few layers of the c o r t ic a l  c e l l s  

rather than in  the cu tic le *

The presence o f any large amount of the mycelium in  th e c u t ic le  and 

epidermis u su a lly  r e s u lt s  in  a d is t in c t  crushing and n ecrosis  of the t is s u e  

below the mass of fungus hypha ( f i g .  *40, *41). Much of th is  d is to r tio n  of 

the c e l l s  may be due to  the pressure exerted by the fungus mycelium or 

the g iv in g  o f f  o f some to x ic  m ateria l during th e ir  m etabolic processes*

This n ecro tic  con d ition  was shown to e x is t  when a D elic iou s fr u it  was 

in ocu lated  w ith a  cu ltu re of the scab organism growing on malt agar. A 

sm all p ie c e  o f the agar was transferred  to th e f r u it  on which the cu ltu re
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was growing. The fungus grew w e ll fo r  one month on th is  medium and pro­

duced a  d is t in c t  le s io n  on the f r u it  underneath the inoculum. This le s io n  

w ith  the inoculum attached was prepared fo r  sec tio n in g  hy the usual h is ­

to lo g ic a l  tech n ic , sta in ed , and examined under the microscope. I t  was 

found th at the fungus did not grow through the agar in to  the f r u i t ,  hut 

obtained i t s  n u tr it io n  from the agar su rface. The portion  of the f r u it  

imm ediately under the inoculum was, however, necrotized  and considerably  

sunken. There was no evidence that the fungus penetrated in to  the  

a ffe c te d  f r u i t .

The la s t  type of storage scab le s io n s  stud ied  from a h is to lo g ic a l  

p oin t of view was that which possessed  a rough peaked surface, w ith  

o cca sio n a lly  a small tu f t  of con id ia  protruding through the c u t ic le  at 

th e many peaks on the le s io n . These le s io n s  were b lack to dark brown in  

appearance, and th e ir  presence resu lted  in  a more rapid d e ter io ra tio n  of 

the f r u i t  when removed from storage. These le s io n s  are g en era lly  larger  

than the smooth type o f storage scab. This type o f scab le s io n  produces 

some su b er iza tion  o f the host c e l l s ,  and the fungus breaks through the  

c u t ic le  in stead  o f en tering the c o r t ic a l t is s u e  l ik e  the p rev iou sly  described  

type o f storage spot* Here, fo r  the most p a r t, the fungus i s  confined to  

the c u t ic le  and epidermal c e l l s .  P enetration  of the fungus to  a depth 

o f two la y ers  of c o r t ic a l  c e l l s  i s  observed, e sp e c ia lly  at the outer edge 

of th is  type of le s io n . The c o r t ic a l  c e l l s  below the le s io n  are crushed 

and d is to r te d .

I t  has been observed above that the fungus grows in te r c e llu la r ly  in to  

the c o r tex . In sev era l in stan ces i t  i s  revealed  that the mycelium may 

a lso  be in tr a c e llu la r , and the host c e l l s  are packed with the mycelium 

(P ig . *4-0)* These cases are rare when compared w ith the in te r c e llu la r  nature
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o f th e  fungus.

I t  I s  d i f f i c u l t  to  determine how th e fungus p en etrates the c e l l  w all 

o f the c o r t ic a l  c e l l s  and en ters in to  the area of the middle la m ella . In 

an attempt to lo c a te  some avenue o f entrance in  the c e l l  w all through 

which the fungus could migrate to  th e middle lam ella  region , some sec tio n s  

seven microns th ick  were prepared from th in  p ie c es  o f the epidermis and 

some o f the outer p o rtio n  o f th e cortex  of a  storage scab in fe s te d  Stayman 

fr u it*  The m ateria l was prepared before section in g  in  the fo llow in g  manner: 

The storage scab in fe s te d  m aterial was placed in  a  saturated aqueous so lu tio n  

o f ch lo ra l hydrate fo r  3  days, washed thoroughly in  water, and then placed  

fo r  3 days in  3 per cent potassium hydroxide so lu tion *  I t  was now bleached  

and c leared  o f i t s  contents* A fter washing thoroughly in  water i t  was 

tran sferred  to  $0 per cent a lcoh o l and dehydrated through the a lcoh o l s e r ie s  

to  p a r a ff in , from which the sec tio n s  were cut* Various s ta in s  as gentian  

v i o l e t ,  methylene b lu e , and fa s t  green were used to s ta in  the c e l l  walls*

The c e l l  w a lls  were g r ea tly  sw ollen by th is  ch lora l hydrate and KOH trea t­

ment, and in  them cer ta in  d is t in c t  p i t s  were observed* Some w a lls  had 

numerous sm all p i t s ,  w hile other w a lls  had but few although somewhat larger  

ones* The c e l l s  nearer the epidermis contained the greater number, while 

in  the c e l l s  fu rther removed from the epidermis they were fewer in  number, 

wwfl by t h is  method o f treatment were lacking e n t ir e ly  in  some*

In some storage scab le s io n s  the fungus was seen to be crossin g  from 

one c e l l  to  another through the middle lam ella  a t the ends of adjacent c e lls*  

The fungus appeared under the o i l  immersion ob jectiv e  to be co n str icted  to  

a  f in e  p o in t as i t  grew between the c e l l  w a lls , and thus acted as a wedge 

in  prying the w a lls  apart (P la te  XIV), The fungus may enter d is t in c t  pores 

in  the c e l l  w all in  a sim ilar  manner. The fungus was a lso  observed to be
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en terin g  what appeared to  he in te r c e llu la r  spaces o f the c o r t ic a l  c e l l s ,  

from where i t  was ah le to  grow down between the c e l l s  (P la te  XV; P la te  

XVI, Pig* 3 7 ) .

