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An in v e s t ig a tio n  w as con du cted  in 1956 and 1957 at E a st L an sin g , 

M ich igan  to d e term in e  the p o s s ib le  in ter r e la t io n sh ip  o f fr e e z in g  a ir  te m p e r ­

a tu r e s  o c c u r r in g  n ea r  b loom  and the u se  o f c e r ta in  fu n g ic id e s  a s  a ffec tin g  

fru it r u s s e t in g  o f a p p les  (M alus d o m estic a  B o rk .).

In c o n tr o lle d  tem p era tu re  e x p e r im e n ts , b ea r in g  t r e e s  of the v a r ie ­

t ie s  Jonathan and G olden D e lic io u s  grow in g  on M ailin g  VII r o o ts to c k s  w ere  

e x p o sed  to, o r  p r o te c ted  from  fr e e z in g  a ir  te m p e r a tu r e s . T he tr e e s  w ere  

prun ed  to d iv id e the b ea r in g  su r fa ce  of each  tr e e  into two d is tin c t h a lv e s  so  

that two fu n g ic id e  tr e a tm e n ts  cou ld  be eva lu a ted  in the sa m e en v iron m en t.

At h a r v e s t  in 1956, it w as found that the fru it from  the g lyod in  

trea tm en t on the G olden  D e lic io u s  v a r ie ty  fo llo w in g  ex p o su re  to fr e e z in g  a ir  

te m p e r a tu r e s  w e re  84. 5 p e r ce n t h ea v ily  r u sse te d , a s  com p a red  to 24. 4 p e r ce n t  

for  the captan trea tm en t. T he fru it from  the tr e e  p r o te c ted  from  fr e e z in g  a ir  

te m p er a tu r e s  and r e c e iv in g  the g lyod in  trea tm en t w ere  27 . 8 p e r ce n t h e a v ily  

r u sse te d , w h ile  the p o r tio n  tr e a ted  w ith  captan had no fru it so  a ffec ted . In 

1957, w h ere  g lyod in  w as u sed  at h a lf -s tr e n g th  (one pint) p lu s  o n e -fo u rth  

pound o f Phygon, it  w as found that the fru it w ere  l e s s  s e v e r e ly  r u s se te d  than  

w h ere g lyod in  w a s u sed  a lo n e  at one quart p er  100 g a llo n s .

Of the h a r v e s te d  fr u it  o f the Jonathan v a r ie ty  r e c e iv in g  the g lyod in  

tr e a tm e n t in 1957 and p r o te c te d  from  ex p o su re  to te m p e r a tu r e s  below  32® F,
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2. 94 p e r c e n t w e re  h e a v ily  r u s se te d  and 48. 53 p e r c e n t lig h tly  r u s se te d . F o r  

th o se  tr e a te d  w ith  captan  2. 44 p e r ce n t w ere  h ea v ily  r u s se te d , and 19. 51 p e r ­

cen t lig h tly  r u s se te d . E x p o su r es  to m in im um  te m p e r a tu r e s  of 27 . 5° , 3 0 .5 ° ,  

31. 5® and 30. 5®F n ea r  bloom  w h ere captan w as used , r e su lte d  in 15. 52 p e r ­

cen t o f the fru it h ea v ily  r u s se te d  and 46. 55 p e r c e n t lig h tly  r u s se te d  a s  c o m ­

p a red  to 67. 07 p e r c e n t h ea v ily  r u s se te d  and 28. 05 p e r ce n t of the fru it lig h tly  

r u s s e te d  from  the u se  of g lyod in .

F ie ld  s tu d ie s  w e re  conducted  at G rand R apids, M ich igan  on b ea r in g  

Jonathan, and M cIntosh  apple t r e e s  co m p arin g  ferb am , glyodin , th iram  and  

captan  in 1956, and w etta b le  su lfu r , g lyodin , th iram  and captan in 1957, a s  

a ffe c tin g  fru it r u s se t in g . In 1956, a 3 0 -m in u te  p er io d  o f 30. 5*F w as e x p e r ­

ie n c ed  p r io r  to bloom  and no d if fe r e n c e s  w ere  o b se rv e d  betw een  tr e a tm e n ts . 

In 1957, te m p er a tu r e s  of 31. 5®, 31. 0°“, and 31. 5®F w ere  r e c o r d e d  n ea r  bloom  

and s ig n ifica n t d if fe r e n c e s  o f h ea v ily  r u s se te d  fr u its  w e re  o b se rv e d  betw een  

tr e a tm e n ts  on the Jonathan v a r ie ty . T he t r e e s  tr e a ted  w ith  captan w ere  lo ­

ca ted  in th ree  d ifferen t a r e a s  of the p lan tin g , and the p e r ce n ta g e  of fru it  

h ea v ily  r u s se te d  from  th e s e  lo c a tio n s  ranged  from  12. 1 to 21. 6 p e r ce n t.

T h is  co m p a red  to 12. 4 p e r ce n t fo r  the su lfu r  trea tm en t, 18. 0 p e r ce n t for  

the th iram  trea tm en t, and 29. 5 p e r ce n t fo r  the g lyod in  trea tm en t. The c a p ­

tan trea tm en t h av in g  the 21 . 6 p e r ce n t h ea v ily  r u s se te d  fr u it  w as lo w er  in
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e le v a t io n  than the o th er  tr e a tm e n ts . T he e x c e s s iv e  r u s s e t in g  cou ld  be a s s o ­

c ia te d  w ith  lo w er  a ir  te m p e r a tu r e s  in  the l e s s  fa v o ra b le  e lev a t io n .

T h e sa m e  w ea th er  co n d itio n s and sp ra y  tr e a tm e n ts  on M cIn tosh  r e ­

su lte d  in  no s ig n if ic a n t d if fe r e n c e s  b etw een  tr e a tm e n ts . H ow ever, in  1957  

m o r e  r u s s e t in g  w a s o b se r v e d  fo r  a ll  the tr e a tm e n ts  m ade on both v a r ie t ie s  

than in  1956.

H is to lo g ic a l s tu d ie s  w e r e  condu cted  in  1956 to d e term in e  the d if fe r ­

e n c e s  in  d ev e lo p m en t o f the c u tic le  and e p id e r m a l t is s u e  o f the v a r ie t ie s  

G old en  D e lic io u s , Jonathan and M cIntosh; and to stud y the d ev e lo p m en t o f  

r u s s e te d  t is s u e  o f G old en  D e lic io u s  w hen c e r ta in  fu n g ic id e s  a r e  u se d  p r io r  

to  sec o n d  c o v e r .