DISCUSSION OP RESULTS

Some o f th e  c u ltu ra l c h a r a c te r is t ic s  observed w ith  the d if fe r e n t  

c u ltu r e s , and is o la te s  from storage scab le s io n s  may be explained on the 

b a s is  o f d iffe re n t s tr a in s . Some workers have shown that nearly every 

i s o la t e  o f th is  fungus i s  a d if fe r e n t strain* Schmidt (97) obtained 44S 

d is t in c t  s tr a in s  from M-73 is o la te s  from adjacent apple trees*  Wiesmann 

( 1 1 3 ) obtained from f iv e  nearby apple trees  i s o la te s  that were d ifferen t*

In W isconsin, Palm iter ($6 ) found that in  36  i s o la te s  no two o f them were 

a lik e  in  m orphological characters*

The a b i l i t y  o f the storage scab is o la te s  to  continue the production  

o f con id ia  on malt agar at room temperature i s  a  fea tu re  which has not 

g en era lly  been reported fo r  cu ltu res of the scab fungus* I so la t io n s  made 

by various workers lo s t  th is  a b i l i t y  to produce con id ia  when subcultured  

at room temperature on malt agar* Aderhold (3) i& h is  c la s s ic a l  work on 

apple scab found that i s o la t e s  in  ea r ly  spring and summer from green 

lea v es  and f r u it s  sporulated r ic h ly , and made l i t t l e  m ycelia l growth.

With th e second subculture, and those fo llo w in g , the cu ltu res lo s t  th e ir  

sporiferou s nature and became v e g e ta tiv e . Wilson (116) reported th at at 

Zk° C ., w ith  cu ltu res on malt agar, con id ia  tran sfers gave increased pro­

duction o f mycelium, w hile the con id ia  were produced abundantly at 10 to  

16° C*

The s iz e  o f th e con id ia  v a r ies  for  the d ifferen t storage scab i s o la t e s ,  

but th e average fo r  severa l i s o la te s  was about 22- 2U X 6-7 microns*
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Aderhold ( 3 ) shows the con id ia  to average 16-25 X 4-6  microns; Schwarze 

(98) shows the average to  he 30 m icrons, and Wiesmann (115) reports a 

range o f 16-27 microns* These may he cu ltu re  or s tr a in  d ifferen ces*

The germ ination o f co n id ia  from a r t i f i c i a l  cu ltu res , from fresh  

lea v es  and f r u i t s ,  and from scab in fe s te d  f r u i t s  and leaves held  a t low 

temperatures i s  known to  vary considerab ly . The o lder spores of many 

fungi do not germinate so rea d ily  as the younger ones, whether they be 

in  c u ltu re , or from mature f r u it s ;  and Johnstone (58) fin d s that many 

w i l l  not even germinate at a l l .  This may be due in  part to the age o f 

the spore, or to  the th ickening of th e outer p ro tec tiv e  membrane around 

the conidium. The change in  temperature in  the co ld  storage room a lso  

reduees the ra p id ity  and amount o f germ ination, which may r e su lt  from a  

p h y sica l and chem ical a lte r a t io n  o f the c e l l  contents*

Temperature p lays a very important ro le  in  spore germ ination. The 

storage scab is o la te s  were able to  germinate at 1° C* in  4-S hours; the 

same cu ltu re  o f spores at room temperature germinated in  only 12 hours*

Some workers b e lie v e  th at scab con id ia  w i l l  not germinate at storage tem­

p eratu re , e .g .  Wiesmann (1 1 3 ). 0n ^ke other hand, Rothe (28) found conidia  

to  germ inate at low tesp era tu res, and Ewart ( 3 1 ) found that con id ia  ex­

posed to  temperatures o f 5 16° E. would germinate when brought in to

room temperature, although not so rea d ily  as those not exposed to  th is  

tem perature. Eaes and S taeh elln  (33) found the range of spore germination  

to  be from 3 to 30° C. w ith  the optimum at 17° C. Harvey ( 53 ) found them

to germ inate in  8 hours at 50° E. Aderhold (3 ) found the minimum temper-

* 0 ature fo r  spore germ ination to  be 11 0 .

The germ ination of con id ia  has been shown to  proceed at the low tem­

peratures that are common to  co ld  storage rooms although the fungus
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apparently fa i le d  to  In fe c t the f r u i t  -under storage co n d itio n s. Aderhold 

(2 ) found th at when co n id ia  were taken from green leaves and inocu lated  to  

green f r u i t  on the tr e e  he obtained only 2 per cent in fe c t io n , but when 

con id ia  were taken from f r u i t  and inoculated  to  f r u it  the in fe c t io n  was 

even l e s s .  Johnstone ( 5 8 ) was unable to  produce in fe c t io n  on f r u it s  in  

storage by in o cu la tio n . The same r e s u lt s  were obtained by S taeh elin  (103) 

regard less  of whether or not the f r u it  was wrapped in  paper a fte r  inoculai- 

t io n . W iltsh ire  (117) f in d s , to o , that i t  i s  hard to in fe c t  mature fr u it s  

even w hile  on the t r e e . B ratley  ( 8 ) ,  however, was able to  in ocu late  

mature f r u i t s  on th e tr e e  and obtain  a high degree o f in fe c t io n  in  storage  

provided he kept the inocu lated  surface of the f r u it  moist fo r  ^0 hours.

The in a b i l i ty  of th e fungus to  cause in fe c t io n  on harvested fr u it  i s  

not w e ll understood. The fungus may be unable to  penetrate the thickened  

c u t ic le  on the older f r u i t s ,  or i t  may be an in a b il i ty  of the fungus to  

penetrate  under the adverse storage con d itio n s. The appressorium, which 

was observed on the germ tubes from con id ia  germ inating at 1° C. from the 

storage scab cu ltu res may be so a ltered  by the co ld  temperature, or the  

presence o f a to x ic  p r in c ip le  in  the older c u t ic le ,  that i t  i s  unable to  

fu n ction  properly in  a s s is t in g  germ tube p en etration . W iltsh ire (118), 

however, b e lie v e s  that th e c u t ic le  p lays no part in  resista n ce  o f the fr u it  

to  in fe c t io n  by the scab fungus, s in ce  he saw hypha embedded in  the c u t ic le  

a t the edge o f a mat of fungus t is s u e .

The washing experiment was designed to  answer two questions; F ir s t ,  

whether the chem icals used in  commercial washing of fr u it  would have a 

d is in fe c t in g  a c tio n , and secondly, whether the chemicals may a lt e r  the  

c u t ic le  so that spore germ ination and germ-tube penetration  may be aided.

The r e s u lt s ,  however, showed that neith er  was accomplished, s in ce  pre-storage
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scab le s io n s  increased in  s iz e  in  storage a f te r  the washing treatm ent, 

and health y f r u it  remained free  from scab under the same treatm ent.

Checks that were not washed, hut otherw ise were given  sim ilar  treatm ent, 

would show about as much scab in fe c t io n  as the trea ted  f r u i t .  The e f fe c t  

of commercial washing on the spread and growth o f scab in  storage has not 

been reported before* Faes and S taeh elin  (3 3 ) , S taeh elin  (1 0 3 ),

Wiesmann (113) used various weak d is in fe c ta n ts  on f r u i t s  before p lacin g  

in  storage, however, and found i t  not e f fe c t iv e  in  preventing the appear­

ance o f new scab le s io n s ,  or the increase in  s iz e  o f the pre-storage scab 

le s io n s .

The prevalence o f scab in  an orchard during ea r ly  summer conditions  

the amount o f storage scab development. Where scab i s  abundant on 

leaves and f r u it s  in  the orchard, there i s  a g r ea tly  increased chance 

fo r  secondary scab in fe c t io n  with favorable weather conditions in  the  

la t e  summer and early  f a l l .  The primary in fe c t io n  in  the spring may take 

p la ce  anywhere on the f r u i t ,  w hile on the leaves i t  i s  g rea test on the 

under su rfa ce . As the season p rogresses, and secondary scab in fec tio n s  

spread, the leaves become in fec ted  on the upper surface to a  greater  

degree. The f r u i t s  show in fec tio n s  more on the ca lyx  end than on any 

other p ortion  of the f r u i t .  This was found to be the case by actual 

counts made on about U0,000 of the fr e sh ly  harvested fr u it s  examined fo r  

d is tr ib u tio n  of the p re-sto ra g e , or ea r ly  summer, scab le s io n s  on the  

fr u it  su rface.

The in crease in  number o f new le s io n s  in  storage i s  g rea test toward 

the stem th ird  of the f r u i t .  Since the experiments reported in  th is  

paper in d ica te  that scab does not spread from one fr u it  to another in  

sto ra g e , f*™1 in ocu la tion  experiments show that stored fr u it  i s  not in fected
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d iffe r e n c e s  in  the appearance o f the pre-storage and the storage scab 

le s io n s  on the f r u i t  surface# The storage scab le s io n s  appearing in  

storage are the d irect r e su lt  o f la te  season in fe c t io n s  w hile the f r u it  

i s  s t i l l  on the tr e e .  These are from secondary la te  summer con id ia  that 

have been washed o f f  th e  lea v es  from above the f r u i t .  These con id ia  f a l l  

w ith th e water drops onto the fr u it s  below, s tr ik in g  the stem th ird  of 

the f r u it  f i r s t ,  where they adhere, germ inate, and penetrate the c u t ic le .  

This f r u i t  i s  carried  in to  the storage b in  w ith  the in v is ib le  in fe c t io n  

p resen t. The f r u i t  in  i t s  early  development on the tree  has i t s  calyx  

end upward or outward. As the f r u it  grows o ld er , i t  becomes heav ier, 

thus bending the stem so that the calyx end o f the fr u it  p o in ts  down­

ward thus leav in g  the stem end o f the fr u it  exposed to the d irect drip­

pings of the scab in fec ted  leaves from above. There i s  a lso  the fa c t  

to  consider that in  orchards whieh are h ea v ily  in fec ted  w ith scab, the  

f r u it  when picked at harvest and stored , w i l l  tend to develop more new 

storage scab le s io n s  than fr u it  from orchards th at have been w ell sprayed 

and cared f o r .

With th e  co ld  temperature of the storage chamber the fungus develops 

very slow ly and i t  may require some three to s ix  months fo r  th e fungus 

to  grow large enough under the c u t ic le  to  become v is ib le  to the eye. Very 

heavy spore inoculum must be present to  produce the 200 or more storage  

scab le s io n s  which were found on one f r u i t .  S taeh elin  (103) reports fin d ­

ing  as many as UOO new scab le s io n s ,  w hile Wormald (120) found over 500 

storage le s io n s  on a s in g le  f r u i t .

There are many in te r e s t in g  fea tu res  of the h o st-p a ra site  re la tion sh ip  

w ith both the pre-storage scab and storage scab types o f le s io n s . There
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haring received  the greater  con sid eration . I t  i s  w e ll known so fa r  that 

th e cen ter  of a  p re-storage scab le s io n  i s  very apt to  be fr e e  from the  

scab fungus, the bordering p arts o f the le s io n  contain ing the l iv in g  

fungus. This con d ition  i s  a r e su lt  of the corking nature of the host in  

response to  invasion  by the fungus p a r a s ite . A c r o ss -se c tio n  through a 

c a llu s  o f th is  sort w i l l  revea l the presence of d e f in ite  co rk -lik e  c e l l s  

in  the a ffe c te d  host t i s s u e .  Sorauer (101) reports the formation of cork  

under the scab spot in  1375* Aderhold (3 ) ,  however, fa i le d  to mention 

i t  in  h is  ea r ly  work, although in  the same year Corbett (25) reports  

that the f le s h  and sk in  o f o ld  scab le s io n s  become corky, C linton (20) 

observed i t  and b e liev ed  i t  served the purpose o f afford ing p ro tec tio n  to  

the c e l l s  below again st evaporation, and the entrance of other organisms, 

Cooke (2*0 b e liev ed  t h is  cork form ation aided in  throwing o f f  the d isea se . 

Marsh and Walker (73) observed s im ila r  formation of cork t is s u e  in  the  

apple tw ig a ffec ted  w ith scab, although in  th is  case the cork extends w ell 

down in to  the ph ellogen  and c o r t ic a l c e l l s ,  o ften  causing th e ir  death and 

d estru c tio n .