T he f ir s t  m ic r o s c o p ic  s ig n s  o f r u s s e t  fo rm a tio n  on G old en  D e lic io u s  

w e r e  o b se r v e d  th ree  w eek s  a fte r  fu ll b loom  a s  a sm a ll  num ber o f ir r e g u la r ly  

p r o life r a t in g  c e l l s  of the o u ter  c o r t ic a l la y e r . F ou r  w eek s  a fte r  fu ll b loom , 

th e s e  p r o life r a t in g  c e l l s  had ruptured  the e p id e r m is  and c u tic le . A s grow th  

o f  the fr u it  contin ued , m o r e  su b -e p id e r m a l p r o life r a tio n  o c c u r r e d  and a t h a r ­

v e s t  t im e , a v e r y  ev id en t p h e llo g en  w as fo rm ed  below  the r u s se te d  a r e a . T he  

in it ia l ru p tu res  o f the e p id e r m a l la y e r  cou ld  not be a s s o c ia te d  w ith  the p r e s ­

en c e  o f e ith e r  tr ic h o m e s  o r  stom ata .
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M ic r o sc o p ic  s tu d ie s  of the d ev e lop m en t o f the p r o te c t iv e  la y e r s  of 

the fru it r e v e a le d  that at the tim e  the f lo w e r s  e m e r g e  from  buds, the r e c e p ­

ta c le  i s  not c o v e r e d  w ith  a c u t ic le . H ow ever, so m e  fa tty  su b sta n ce s  w e r e  

found w ith in  the e x p o se d  c e l l - w a l ls  o f the ep id erm a l c e l l s  p r io r  to  b loom . 

C u ticu la r iza tio n  o c c u r r e d  f ir s t  at the b a s e s  o f the tr ic h o m e s , T en to fo u r ­

teen  d ays a fte r  fu ll b loom , the c u tic le  w as co m p le te  on the fru it su r fa c e .

T he e p id e r m is  o f M cIntosh, Jonathan and G olden D e lic io u s  w as  

s im ila r  until a p p ro x im a te ly  30 days a fter  fu ll b loom . At th is  tim e  the 

e p id e r m a l c e l l s  o f G olden D e lic io u s  a p p eared  to sep a ra te  and sep a ra tio n  

in c r e a s e d  a s  the fr u it  continued  to e n la r g e . At m atu rity , no w e ll-d e f in e d  

e p id erm a l la y e r  co u ld  be found. In co n tra st, the ep id erm a l la y e r  of the 

M cIntosh  rem a in ed  v e r y  ev id en t during grow th and m atu rity , and no s e p a r ­

a tion  o f e p id e r m a l c e l l s  w as o b serv ed . T he ep id erm a l la y e r  o f Jonathan, 

although d isc e r n a b le , w a s not a s  reg u la r  a s  that o f the M cIntosh.
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INTRODUCTION

D u rin g  the p a s t  ten  y e a r s , M ich igan  apple g r o w e r s  have been  

u t il iz in g  m any o f the new o rg a n ic  p e s t ic id e s  in  v a r io u s  ty p es  o f sp ra y  p r o ­

g r a m s  under d iv e r se  c l im a t ic  co n d itio n s  and have e x p e r ie n c e d  w ide v a r ia ­

t io n s  in th e ir  e f fe c t s  on fru it r u s se t in g . T h ey  a c ce p ted  the r u s se t in g  a s  

co ld  in ju ry . M itch e ll (35), stu d y in g  the in flu en ce  o f fu n g ic id es  on fru it  

f in ish , found that t r e e s  sp ra y ed  w ith a c e r ta in  fu n g ic id e  p rod u ced  fru it w ith  

a v e r y  fa v o ra b le  f in ish  one y ea r , w h e r ea s  the fo llo w in g  y ea r , u s in g  the  

sa m e  c h e m ic a l, the fru it w a s v e r y  s e v e r e ly  r u s se te d . H ow ever, o th er  

fu n g ic id es  in c lu d ed  in  the study w e re  found to ca u se  v e r y  l i t t le  r u s se t in g  

o f the fru it.

D ata from  o th er  w o r k e rs  (21, 29, 43, 46) have in d ica ted  that fru it  

r u s s e t in g  a ttr ib u ted  to sp ra y  in ju ry  s e e m e d  to be m o re  s e v e r e  w hen " sp rin g  

fr o s ts"  had o c c u r r e d  n ea r  the b lo s so m in g  p e r io d . H ow ever, no a ttem p t  

w as m ade to c o r r e la te  the com b in ed  e f fe c t s  o f " sp r in g  fro st"  w ith p e s t ic id e  

c h e m ic a ls  on the am ount o f r u s se t in g .

It w a s ev id en t from  p r e lim in a r y  r ep o rts  (34, 35, 38) that not a ll  

v a r ie t ie s  w e re  r u s s e te d  from  the o c c u r r e n c e  of fr e e z in g  te m p e r a tu r e s  c lo s e  

to  b loom  e v en  though the sa m e  p e s t ic id e  c h e m ic a ls  w e r e  u sed . T h is  su g ­



g e s te d  th at a p o s s ib le  d is - s im i la r i t y  o f the p r o te c t iv e  la y e r s  o f the fru it  

e x is t s  b etw een  so m e  v a r ie t ie s .  H is to lo g ic a l s tu d ie s  o f n o rm a l and r u s se te d  

t i s s u e s  have b een  d e sc r ib e d  by e a r l ie r  in v e s tig a tio n s  (1, 2, 3, 4, 24, 32, 55, 57, 

58, 60, 64) but the p o s s ib le  c a u se  fo r  v a r ie ta l d if fe r e n c e s  in  s u sc e p t ib ility  

to  fru it r u s s e t in g  w a s n e g le c te d . H ow ever, m en tion  w as m ad e o f c e r ta in  

s p e c if ic  v a r ie ta l c h a r a c te r is t ic s  r e la t iv e  to the o u ter  t i s s u e s  o f the fru it 

(24, 32, 55, 57, 60).

S in ce  e a r ly  fru it r u s s e t in g  i s  g e n e r a lly  not o b se rv a b le  w ithout the  

a id  o f a le n s e  un til a p p ro x im a te ly  s ix  w eek s a fte r  fu ll b loom  (6), it  w as  

b e lie v e d  that sp ra y  c h e m ic a ls  a lo n e  ca u sed  the in ju ry  (21, 24, 43). T h is  

p r e m is e  co u ld  accou n t fo r  the o v e r s ig h t o f a p o s s ib le  in ter a c tio n  o f f r e e z ­

in g  a ir  te m p e r a tu r e s  and the u se  o f c e r ta in  p e s t ic id e  c h e m ic a ls  a s  a f f e c t ­

in g  fru it r u s se t in g .