Storage scab le s io n s  are apparently fr e e  from th is  co rk -lik e  t is su e  

reported fo r  the pre-storage scab le s io n . Wormald (120 ), and P ischer ( 3 6 ) 

observed no cork in  storage scab le s io n s ,  although Paes and S taeh elin  (33) 

o ften  referred  to c e l l s  that had been a ltered  by the presence of the fungus 

as being suberized and n ecro tized . The observations of the w riter  reveal 

no cork form ation from p h ellogen ic  t is s u e  where there are d is t in c t  storage 

scab le s io n s .  Crushed le s io n s , which have lo s t  th e ir  con ten ts, and became 

dried  out thereby taking on a co rk -lik e  appearance, may be what Paes and 

S ta eh elin  (33) were re ferr in g  to as suberized t is s u e  in  storage scab le s io n s .
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Many w riters on scat re fer  to the fungus as growing "between the c u t ic le  

and the epidermis o f the fru it*  Even as la te  as 1931 Johnstone (59) s ta te s ,  

th at in  su scep tib le  v a r ie t ie s  o f apples the fungus i s  ab le  to  e sta b lish  

i t s e l f  beneath the c u tic le *  Wallace (109) noticed  that the germ tube 

bores through the c u t ic le  and continues to grow between the c u t ic le  and 

epidermis* This scab t is s u e  may become very th ick  and a c tu a lly  s tre tch  

the c u t ic le ,  but where the c u t ic le  i s  th ick  and o ld  i t  i s  more d i f f ic u l t  

fo r  the fungus to  p en etra te , or to break through the surface* This may 

be the condition  resp on sib le  fo r  the storage scab lesioxfs fa ilu r e  to  

break through the c u t ic le ,  and causing the p la te s  o f mycelium to grow in  

the c u t ic le  more or l e s s  p a r a lle l  to  i t s  outer surface*

The fin d in g s of t h is  in v e s tig a tio n  show that the mat o f parenchymat- 

icu s  c e l l s  o f the scab fungus not only grows between the c u t ic le  and the 

epiderm is, but a lso  in  p la t e - l ik e  fash ion  in  the c u t ic le  as w ell* I t  i s  

not confined to  th ese  regions a lon e , but may penetrate in to  the c o r t ic a l  

t is s u e  below the epiderm is to a d istan ce o f 8 to  10 c e lls *  In entering  

th is  reg ion  eer ta in  injury w i l l  r e su lt  to  th e c e l l s  under the in flu en ce of 

the invading fungus* The upper c o r t ic a l  c e l l s  become somewhat crushed 

where there i s  a considerable amount of scab t is s u e  above* Some o f the  

host c e l l s  are no doubt k i l le d  and necrotized* This may be due to  the 

to x ic  m ateria ls lib era ted  by the fungus i t s e l f ,  or by the a ffec ted  host 

c e l l s  as expressed by Eaes and S taeh elin  (33)*

Arthur (7) observed that the c e l l s  in  the Mp e e lH and epidermal c e l l s  

of the McIntosh apples are dead in  ea r ly  November when in  s to ra g e . Could 

th is  account fo r  the fungus penetratin g  th e c o r t ic a l region , and not push­

ing through the c u t ic le  in  the storage scab lesio n s?  C ortical invasion  

was observed in  some and not in  other storage scab le s io n s  when the t is s u e
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1381017 was 133(117 bruised  and sunken. The death of the c e l l s  in  th is  t is s u e  

must not be a fa c to r  in  the in te r c e llu la r  c o r t ic a l  growth of scab hypha* 

T etley  (106) shows that the c u t ic le  o f c er ta in  v a r ie t ie s  of apple f r u it  

tends to  increase in  th ick n ess w hile  in  storage.

Only three other in v e stig a to r s  d e f in it e ly  r e fer  to  scab as penetrating  

in to  the t is s u e  below the epiderm is. Voges (107) refers  to the scab or* 

ganism as being endophytic and growing in  the cork c e l l s .  jRudloff and 

Schmidt (91) s ta te  that the mycelium in  the cortex  has been observed. Their 

observation  i s  not thorough and convincing. Faes and S taeh elin  (33) re­

port the appearance of scab in  the co rtex , but th e ir  source of m aterial 

and d iscu ssio n  i s  not c lea r  regarding the type o f scab le s io n  to  which they 

refer*

I t  has been c le a r ly  shown in  th is  in v e s tig a tio n  that the fungus in  the 

storage scab le s io n s  i s  endophytic* Why i t  grows in  t h is  t is s u e  in stead  

of the region  between the c u t ic le  and epidermis i s  hard to determine* 

Hamilton ( 3 2 ) noted that when ascospores penetrate the le a f ,  the mycelium 

grows between the c e l l  w alls* The fungus must be able to  su sta in  i t s e l f  

in  the region  of th e middle lam ella , as there were no haustoria  observed on 

the m y celia l strands e ith e r  in  the host or in  culture* The chemical change 

in  the middle lam ella  during the storage period of the fr u it  may account fo r  

the in te r c e llu la r  growth o f the fungus in  the c o r t ic a l  region* Appleman 

pme\ Conrad (6) have shown th at tomatoes have an increased amount o f p ec tin  

over protop ectin  in  the ripened f r u i t ,  and th e fo llow in g  year, they report 

a  sim ilar  cond ition  in  the ripening Crawford peach. T etley  (105) fin d s  

w ith the Bramley*s Seedling apple that the change of protopectin  to p ectin  

i s  a slow , gradual p ro cess . Aderhold (3 ) f in d s  that scab con id ia  germinate 

b e tte r  in  calcium p ec ta te  than in  p e c tic  acid* I t  i s  reasonable to b e liev e
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th at th e middle lam ella  of the c e l l s  of the r ip e  ap p les, held  in  storage  

fo r  severa l months, could he a ltered  in  i t s  chemical nature to the extent 

that th e scab hypha may grow more e a s i ly  between the c o r t ic a l  c e l ls *

Since p ro to p ectin , the cementing m ateria l between the c e l l s ,  i s  more 

abundant in  the green than in  the r ip e  f r u i t ,  i t  i s  expected th at the  

early  season (p re-storage) scab le s io n s  would show no p enetration  in to  

the c o r tex , but would be more a c tiv e  in  i t s  v eg eta tiv e  and spore pro­

duction in  the c u t ic le  and epidermal layers* This i s  the appearance of 

the scab spots th at most o f the in v e stig a to r s  have n oticed . Any sub­

sequent growth of the scab le s io n  in  the ripened f r u it  would take p lace  

in  the region  through which i t  could grow the e a s ie r , and with the c u t ic le  

in creasin g  in  th ick n ess on stored f r u i t ,  the scab fungus becomes confined  

to  the region  below the c u tic le *

Storage scab mycelium i s  found to be in tr a c e llu la r  as w e ll as in ter ­

ce llu la r*  In th is  growing cond ition  i t  soon occupies the c e l lu la r  ca v ity  

and tends to cause the a ffec te d  c e l l  to  swell* The p i t s  found in  the  

upper c o r t ic a l  c e l l s  as seen in  3?igure 4H, and reported by T etley  (106), 

may serve as an avenue o f entrance fo r  th e fungus in to  the c e l l s ,  and be­

tween the adjoining c e l l s  from where i t  grows in to  the middle lam ella*



SUMMARY

The in v e s t ig a tio n s  reported in  th is  th e s is  are concerned with storage  

scab le s io n s  on apple f r u i t s ,  and with p re-storage scab le s io n s  to  the 

extent that they in flu en ce  the amount, and a lte r  the appearance o f the  

scab spot on the f r u it  when p laced in  the environment o f th e co ld  storage  

chamber.

P re-storage scab le s io n s  continue to  increase in  s iz e  at the co ld  

storage temperature (33° although the ra te  o f growth i s  g rea tly  re­

duced, and the nature of the growth i s  much altered* The sm aller pre­

storage scab le s io n s  increase in  s iz e  more than the larger ones. The 

a c t iv i ty  of the fungus i s  confined to  the margin o f these spots in  the 

form of b lack , zonated growth under the c u tic le *

T ypical storage scab le s io n s  appear as sm all brown to  black smooth, 

shiny le s io n s  growing under the cu tic le *  With some conditions of the 

f r u it  th ese  le s io n s  may be s l ig h t ly  rough on account of the abundant 

growth of fungal t is s u e  under the c u tic le *  These two types of le s io n s  

do not break through the c u t ic le ,  nor do they produce conidia* Another 

type of storage le s io n  may have a dusty gray b lack  surface, which i s  

rough in  appearance* Numerous small is lan d s of con id ia  may be seen on 

t h is  surface* Por the most part the development and growth of storage  

scab le s io n s  are confined to  the region under the c u t ic le .

' Many is o la te s  of the scab fungus from storage scab le s io n s  of sev­

e ra l apple v a r ie t ie s  were made on malt agar. The cu ltu res grew rea d ily , 

and most is o la te s  produced an abundance of con id ia  a t room temperature.

No i s o la t e  was e n t ir e ly  v eg eta tiv e  from such le s io n s . The production of 

con id ia  continued from the storage scab is o la te s  on malt agar at room
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tem perature, w h ile  other is o la te s  obtained from various in v estig a to rs  

lo s t  th is  character under the same treatment and became vegetative#  

Several cu ltu ra l and m orphologically d if fe re n t types of the scab 

organism were is o la te d  from the same, and from d iffe r e n t apples#

The ra te  and percentage o f germ ination of con id ia  was g rea tly  re­

duced when the f r u i t s  and leaves contain ing the abundantly sporulating  

scab le s io n s  were p laced  in  the environment o f the cold  storage room 

fo r  th ree months# D ifferen t le s io n s  on severa l f r u i t s  o f the same 

v a r ie ty  o f apple varied  g rea tly  in  th e ir  percentage o f germination#

Twenty day o ld  con id ia  from is o la te s  of storage scab le s io n s  on 

f r u i t s  that were in  co ld  storage from 2 to  ^ months germinated in  12 

hours a t room temperature# By the end of *4-8 hours many branched germ 

tubes were observed# Sim ilar con id ia  placed a t temperatures approx­

im ating th ose o f co ld  storage (1° C#) germinated more slow ly , and the  

germ tube did not show branching in  96 hours# The percentage of ger­

m ination was about the same fo r  the two temperatures at the end of 

four days. Appressoria, or fu n c tio n a lly  equivalent stru ctu res, were 

observed at the base o f the germ tube to  a  greater  extent at the oolder 

temperature.

In ocu lation  and washing experiments on harvested fr u it s  th at were 

trea ted  and stored at once, gave negative resu lts#  The unwashed and 

the washed f r u i t ,  when inocu lated  w ith con id ia  suspension, produced 

new scab le s io n s  to  about the same degree# F ru its  that were apparently  

scab fr e e  when washed and inoculated  remained fr e e  from scab a fte r  four 

months in  storage. Any increase in  the number o f new scab le s io n s  was 

not a ttr ib u ted  to the r e su lts  o f inoculation#



P re-storage scab le s io n s  continued to in crease in  s iz e  in  storage  

a fte r  being washed w ith weak a c id , soap.

Early summer scat le s io n s  on W illiams Early Eed and D elic io u s were 

found most abundantly d istr ib u ted  on the ca ly x  p ortion  of the harvested  

fr u it*  These le s io n s  continued to increase in  s iz e  in  storage.

Storage scab le s io n s  were more abundant on the stem th ird  of the  

stored  fr u it*  P ruit apparently fr e e  from scab se le c te d  from orchards 

h ea v ily  in fe s te d  w ith  scab, when placed in  storage without being a r t i ­

f i c i a l l y  inocu lated , developed numerous storage scab lesion s*  The in ­

fe c t io n  must have resu lted  from la t e  season inoculum in  the orchard*

The p o s it io n  o f the apple on the tr e e  a t th is  tim e i s  such that any 

water dripping over the scab in fe s te d  leaves above the apple, w i l l  

accumulate con id ia  and carry them to the upper or stem th ird  of the 

f r u i t ,  where they germinate and cause in fection *

When h ea v ily  scab in fe s te d  fr u it  i s  stored together there i s  a 

greater increase in  number of new le s io n s  and a  greater increase in  s iz e  

of pre-storage le s io n s , than when l ig h t ly  scabbed fr u it  i s  stored togeth er.