/

It w a s su g g e s te d  by B ell (2) that the app le  f lo w e r  r e c e p ta c le  i s  not 

c o m p le te ly  c o v e r e d  w ith a c u t ic le  u n til sh o r tly  a fte r  fu ll b loom . B ecau se  

o f th e p r o te c t iv e  n atu re  o f p lant c u tic le , i t s  d ev e lo p m en t m a y  be r e la te d  

to fru it r u s se t in g .

P r e v io u s  h is to lo g ic a l in v e s t ig a tio n s  o f r u s se te d  fru it (4, 24, 29, 60) 

h ave in d ica ted  an a s s o c ia t io n  w ith  tr ic h o m e s  and sto m a ta  of the fru it e p i­

d e r m is . H ow ever, c a su a l f ie ld  o b se r v a tio n s  have r e s u lte d  in  a q u es tio n ­

in g  o f th is  p r e m is e  w ith  r e s p e c t  to f r e e z in g  te m p e r a tu r e s  and o rg a n ic  p e s t i ­

c id e  c h e m ic a ls .



3 .

T h e re fo r e , th is  in v e s tig a tio n  w as undertaken  to determ in e:

1) T he e f fe c t s  o f f r e e z in g  te m p er a tu r e s  and o rg a n ic  fu n g ic id e  c h e m ic a ls  

on fru it r u s s e t in g  and the in ter a c tin g  e f fe c t s  of th e se  two fa c to r s .

2) T he re la t io n sh ip  o f c u t ic le  d eve lop m en t a s  it m ay in flu en ce  the fa c to r s  

a ffe c tin g  fru it r u s se t in g . 3) The m an n er of r u s s e t  d eve lop m en t and its  

a s s o c ia t io n  w ith  the tr ic h o m e s  and stom ata  o f the fru it e p id e r m is .

4) T he p o s s ib le  r e a so n  fo r  v a r ie ta l d if fe r e n c e s  of r u s se t  su sc e p tib ility .



REVIEW  OF LITER A TU R E

" F r o s t” h a s  lo n g  b een  c o n s id e r e d  a  p r im a r y  c a u se  o f fru it  

r u s s e t in g  o f a p p le s . One o f  the e a r l ie s t  r e c o r d in g s  o f th is  p r e m is e  w a s  

m ad e by D o r se y  (9) in  1918. R e fe r r in g  to the con d ition  o f the app le a w eek  

a fte r  b e in g  e x p o se d  to a tem p era tu re  o f 27° F o c cu r in g  a t fu ll b lo o m i/ ,  

he sa id  "The p is t i l s ,  s e e d s , and c o r e  w e r e  b ro w n --th a t i s  k il le d --a n d  the  

sk in  se p a ra ted  from  the young app le in  p a tch es  or  e n t ir e ly . T h ere  w e re  

so m e  v a r ia tio n s  found in  the d e g r ee  o f k illin g . In so m e  c a s e s  the p is t i l s  

w e r e  not k il le d  and in  o th e r s  the s e e d s  w e re  not. In a ll  c a s e s  w h ere  the  

p is t i l ,  s e e d s , and c o r e  w e re  k illed , the app le  f e l l  a few  d ays a fterw a rd . 

W h ere  th e s e  w e re  not k illed , and th e sk in  on ly  w as a ffec te d  by b e in g  broken  

aw ay, th e s e  a p p les  ‘set* and m atu red . T he sk in  b e in g  k illed  e n t ir e ly  or  

on ly  p a r t w ay around soon  d r ied  and tu rn ed  brow n, and w ith  fu rth er  grow th  

o f  the ap p le, w a s  torn  aw ay, le a v in g  the su r fa c e  un dern eath  ex p o sed . It 

w a s now n e c e s s a r y  to  form  a new su r fa c e  to th is  a r e a  le ft  b are  by the r e ­

m o v a l o f the sk in  o r  e p id e r m is . "

S im ila r  co n d itio n s  w e r e  rep o r ted  by M a cD a n ie ls  and H ein ick e  (29) 

and by R o sen  (53) fo llo w in g  fr e e z in g  te m p e r a tu r e s  o c cu r in g  n ea r  b loom .

y
S ee  A ppendix A fo r  an exp lan ation  o f te rm in o lo g y .



T h e type of fru it r u s s e t in g  o c cu r in g  from  co ld  in jury o f th is  nature d e sc r ib e d  

by m any a u th ors (1, 9, 10, 11, 14, 15, 16, 20, 24, 29, 55), m igh t b e s t  be i l lu s ­

tr a te d  by the w ord s o f H ed r ick  (24), " F ro st r u s se t in g  on fru it n e a r ly  a lw a y s  

a p p ea rs  in  bands or  z o n e s  o f g r e a te r  or  l e s s  w idth running around the fru it  

m id w ay  b etw een  b a se  and apex" . O ther k inds o f r u s s e t  p a ttern s  w ere  r e ­

p o rted  by G ourley_et al_. (20), " F ro st in jury m ay  take the form  of r u s se t in g  

the fru it, o c c u r in g  e ith e r  in  bands, in p a tch es  about the b asin  or cav ity , 

or  in sp o ts  on the su r fa c e  o f the skin" . T h is  la tter  type o f r u s se t in g  has  

u su a lly  b een  a s s o c ia te d  w ith  m ild er  fr e e z in g  te m p er a tu r e s .

Cold in jury, s e v e r e  enough to c a u se  bands of r u s se te d  t is s u e  

on the fru it a s  d e sc r ib e d  by H ed rick  (24) w as not n e c e s s a r i ly  r e la te d  to 

the u s e  o f sp ra y  c h e m ic a ls  b e c a u se  it w as o b se r v e d  in  o rch a rd s  fo llo w in g  

fr e e z in g  te m p er a tu r e s  c lo s e  to bloom  that r e c e iv e d  no sp r a y s  du rin g  the  

grow in g  s e a so n  (29). When fr e e z in g  te m p e r a tu r e s  o c c u r r e d  c lo s e  to 

b loom , M a cD a n ie ls  and H ein ick e  (29) p o stu la ted  that an exp lan ation  for  

the o c c u r r e n c e  of the r u s s e t in g  in  a ra th er  lo c a liz e d  m an n er on so m e  fru it  

and d iffu sed  o v e r  the fru it on o th e r s  m igh t be due to a s lig h t d iffe re n c e  in  

the tem p era tu re  w h ich  k illed  the c e l l s  of the e p id e r m is  and ad jacent  

t i s s u e s .  A ir  m o v em en t cou ld  in flu en ce  th is  v a r ia tio n  in tem p era tu re .

T hey a ls o  sta ted , "W here the f r e e z e  o c c u r s  b efore  the f lo w e r s  of the  

b lo s so m in g  c lu s te r s  sep a ra te , the in jury has been  o b se r v e d  to be confin ed



to  the d e fin ite  s e c to r s  o f the fru it, to u ch in g  ea ch  o th er  at that t im e . Con­

ta c t o f th e young o v a r ie s  o f the b lo s s o m s  w ith  ea ch  o th er  or  ad jacen t le a v e s  

m ay a ls o  have so m e th in g  to do w ith  the fr o s t  r in g s  that a r e  freq u en tly  

form ed " .

F o r  m an y y e a r s  the cop p er  fu n g ic id e s , bord eau x and fix ed  

cop p er , l im e -s u lfu r  m ix tu r e s  and la te r  e le m e n ta l su lfu r  w e re  the p r in c i­

p a l fu n g ic id e s  u sed  on ap p le  t r e e s  (M alus d o m estic a  B o rk .) in  th is  country . 

T he r e p o r ts  o f in ju ry  to the f in ish  o f the fru it durin g th is  p er io d  a r e  quite  

n u m ero u s (1, 11, 15, 18, 24, 43, 47, 51, 52, 63). Dutton (11) has sta ted , "The 

r u s s e t in g  of the fru it, fo llo w in g  the u se  o f b ord eau x in e a r ly  su m m er  a p p li­

ca tio n s , i s  a lim it in g  fa c to r  in  the u se  o f th is  sp ra y  on a p p les" .

M o rse  (43), u s in g  liq u id  l im e -s u lfu r  a s  the fu n g ic id e  and lea d  

a r se n a te  a s  an in s e c t ic id e , r ep o rted  a h ig h er  p e r ce n ta g e  o f r u s s e t in g  in  

the sp ra y ed  p lo ts  than in  the u n sp rayed  p lo ts . Baker (1) n oted  that " su l­

fu r  burning" o c c u r r e d  la te  in  the s e a so n  d u rin g  hot w eath er  and g e n e r a lly  

r e su lte d  in  r u s se t in g  o f the fru it . T h e se  au th ors (1, 43) a s so c ia te d  a b lotch y  

o r  " n et-lik e"  r u s s e t in g  w ith  sp ra y  in jury. T h is  i s  qu ite d ifferen t than the  

" r u sse t  r in g s"  o r  s tr e a k s  d e sc r ib e d  e a r l ie r  (24) a s  c h a r a c te r is t ic  of fr o s t  

in ju ry . It shou ld  be noted  a ls o  from  th e se  e a r l ie r  r e p o r ts  on fr u it  fin ish , 

that fr o s t  w as p rob ab ly  r e la te d  to the s e v e r ity  of r u s se t in g , although not
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r e c o g n iz e d  a s  a fa c to r . F o r  ex a m p le , M o rse  (43) o b se rv e d  that during  

the y e a r  w hen th e sp r in g  w as w et, co ld  and " fr o s ty ”, m o re  r u s se t in g  w as  

noted  at h a r v e s t  than in the fo llo w in g  y ea r  u s in g  the sa m e  sp ra y  c h e m ic a ls  

w hen m o re  fa v o ra b le  w ea th er  co n d itio n s o c c u r r e d  in the sp r in g .

H am ilton  and P a lm ite r  (21) o b se r v e d  that the fru it from  a lo w er  

e le v a t io n  o f a b lock  o f G old en  D e lic io u s  had m o re  r u s se t in g  than fru it from  

the h ig h er  p o r tio n  of the p lan tin g . T h is , th ey  stated , in d ica ted  that a ir  

d ra in age  is  a fa c to r  in  r u s s e t  in jury . T h ese  au th ors w ere  in te r e s te d  in  

a ir  d ra in age a s  it in flu en ced  d ry in g  con d itio n s ra th er  than the p o s s ib le  

a s s o c ia t io n  of fr e e z in g  tem p era tu re  and r u s se t in g  at th e se  lo w er  e le v a t io n s .

S in ce  the in trod u ction  of fe r b a m i^  in 1939 (19, 25), m any o rg a n ic  

fu n g ic id es  have been  found w hich have l e s s  un favorab le  p h y s io lo g ic a l e f fe c ts  

on app le t r e e s  and fr u its  than the e a r l ie r  con ven tion a l c h e m ic a ls . M any  

o f th e se  m a te r ia ls  have had w id e -sp r e a d  u se  in c o m m e r c ia l app le o rch a rd s  

w ith  v a ry in g  r e s u lt s .  P a lm ite r  (46) r ep o rted  that l e s s  fru it w ere  r u s se te d  

from  the u se  o f ferb am  w ith  lea d  a r se n a te  than w ettab le  su lfu r  and lead  

a r se n a te . He a lso  o b se r v e d  m o r e  r u s s e t in g  on G olden  D e lic io u s  w ith the 

u se  o f ferb am  than on R ed D e lic io u s . G arm an (17, 18) found s im ila r  r e ­

su lts  w ith  the sa m e  m a te r ia ls  on o th er  v a r ie t ie s  of a p p les .

1/
— S ee  A ppendix B fo r  the c h e m ic a l nature o f the sp ra y  com pou nds.



S h a rv e lle  (54) n o ted  that th e u se  o f captan  p rod u ced  a h ig h er  p r o ­

p o r tio n  o f r u s s e t - f r e e  fr u it  than w hen bordeaux, w etta b le  su lfu r  or  ferbam  

w e r e  u se d  in  the sp ra y  p ro g ra m  on G olden D e lic io u s .

A s ta te m e n t m ad e by M itch e ll (33) in  1951 i s  o f  in te r e s t , "With 

th e  w ea th er  in fo rm a tio n  now a v a ila b le , g r o w e r s  can  a v o id  a c e r ta in  am ount 

o f r u s s e t in g  by u s in g  sp ra y  c h e m ic a ls  ap p rop ria te  to the w ea th er  co n d itio n s. 

D u rin g  so m e  s e a s o n s  a lm o st  any of the sp ra y  c h e m ic a ls  m ay  be u sed  w ith  

l i t t le  e f fe c t  on f in ish . It i s  the o c c a s io n a l y e a r  that s e le c t io n  o f sp ra y  

c h e m ic a ls  i s  so  im p ortant" . T he o c c a s io n a l y e a r  he r e f e r s  to i s  one in  

w h ich  fr e e z in g  te m p e r a tu r e s  o c cu r  c lo s e  to b loom . T h is  p r e m is e  i s  the  

f ir s t  in d ica tio n  s in c e  the in trod u ction  o f o rg a n ic  p e s t ic id e  c h e m ic a ls , that 

w ea th er  co n d itio n s a r e  p la y in g  a r o le  in  the e f fe c t s  o f c e r ta in  of th e se  new  

fu n g ic id e s  on fru it r u s se t in g .