Scabby f r u it  p laced in  the same basket w ith apparently scab fr e e  

f r u it  c o lle c te d  from w e ll sprayed orchards, resu lted  in  no new scab 

le s io n s  being produced on the healthy fr u it  which contacted the scabby 

fr u it*

F r u i t  ap p a ren tly  scab f r e e  from w ell sprayed orchards rem ained p rac ­

t i c a l l y  f r e e  from scab in  storage*

Thin c r o ss -se c tio n s  through a ty p ica l p re-storage scab le s io n  with 

i t s  c h a r a c te r is t ic  storage scab developed margin, as a resu lt of being  

held  in  co ld  storage fo r  three or four months, w i l l  show three or more 

d is t in c t  zones o f fungal a c tiv ity *  The center o f the le s io n  shows c a llu s
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form ation with, cork meristem he low, and w ith remnants of the scab fungus 

sca ttered  over i t s  surface* The gray zone around the c a llu s  cen ter zone 

contain s the con id ia  borne on th ick  mats of parenchymaticus scab t is s u e ,  

which ruptures the c u t ic le ,  and g iv e s  th is  zone i t s  gray colored  frayed  

appearance. Very s l ig h t  to  abundant cork form ation may be found in  the 

host t is s u e  in  th is  zone. In the outer b lack zone, the region which 

grew in  storage, the fungus i s  confined under the c u t ic le  as a th ick  

mat o f parenchymaticus fungus t i s s u e .  I t  may be found growing in te r c e l-  

lu la r ly  in  the cortex  to  a depth of from 2 to  3 c e l ls *  The c o r t ic a l  c e l l s  

below may appear d istorted*

Thin sec tio n s  through storage scab le s io n s  show the presence of a  

th ick  mat o f fungus t is s u e  under the c u t ic le .  The host c e l l s  including  

the epiderm is and the upper c o r t ic a l  c e l l s  d ir e c t ly  below are crushed and 

become n e c r o t ic . There i s  no evidence of cork meristem t is su e  in  these  

le sio n s*

In storage scab the fungus not only grows between the epidermis and 

th e c u t ic le ,  but grows a lso  in  the c u t ic le  layer  in  a p la te - l ik e  fash ion  

p a r a lle l  to  the f r u it  su rface.

The mycelium in  th e storage scab le s io n  read ily  penetrates in to  the  

c o r t ic a l  t is s u e  of the h ost to  a depth o f 8 to  10 c e l l s .  Where the th in  

strand of scab mycelium penetrates the host there i s  l i t t l e  d is to r tio n  of 

the host c e l l .  Crushed c o r t ic a l  c e l l s  that are found in  bruised fr u it  do 

not show the presence of the in te r c e llu la r  scab mycelium to any greater  

degree than do sound c o r t ic a l  c e lls*

A fte r  e n te r in g  th e  f r u i t  c o r t i c a l  t i s s u e  th e  fungus grows between the  

c e l l s  in  th e  re g io n  of th e  middle la m e lla  in  a  w edge-like manner and sep­

a r a te s  th e  ad jacen t c e l l  w a lls .  In  r ip e  and s to re d  f r u i t  w ith  th e  p ro­

to p e c t in  changing to  p e c t in  th e  cem enting p ro p e rty  o f ad jacen t c e l l  w alls
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i s  minimized. The fungus may move from c e l l  to  c e l l  through th e in ter ­

c e l lu la r  spaces in  the cortex .

In some storage scab le s io n s  the fungus has been found growing intra?- 

c e l lu la r ly ,  and the c e l l  becomes packed with the fungus hypha.

In c leared  t is s u e  preparations th in  sec tio n s  revea l the presence of 

p i t s  in  the upper c o r t ic a l  c e l l s  in  the Stayman app le. These may serve 

as an avenue fo r  th e  scab fungus to  enter the region  of the middle lam ella , 

or through which the fungus may e s ta b lish  i t s e l f  in tr a c e llu la r ly  in  the 

host c e l l s .
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Explanation of P la tes

Figures 1 , 2 , 3 , ‘S  5 , 11, 12, 13, I 1*, 15, 18, 20, 21, 22 , 2 3 , 

and 2H were made with a Bausch and Lomb Protar len s attached to a 

Zeiss photomicrographic camera. Figures 16, 17, and 19 were made 

with the aid of Gordon^ Photomicro-Oamera extension tubes attached 

to a Zeiss photomicrographic camera. Figure 5 was made with a Bausch 

and Lomb Auto lens in a Tele-photo Poca A camera. Figures 8 and 25 

were made with the aid of a Spencer l 6mm. achromatic objective and 

15X compensating ocular. Figures 6 , 7, 9 , 26 , 27, 28, 29, 3^ , 32,

33, 3*+, 38, 39, ^0 , *■*■!» ^-2, U3 , and U4 were made with a Spencer U- 

mm. achromatic objective and 15X compensating ocular, and figures  

3^> 35, 36, and 37 with a No. 55 Qpeen 1.35mm» f lu o r ite  o i l  immer­

sion objective and 15X compensating ocular. A ll photomicrographs 

were made with a Zeiss photomicrographic camera, using a Zeiss lamp 

as the lig h t  source. Wratten K3 #9, X2 #8 , yellow and green f i l t e r s  

were used while making photomicrographs. Wratten and Wainwright 

Process Panchromatic and '‘M" P lates were used for the photographs. 

Magnification was determined by the aid of an accurately calibrated  

Spencer F ila r  micrometer, and for very low m agnifications a Fisher 

B acterio log ica l c e llu lo id  sca le  was used.



P la t e  I

Figure 1* Development o f storage scab around a p re-storage  scab 

le s io n  on a Black Twig apple held in  a home c e l la r  

storage for  two months. X 1 .2 .

Figure 2 . Storage scab development around a p re-sto ra g e  scab

le s io n  on the same f r u it  more h igh ly  m agnified to show 

the d e ta ile d  structure of the le s io n .  X 3»3*
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P la te  II

Figure 3

Figure U

Figure 5

Storage scab development around a p re-storage scab 

l e s io n ,  showing the b lack  irregu lar margin and the 

d e f in it e  zonation of the le s io n . X 3*3*

Storage scab appears here as a gray-brown halo around 

a p re-storage  scab le s io n  on a Stayman apple kept in  

a home c e l la r  storage fo r  two months* X 5*0#

A black  erumpent storage scab border around a pre­

storage scab le s io n  on a Stayman apple held fo r  two 

months in  a home c e l la r  storage. X
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P la te  III

Figure 6 . A c r o s s -se c t io n  of a ty p ica l p re-storage scab le s io n  on 

a W illiams Early Red apple showing the c u t ic le  pushed 

up and the con id ia  separated from the m ycelia l mat 

below. Rote th e  dark mass of d isin teg ra ted  cork c e l ls  

immediately below the cushion of mycelium. Phellogen  

c e l l s  are found below the cork, and normal co r tica l  

c e l l s  appear from the middle to the bottom of the photo­

graph. X 395 •

Figure 7- P re-storage scab le s io n  on a D elic iou s apple with the

c u t ic le  in  p la c e , and a mass of con id ia  above. A single  

row of cork c e l l s  i s  seen immediately below the scab 

stroma. The sm all p h ello g en ic  c e l l s  are seen below the 

cork la y e r . X ^^5.
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P la te  IV

F ig u re  S. P re-storage scab le s io n  on W illiams Early Red apple showing 

that the in flu en ce  of the presence of the scah fungus has 

spread "beyond the le s io n  on both s id e s  to  produce cork­

l ik e  tissu e*  X 115.