S in ce  th is  e a r ly  g e n e ra liza tio n , M itch e ll (36, 37, 38, 39) h a s  r e ­

p o r ted  fu rth er  o b se r v a tio n s  on fru it r u s se t in g  su p p o sed ly  ca u sed  by fu n g i­

c id e  c h e m ic a ls  c lo s e ly  r e la te d  to fr e e z in g  te m p er a tu r e s  n ea r  fu ll b loom .

H e s ta te d  (36), "No sp ra y  c h e m ic a l can  be ex p ected  to su b stitu te  for  lo c a ­

tion  and w ea th er  co n d itio n s w hen th e se  tw o fa c to r s  m a y  be the r e a so n  fo r  

fr u it  r u s se t in g . F o r  ex a m p le , in  1953 .captan w as u se d  on b ea r in g  G olden  

D e lic io u s  t r e e s  in  two lo c a tio n s  o f  the M ich igan  S tate  U n iv e r s ity  H o rticu ltu ra l
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fa rm , E a st  Lansing* T h e sa m e  sp ra y  m ix tu r e s  o f captan w e r e  u sed  on 

e a ch  b lo ck  of trees*  H ow ever, at h a r v e s t  t im e  the fr u its  from  one lo ca tio n  

w e re  s e v e r e ly  r u s s e te d  w h ile  the f in ish  o f fr u its  from  the seco n d  lo ca tio n  

w a s e x c e lle n t . Cold, hum id co n d itio n s e x is te d  on o r  about the tim e  o f fu ll 

b lo o m . T h is  con d ition , cou p led  w ith  the la ck  of a ir  d ra in age in  one lo c a ­

tion , r e s u lte d  in  s e v e r e  fru it r u s se t in g  o f the G olden D e lic io u s . N e v e r ­

th e le s s ,  the fru it o f M cIntosh , C ortland, N orth ern  Spy and W ealthy grow n  

in  th is  sa m e  lo ca tio n  had v e r y  good fin ish . T hus, it i s  c le a r  that under  

c e r ta in  en v iro n m en ta l con d itio n s fru it r u s se t in g  of so m e  v a r ie t ie s  w ill  

o c c u r  r e g a r d le s s  of sp ra y  c h e m ic a l u sed" .

M itch e ll h as r ep o rted  that g lyod in  has ca u sed  r u s se t in g  of G olden  

D e lic io u s  (37). He a ls o  o b se r v e d  the in c r e a se d  in c id en ce  o f r u s se t in g  on 

Jonathan from  the u se  of ferb am  (38) when a low of 29" F o c c u r r e d  at the  

t im e  o f p in k  and a low  o f 31° F at fu ll b loom . T h is  sa m e  m a te r ia l, how ­

e v e r , red u ced  the am ount o f r u s s e t in g  on R ed D e lic io u s  and M cIntosh  when  

co m p a red  to the u se  of w ettab le  su lfu r . He noted  in  y e a r s  when the a ir  

te m p era tu re  rem a in e d  above 3 3 °F , th er e  w as v e r y  lit t le  d iffe re n c e  in  the  

fru it f in ish  o f  th e se  th re e  v a r ie t ie s  r e s u lt in g  from  the tr e a tm e n ts , w ettab le  

su lfu r  v e r s u s  ferb a m .

In v estig a tio n s  on fru it f in ish  o f the B artlett p ea r  by H a r r is  and



G r ig g s  (22, 23) r e v e a le d  r u s s e te d  fru it in  lo c a tio n s  that had e x p e r ie n c e d  

fr e e z in g  te m p e r a tu r e s  n ea r  b loom . In a r e a s  that did not have th e se  co ld  

te m p e r a tu r e s , v e r y  l i t t le  r u s s e t in g  w as o b serv ed .

H ed rick  (24) su g g e ste d  in 1907 that the am ount o f in ju ry  from  

bord eau x sp r a y s  v a r ie d  g r e a t ly  with: (1) T he s tr u c tu r e  o f the sk in  due to 

the g r ea t v a r ia tio n s  in  the sk in s  o f a p p les  o f d ifferen t v a r ie t ie s .  (2) The  

con d ition  o f the sk in  a s  to the age o f fru it and the su c cu len cy  or  te n d er n e ss  

from  w ea th er  co n d it io n s . He o b se rv e d  that from  four to s ix  w eek s a fter  

b lo s s o m s  drop, the young apple w as c o v e r e d  w ith  a fe lt  o f fin e  h a ir s . He 

sta ted , "E xam in ed  under the m ic r o sc o p e , one s e e s  upon the e p id e r m is  of 

the young app le  m an y sto m a ta . In tim e  the h a ir s  and m o st of the sto m a ta  

a r e  lo s t , the fo r m e r  dropping off, le a v in g  a d is tin c t sca r " . H ed rick  

ex p la in ed  that b ord eau x  p rob ab ly  ca u sed  in jury to th e se  h a ir s  and ad jacen t  

e p id e r m a l c e l l s  a s  w e ll a s  to c e l l s  ad jacen t to the stom ata . The r e su lt  

b e in g  that th e se  c e l l s  w e r e  unable to, in  h is  w ord s, "bear th e ir  sh a re  o f  

the su r fa c e  ten sion "  a s  the fru it g r o w s, c a u s in g  a te a r  in  the sk in  o f the 

fru it . He fu rth er  sta ted , "It i s  the dead  c e l l s  and the h ea lin g  o f th e se  la c e r  

a tio n s , the c ic a tr iz a t io n  o f w ounds, that c a u se s  the cork y, r u s se te d  la y e r  

on fr u it s  w hich  w e c a ll  b ordeaux in jury" . He m ade an oth er  im p ortan t o b se r  

v a tio n  that b ord eau x in ju ry  p rob ab ly  d o es  not o ccu r  a fte r  the h a ir s  a r e  shed,



o r  w hen the sto m a ta  h ave changed  to le n t ic e ls  and a fter  a w axy co a tin g  

is  fo rm ed .

M o rse  (43) o b se r v e d  in  1916, that w hen the p in k -s ta g e  sp ra y  of 

liq u id  l im e -s u lfu r  and lea d  a r se n a te  w as om itted , n e a r ly  13. 5 p e r ce n t  

m o re  m erch a n ta b le  a p p les  w e re  obtained  due to a g r e a te r  freed om  of 

r u s se t in g .