Figure 9* Very old co rk -lik e  t is s u e  in  a p re-storage scab le s io n  on 

a Black Twig app le. Just the remnants of the scab mycelium 

remain to  in d ica te  scab was present a t one tim e. Note 

the dark th in  l in e  that i s  made up o f dead, crushed cork 

c e l l s  at th e  top o f the photograph. The phellogen appears 

below, and the normal c o r t ic a l  t is s u e  i s  beneath i t .  X 265*
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P la te  V

F ig u re  10 . B la c k , s h in y , p in h e ad  s to ra g e  scab le s io n s  w ith  rough 

s u r fa c e s  a p p e a r in g  on Stayman a p p le s  h e ld  f o r  two 

m onths a t  33° 3P* X .88*

F ig u re  11 . P o r t io n  o f th e  same f r u i t  more h ig h ly  m ag n ified  to  

show th e  g ra n u la r  n a tu re  o f th e s e  l e s i o n s .  X 3-3*
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P la te  VI

F ig u re  12 . S to rag e  scab a s  brown, s h in y , submerged le s io n s  on

Stayman f r u i t  h e ld  f o r  two months a t  33° C* X 1 .2 .  

F ig u re  1 3 . Same le s io n s  h ig h ly  m ag n ified  to  show th e  r h iz o id  to

f i la m e n to u s  ap p ea ran ce  o f  th e s e  submerged s to ra g e  

scab l e s i o n s .  X 3*3*
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P la te  VII

F igure lU . Rough su r fa c e , b lack  sto ra g e  scab le s io n  on the stem 

end o f a  Stayman apple h e ld  in  a home c e l la r  storage  

fo r  fo u r  months, X 3-0*

F igure 15 . B lack , ir r e g u la r , rough storage  scab le s io n  on a

B lack Twig app le h e ld  in  a  home c e l la r  storage fo r  

two months. Note th e in a c t iv e  p r e -s to ra g e  scab 

le s io n s  above. X 3-5*

F igure 1 6 * Minute s to ra g e  scab le s io n s  on a Stayman f r u i t  held  

in  a home c e l la r  storage fo r  fo u r  months. X 3*0. 

Figure 1 7 . A p o r tio n  o f th e  same f r u i t  to  show th e  o f f -c e n te r  

nature of th ese  t in y  storage  scab l e s i o n s .  X 6 .0 .
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P la te  VIII

Figure

F igure 19

F igure 20

. Storage scab on a Stayman apple stored  in  a  home c e l la r

sto ra g e  fo r  two months. X 3-3*

The same le s io n s  m agnified  to show fo u r  typ es of storage  

scab le s io n s  on th e same f r u i t .  There i s  a  filam entous  

b la ck  type; a  smooth, e n t ir e  brown type; a  b lack , f in e ly  

granular type; and a  b la ck , lo b a te  ty p e . X 6.3#

. Storage scab on a  Stayman apple h e ld  a t home c e l la r

sto rage  tem perature fo r  two months, and then at room

tem perature fo r  two months. Note th a t th e  b lack , sub­

merged le s io n s  have not broken through th e c u t ic le .  X 3*0#
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P la te  IX

F igure

F ig u re

21 . P re -s to ra g e  scat) le s io n  on a  Stayman ap p le , cen ter  of 

photograph, surrounded "by a brown h a lo  o f storage scab 

developm ent. Note the numerous storage  scab le s io n s  

nearby th a t are on ly  about 1 m illim e te r  in  s i z e .  X 3*5«

2 2 . B lack storage  scab le s io n s  on a Winesap apple o f the  

typ e which breaks through th e c u t ic u la r  su rfa ce . This 

f r u i t  was s to red  a t 33° ^or fou r months. X .85*
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P la te  X

Figure 23• I s o la t e s  #1N and #1M from brown storage  le s io n s  on 

Stayman ap p les on malt agar. Two tu b es to  th e  l e f t  

are i s o la t e  IN, and th e two to  the r ig h t are i s o la t e  

1M. The tu b es on e ith e r  end are 50 days o ld ; th ose  

in  th e cen te r  are 30 days o ld . The c u ltu re  to  th e  

l e f t  i s  rough, filam en tou s and produces abundant 

sp o res . The c u ltu re  to  th e  r ig h t  i s  smooth and com­

p act and has few c o n id ia . X 1 .2 .

Figure 2^. Tubes o f the same age c u ltu re  as f ig u r e  23 showing

smooth cu ltu re  on th e  l e f t  and a rough cu ltu re  on

th e r ig h t .  Two tu b es to  th e  l e f t  are i s o la t e  1D2 

from a b lack  s to ra g e  scab le s io n  from a  Stayman 

ap p le . The two tu b es to the r ig h t are i s o la t e  1DD 

from a brown sto ra g e  scab le s io n  from th e  same app le. 

X 1 .2 .

F igure 25 . A ten  day o ld  cu ltu re  of i s o la t e  1G-3 from a storage

scab le s io n  on a  Stayman apple showing an abundance 

o f sp ores. Some are s t i l l  a ttach ed  to  th e  hypha, and 

some spores are germ inatin g . X 25S.



P L A T E  X

2 3

2 4
■̂ 7 - 5



P la te  XI

Figure 26 . A 10 day o ld  malt agar c u ltu r e  o f i s o la t e  103 from a

■black storage  scat) le s io n  on a  Stayman apple h eld  in  a 

home c e l la r  sto rage  fo r  two months to  show th e  abundant 

spore p rod u ction , X 1120.

F igure 27 • Growth o f hypha from a 10 day o ld  m alt agar cu ltu re  o f  

i s o la t e  1G3 a f t e r  Hg hours in  tap  w ater. Note th e  

germ ination o f th e in d iv id u a l spore to  th e  r ig h t , and 

th e produ ction  o f a term inal sp ore . Other term inal 

co n id ia  to the l e f t  have produced sm aller  co n id ia  a t  

th e ir  apex, X 1120.
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P la te  XII

Figure 28

Figure 29

Figure 30

* A p o r tio n  o f a 10 day o ld  f r u i t in g  hypha w ith two 

co n id ia  a tta ch ed . X 1120.

• Mycelium from th e cen ter  o f a  75 &ay °ld- malt agar 

cu ltu re  o f i s o la t e  U 3# X 6 1 5 .

C onidia obtained  from th e  younger growing outer maî * 

g in  o f a 75 cLay 0I 6. malt agar c u ltu re  o f i s o la t e  

1J3 from a b lack  sto ra g e  scab le s io n  on a Stayman 

ap p le . Note th e  p o in ted  appearance o f th ese  spores#

x 615.
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P la te  XIII

F igure 31* C onidia and mycelium from the outer margin of a 75

day o ld  m alt agar c u ltu re  o f i s o la t e  LJ3, sta in ed  w ith  

Mayer! s Haem-Alum to  show u n in u clea ted  c e l l s .  X 1500.

F igure 32 . M ycelia l development in  th e  b lack  sto ra g e  scab zone

o f a p r e -s to ra g e  scab le s io n  on a D e lic io u s  apple h e ld  

in  sto rage  fo r  two months a t 33° 3T* The fungus stroma 

i s  in  th e  c u t i c l e ,  and around some epidermal c e l l s .

I t  en te r s  in to  th e h ost c o r tex  to  a depth o f only  two 

c e l l s .  X U20.
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P la te  XIV

Figure 33*

F ig u re  3^*

S to rag e  scab mat o f mycelium p e n e t r a t in g  an  i n t e r ­

c e l l u l a r  space  i n  a  Stayman a p p le  a s  i t  grows 'between 

two c e l l s .  Note th e  m y c e l ia l  p l a t e s  grow ing p a r a l l e l  

to  th e  o u te r  c u t i c l e  l a y e r .  X 935*

Growth o f  th e  fu ngus in  th e  extrem e o u te r  m argin  o f  

th e  b la c k  s to ra g e  scab zone o f  a  p r e - s to r a g e  scab 

l e s i o n .  The fungus i s  p e n e t r a t i n g  th e  m idd le  la m e lla  

o f th e  c e l l s  im m ed ia te ly  below  th e  e p id e rm is . There 

i s  no mycelium in  th e  c u t i c l e  above. X 800.
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P la te  XV

F ig u re  35*

Figure 36*

Mycelium from  a  s to ra g e  scah le s io n  grow ing in to  th e  

i n t e r c e l l u l a r  space  o f a  c o r t i c a l  c e l l  i n  a  Stayman 

ap p le  s to re d  f o r  two months i n  a  home c e l l a r  s to rag e*

x 25U0.

Mycelium from  a  s to ra g e  scab l e s io n  sp re a d in g  ou t in  

s e v e r a l  d i r e c t io n s  a f t e r  e n te r in g  th e  i n t e r c e l l u l a r  

space o f th e  c o r te x  o f a  Stayman a p p le .  X 2644*
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P la te  XVI

F ig u re  37* Growth, o f mycelium i n  a  s to ra g e  scah l e s i o n  from  th e  

m iddle la m e lla  o f one c o r t i c a l  c e l l  above to  a n o th e r 

c e l l  below* Growth i s  ta k in g  p la c e  betw een th e  ends 

o f  a d jo in in g  c e l l s *  X 2035*

F ig u re  3*3. S to rag e  scab  d e v e lo p in g  i n  th e  m idd le  la m e lla  o f  th e  

u p p er c o r t i c a l  c e l l s  o f  a  D e lic io u s  app le*  The h o s t 

c e l l s  a re  g r e a t ly  c ru sh ed  below  th e  mat o f  m ycelium .

x 5 to .
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P la te  XVII

F ig u re  39* S to rag e  scab mycelium d ev e lo p in g  "between th e  c e l l  w a lls  

o f a d ja c e n t c e l l s  in  th e  c o r te x  o f a  D e lic io u s  apple*

The fun g u s c e l l s  axe a p p ea rin g  "between th e  f i f t h  and 

s ix th  c e l l s  "below th e  ep iderm al c e l l s *  X ^70.

F ig u re  Ho. Mycelium o f s to ra g e  scab from  a  Stayman f r u i t  p e n e t r a t in g  

th e  c o r te x  to  a  d ep th  o f e ig h t  c e l l s  below  th e  e p id e rm is . 

The grow th o f th e  mycelium h e re  i s  b o th  i n t e r c e l l u l a r  

and i n t r a c e l l u l a r .  X M+5*
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P la te  XVIII

F ig u re  U l. S to rag e  scab  le s io n  on a  Stayman a p p le -w ith  th e  mycelium 

grow ing betw een th e  w a lls  o f th e  a d ja c e n t f i f t h  and 

s ix th  c o r t i c a l  c e l l  below  th e  e p id e rm is . C e ll d i f f e r ­

e n t i a t i o n  o f th e  fungus i s  n o t d i s t i n c t ,  X 800,

F ig u re  Mycelium mat of a  s to ra g e  scab le s io n  from  a  Stayman

a p p le . Note th e  h o r iz o n ta l  grow th o f a  p l a t e  o f th e  

mycelium in  th e  o u te r  edge o f th e  c u t i c l e ,  X 756*
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P la te  XIX

F ig u re  U3 . A s to ra g e  scab l e s io n  on a  W illiam s E a r ly  Red ap p le  

h e ld  in  s to ra g e  a t  33° 3P. f o r  f i v e  m onths. Note th e  

g re a t  dep th  to  which th e  fungus has p e n e tr a te d  th e  

c o r t i c a l  r e g io n . The h o s t c e l l s  a re  c ru sh e d , and 

many have d i s in te g r a te d .  The c u t i c l e  rem ains i n t a c t  

ahove th e  dense mat of th e  scab m ycelium . X 615* 

F ig u re  A s e c t io n  th ro u g h  th e  upperm ost l a y e r  o f c o r t i c a l

c e l l s  o f a  Stayman ap p le  cu t o n ly  th r e e  m icrons t h i c k ,  

showing p i t s  i n  th e  c e l l  w a l l s .  T h is  m a te r ia l  had 

been  t r e a te d  p re v io u s ly  w ith  KOH to  sw e ll th e  c e l l  

w a l ls .  X 756«
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