M ore r e c e n t  s tu d ies  by P a lm iter  (46) and by M itch e ll (33, 36, 37, 

38, 39) have in d ica ted  that the c r it ic a l  p e r io d  o f fru it d evelop m en t when  

in ju ry  m ay o ccu r  is  from  p r e -p in k  to a p p ro x im a te ly  two w eek s a fter  fu ll 

b loom .

T h is  cou ld  be r e la te d  to the type o f f lo w er  and fru it of the ap p le . 

Black (5) d e sc r ib e d  the app le a s  a r e -e n fo r c e d  or c o m p o site  fru it c o n s is t ­

in g  of one to s e v e r a l d r u p e -lik e  fr u its  em bedded  in a f le sh y  to ru s  and is  

c a lle d  a p o m e. T he to ru s  is  the r e c e p ta c le  of an ep igyn ou s flo w er  and by 

e x c e s s iv e  grow th p ro d u ces  the m a jo r  f le sh y  or ed ib le  p ortion  o f the fru it.

By th is  d e sc r ip t io n  o f an ep igyn ou s flo w er , it m ay  be a ssu m ed  

that a s  soon  a s  the r e c e p ta c le  of the flo w er  i s  e x p o sed  to ex tern a l co n d i­

tio n s, any en v iro n m en ta l fa c to r s  a ffe c t in g  the flo w er  w ill su b seq u en tly  

a ffe c t  the ap p ea ra n ce  o f the r e su lt in g  fru it.
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H isto lo g ic a l S tu d ies

B ell (2) h a s  d iv id ed  the p r o te c t iv e  la y e r s  of the app le  into four  

r eg io n s: (a) co a tin g  o f  e p id e r m a l h a ir s ;  (b) the c u tic le ; (c) the e p id e r m is ;  

and (d) the h y p o d erm is . He o b se r v e d  that at the t im e  the f lo w e r s  e m e r g e  

from  the w in ter  buds, the flo w er  r e c e p ta c le  w a s  c o v er e d  w ith  a th ick  

c o a tin g  o f h a ir s . T h ree  w eek s  b efo re  fu ll b loom  c u tic le  s ta r ted  to form  

at the b a se  of the h a ir s  and by about th ir ty  days a fter  fu ll b loom , it had 

c o m p le te ly  f i l le d  in  around the b a se  and g e n e r a lly  any m o v em en t w ould c a u se  

the h a ir  to b reak  off. C on cern in g  the c u tic le , B ell sta ted , ”At the t im e  the  

f lo w e r  e m e r g e s  the c u t ic le  i s  hard to d efin e, but by u s in g  Sudan IV, it can  

be s e e n  a s  p atch y  on the su r fa c e  and by the end o f the seco n d  w eek  a fter  

fu ll b loom , the c u t ic le  i s  c o m p le te  ex cep t fo r  stom ata  o r  young le n t ic e ls  

w h ere  it sh a d es  off to nothing. D uring A ugu st the c u tic le  s ta r ts  to  invade  

th e ep id erm a l and in  so m e  c a s e s  ev en  the h yp od erm al la y e r  of c e l l s  and  

it i s  d ifficu lt to m e a su r e  i t s  th ick n e ss" . He ap p rox im ated  i t s  th ick n e ss  to  

be about 23 m ic r o n s .

T ukey and Y oung (59) r ep o rted  that the c u tic le  a p p ea rs  in c r o s s -  

s e c t io n  a s  s c a r c e ly  m o re  than a lin e  at fu ll b loom . M eyer  (32), u s in g  Sudan 

III a s  a s p e c if ic  s ta in  fo r  fa tty  m a te r ia ls  (27), noted  that the ou ter  tan gen tia l 

w a lls  of the ep id erm a l c e l l s  took  a sm a ll am ount o f  Sudan III in d ica tin g  a



d ep o s itio n  o f w axy  m a te r ia ls .  He a ls o  o b se r v e d  a s lig h t  in c r e a s e  in  the 

c u t ic le  w hich  o c c u r r e d  fro m  fu ll b loom  onw ard, p a r t ic u la r ly  around the  

h a ir  b a s e s . H ow ever, he s ta ted  that the c u tic le  w as not d is t in c t  and  

m e a su r a b le  on G old en  D e lic io u s  until a p p ro x im a te ly  e ig h teen  d ays fo llo w ­

in g  fu ll b loom  a fte r  w hich  it in c r e a s e d  in  th ick n e ss  to 13. 18 m ic r o n s .

P r ie s t ly  (50), who w ork ed  on s te m s  o f a n g io sp erm  p la n ts  sta ted , 

"F rom  the o u tse t the e s s e n t ia l  f ir s t  sta g e  of a c u t ic le  i s  p r e se n t  o v e r  the 

a p ex  a s  a con tin u ou s la y e r  o f fa tty  su b sta n ce s  o v e r ly in g  the c e llu lo s e  w a lls  

of the o u ter m o st c e l ls " .  He in d ica ted  that p lan t t i s s u e s  ex p o sed  to the 

a tm o sp h er e  w e r e  c o v e r e d  w ith  a con tin u ou s film  o f o i l  or fat that cou ld  be 

te r m e d  c u t ic le . E sa u  (13) p r e se n te d  a s im ila r  d e sc r ip t io n  of the c u tic le  

co a tin g  o f e x p o sed  p lan t t is s u e .  T h e se  g e n e r a liz a t io n s  a re  in d is tin c t c o n tra st  

w ith  o b se r v a tio n s  (2, 32, 59) m ade on app le fru it d evelop m en t. F u rth erm o re , 

W haley , M e r ic le  and H e im isc h  (62) and M e r ic le  and W haley (31) rep o rted  

that in  the m e r is t e m a t ic  ap ex  of the sh oot o f corn  (Z ea  m a y s  L . ) th ey  cou ld  

fin d  no p o s it iv e  in d ica tio n  o f the p r e s e n c e  of fa ts  in the w a lls  o f the m e r i ­

s te m a tic  c e l l s .  T h e se  r e p o r ts  o f v a r ie d  o b se rv a tio n s  s t i l l  le a v e  room  for  

debate on c u t ic le  d evelop m en t of apple fr u it s .

T he e p id e r m is  of M cIntosh  and T w en ty  Ounce a s  stu d ied  by T ukey  

and Y oung (59) w a s d e sc r ib e d  a s  a u n ise r ia te  la y e r  o f p a lis a d e - l ik e  c e l l s



w h ich  co u ld  be id e n tif ie d  ev en  one m onth b e fo re  fu ll b loom . T hey o b se r v e d  

the c e l l s  to  be e lo n g a ted  r a d ia lly  un til fu ll b loom  w hen the c e l l s  began  a 

ta n g en tia l e lo n g a tio n  w hich  contin ued  until m a tu r ity . T hey found that d iv i­

s io n  o f  ep id e r m a l c e l l s  contin ued  un til ev en  85 d ays a fte r  fu ll b loom .

A c co r d in g  to B ell (2) c e l l  d iv is io n  c e a s e s  in  the v a r ie ty  M cIntosh  

in  N ova S co tia  d u rin g  the m id d le  of June w hen fu ll b loom  w as June 2. T e t le y  

(58) r ep o rted  d iv is io n  in B ram ley  S eed lin g  on June 12 in m a te r ia l c o lle c te d  

n ea r  C am b rid ge, E ngland. The fin d in gs of B ell (2) and T e t le y  (58) w ere  

b a sed  on o b se rv a tio n  o f m ito tic  d iv is io n s , w h erea s  T ukey and Y oung (59) 

m ad e cou n ts of n u m b ers o f ep id erm a l c e l l s  at v a r io u s  s ta g e s  o f d e v e lo p ­

m en t.

R ep o rts  r e la t in g  to the c e l l  s tru c tu re  o f the e p id e r m is  g iv e  the  

in d ica tio n  that in c e r ta in  v a r ie t ie s ,  the e p id e r m is  m ay  rem a in  in tact until 

m a tu r ity , w h ile  o th er  v a r ie t ie s  m a y  h ave the e p id e r m is  in terru p ted  by the 

c u t ic le . In the la tte r  c a s e , in d iv id u a l c e l l s  or  grou p s o f c e l l s  of the e p i­

d e r m is  m ay  be c o m p le te ly  su rrou n d ed  by c u t ic le . T h ere  m ay  a ls o  be 

in ter c ed in g  v a r ia tio n s  b etw een  th e se  two e x tr e m e s .

M ey er  (32), stu d y in g  the G olden D e lic io u s , o b se r v e d  that one  

m onth  a fte r  fu ll b loom  the e p id e r m is  b eca m e  ir r e g u la r ly  in terru p ted  by 

c u t ic le  w hich  w a s d is t in c t ly  d ifferen t from  the reg u la r  e p id e r m is  o f the



W inesap  v a r ie ty  a t th is  s ta g e . V e rn er  (60) sta ted , "In a l l  v a r ie t ie s  e x a m ­

ined , the c e l l s  o f the e p id e r m is  had p u lled  a p art into s m a ll  grou p s and  

th e e p id e r m is  had r em a in e d  in ta ct on ly  by v ir tu e  o f in c r e a s e  in  the c u tic le ,  

w h ich  had b een  p r o je c te d  in to  the in t e r s t ic e s  fo rm ed  b etw een  the ra d ia l 

w a lls  o f th e c e l l s  that had b een  sep a ra ted . In m any c a s e s ,  c e l l s  o f the  

e p id e r m is  w e re  c o m p le te ly  im b ed d ed  in  cu tin  and o b v io u sly  w e r e  in cap ab le  

o f fu rth er  grow th . T h e d ev e lo p m en t of th is  con d ition  o f the e p id e r m is  

p rob ab ly  i s  a ttr ib u ted  to  p r e m a tu re  c e s s a t io n  o f d iv is io n  and grow th  in  the 

c e i l s  o f th is  la y e r , w ith  a su b seq u en t sep a ra tio n  o f th e se  c e l l s  a s  the  

fr u it  e n la r g e s" . T h e se  o b se r v a tio n s  w ere  m ade on m atu re  fr u it . H ed r ick  

(24) and T e t le y  (57, 58) noted  s im ila r  co n d itio n s .

W ork by S im on s (55) r e v e a le d  that the e p id e r m is  o f G olden D e l i ­

c io u s  on S ep tem b er  10 in  I llin o is  w a s v e r y  ir r e g u la r  and that the c u t ic le  

ex ten d ed  d eep ly  into the ep id erm a l and h yp od erm al la y e r s .  On the Jonathan  

v a r ie ty  a t the sa m e  date and in  the sa m e  lo ca tio n , he o b se r v e d  a  contin uous  

la y e r  o f  u n in terru p ted  c e l l s  in the e p id e r m is , and the su b -ep id e rm a l c o r t ic a l  

c e l l s  w e r e  m u ch  m o re  o r d e r ly  a rra n g ed  than in  the G olden D e lic io u s . He 

rep o r ted  the a v e r a g e  c u t ic le  th ic k n e ss  at th is  date a s  10. 0 m ic r o n s  fo r  

Jonathan and 24 . 3 m ic r o n s  for  G olden D e lic io u s .

T he fou rth  and fin a l r e g io n  in  the p r o te c tiv e  la y e r s  c o n s id e r e d



by B ell (2) i s  the " h yp od erm is" . T ukey and Y oung (59) d e s c r ib e  the hypo- 

d e r m a l la y e r  a s  fo llo w s: "The h y p od erm al la y e r  i s  p a r t o f the c o r te x  im ­

m e d ia te ly  b en eath  the o u ter  e p id e r m is , c h a r a c te r iz e d  in  the m atu re  fru it  

by th ic k -w a lle d  c o lle n c h y m a  in  w hich  the p r o to p la st ic  co n ten ts  have b e ­

co m e  gra n u la r  in  n ature and a re  l e s s  d e n se ly  p ig m en ted . T o g eth er  w ith  

the e p id e r m is  it fo r m s  the sk in  o f  the fru it" . T he a u th ors (59) o b se rv e d  

c e l l  w a lls  o f the o u ter  c o r t ic a l  c e l l s  one o r  two c e l l - la y e r s  below  the  

e p id e r m is  a s  b eco m in g  th ick en ed  by fu ll bloom  w ith  th is  th ick en in g  in ­

c r e a s in g  a s  the fru it d e v e lo p s . F u rth erm o re , th ey  s ta te  that th e se  c e l l s  

a r e  s m a ll and e a s i ly  d efin ed  but the n u m b ers o f c e l l - la y e r s  in  th ick n e ss  

i s  not e a s i ly  d eterm in ed . B ell (2) a lso  had d ifficu lty  in d e term in in g  the 

n u m b ers o f  c e l l  la y e r s  in the h y p od erm is due to the noted  ir r e g u la r ity .

V a r io u s  h is to lo g ic a l d e sc r ip t io n s  of r u s se te d  t is s u e  and its  

d ev e lo p m en t have b een  ad van ced . Z sch ok k e (64) w as the f ir s t  to  ex a m in e  

m ic r o s c o p ic a lly , c o rk  fo rm a tio n  on app le fr u its . A lthough h is  w ork  w as  

p r im a r ily  co n c er n e d  w ith  le n t ic e l  form ation , he did o b se r v e  that the fo r ­

m a tio n  of c o rk  on the n o rm a lly  r u s se te d  v a r ie t ie s  o f a p p les  s ta r te d  about 

s ix  to e ig h t w eek s a fte r  flo w er in g . He co m m en ted  on the p r e se n c e  of 

e p id e r m a l h a ir s  and in  so m e  in s ta n c e s  co rk  form a tio n  w as o b se rv e d  at 

the b a s e s  o f the h a ir s . T h is  he c la s s i f ie d  a s  a  type of le n t ic e l  form a tio n
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but th e se  le n t ic e ls  w e re  not lik e  ty p ica l le n t ic e ls .  N e v e r th e le s s , he 

c o n s id e r e d  that th ey  w e re  fu n ctio n a lly  co m p a ra b le . T y p ica l le n t ic e ls ,  

a s  o b se r v e d  by Z sch o k k e  (64), w e r e  c o n s id e r e d  to o r ig in a te  from  n u m er­

o u s sto m a ta  on the su r fa c e  o f a young ap p le fru it and w hich  b eca m e se a le d  

by the su b seq u en t fo rm a tio n  o f c o rk  below  the s to m a ta l o r if ic e .

H ed rick  (24) ex a m in ed  r u s se te d  t is s u e  c a u sed  by bordeaux in ­

ju ry . He o b se r v e d  that e a r ly  r u s se t in g  u su a lly  s ta r ted  at the b a sa l c e l l s  

o f the tr ic h o m e s  (e p id er m a l h a ir s )  w hich  c o v er  the young fru it or  at the 

s to m a ta  w hich  a re  in te r s p e r s e d  b etw een  the h a ir s . He p o stu la ted  that 

the tr ic h o m e s , through so m e  p e c u lia r ity  of s tru c tu re , p e r m it the en tra n ce  

o f the to x ic  su b sta n ce  of the bordeaux m ix tu re  to a g r e a te r  ex ten t than do 

o th er  c e l l s  w h ile  the sto m a ta  g iv e  an a lm o st  u n ob stru cted  en tra n ce .

H ed rick  (24), lik e  Z sch o k k e  (64), o b se r v e d  the injury on the fru it a p p ro x ­

im a te ly  s ix  w eek s  a fte r  p eta l fa ll . H ed rick  (24) a ls o  found the c u tic le  

p r o p e r  and m any o f the c e l l s  of the ep id erm a l la y e r  d e s tr o y ed  and it ap p eared  

to him  that the to x ic  su b sta n ce  e n te r ed  the c e l l s  th e m se lv e s  and e ffe c ted  

on ly  th o se  in w hich  the to x ic  com pound en tered . He con clu d ed  that co rk  

fo rm a tio n  o r  r u s s e t in g  w a s a h e a lin g  p r o c e s s  below th e se  in ju red  c e l l s  

s im ila r  to r u s s e t in g  w hich  o c c u r s  w hen a fru it is  rubbed a g a in st a branch.

T h e d iffu sed  type of r u s se t in g  found on the G r im e s  app le by 

Baker (1) w as a ttr ib u ted  to p o s s ib le  sp ra y  in jury, high a tm o sp h er ic  hum idity ,
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c o o l w ea th er  at b lo s so m in g  tim e , fr o s t  in jury, su lfu r -d io x id e  in the a ir  

o r  a co m b in a tio n  o f th e s e  fa c to r s . He d e sc r ib e d  r u s s e t  fo rm a tio n  as  

d ev e lo p in g  w hen the e p id e r m is  or the c u t ic le  i s  in ju red  w ith  the m atu re  

c e l l s  im m e d ia te ly  below  the e p id e r m is  (h yp od erm al c e l l s )  r e v e r t in g  to  

m e r is te m a t ic  a c tiv ity . T h is  is  fo llo w ed  by the form a tio n  o f a p h ello g en  

o r  co rk  cam biu m  w hich  su b seq u en tly  g iv e s  r is e  to the r u s se te d  or  co rk y  

a r ea .

H is to lo g ic a l s tu d ie s  o f co rk  form ation  w ere  m ade a lso  by 

T e tle y  (57) in E ngland. She, too, o b se r v e d  co rk  form ation  beginn ing at 

the b a se  of the tr ic h o m e s  in  the su b -ep id e rm a l c e l l s .  She fe lt  that the  

h a ir  b a s e s  e v id en tly  r e p r e se n te d  w eak  p la c e s  on the su r fa c e  of the apple  

fo r  any c r a c k  in the sk in  n ea r ly  a lw a y s  began in th is  reg io n . H ow ever, 

sh e  noted  under c e r ta in  w eath er  co n d itio n s c r a c k s  o c cu rr e d  w ith  no 

s p e c ia l r e fe r e n c e  to le n t ic e ls  or b a s e s  o f h a ir s . T h e se  con d ition s, she  

rep o rted , w ere  a s s o c ia te d  w ith  a lon g  dry, co ld  p er io d  when the fru it w as  

s e t t in g  w hich  w as fo llo w ed  by a w arm , ra in y  p er io d  w hen the apple w as  

rea d y  to sw e ll. T h is  co ld  p er io d , a c co r d in g  to T e t le y  (57), p rod u ced  a 

c o m p a r a tiv e ly  th ick  and u n e la s t ic  type of cu tic le  w ith the r e s u lt  that the 

e p id e r m is  w as unable to r e s i s t  the rap id  sw e llin g  of the c e l l s  w ith in  

d u rin g  the w arm  ra in y  p er io d . T hus, su b seq u en t cra ck in g  r e su lte d .

S tu d ies rep o rted  by B ell (3) on the o r ig in  of r u s se t in g  of



the G old en  R u sse t  ap p le , in d ica ted  that p e r ic l in a l  d iv is io n s  o ccu r  in the 

e p id e r m is  o f th is  v a r ie ty  n ea r  fu ll b loom  and su b seq u en tly , an ep id erm a l 

la y e r  o f 2 to 4 c e l l s  in  th ic k n e ss  r e s u lt s .  E a r ly  in  July, the in n erm o st  

la y e r  o f th e se  c e l l s  co n tin u es  m e r is te m a t ic  a c t iv ity  fo r m in g  a v e r y  a c tiv e  

cam biu m  w hich  in  turn fo r m s  c o rk  c en tr ifu g a lly , g iv in g  the ty p ica l r u s se te d  

sk in  o f th is  v a r ie ty .

B ell la te r  (4) stu d ied  r u s se t in g  o f the M cIntosh  R ed v a r ie ty  r e su lt in g  

from  bord eau x sp ra y  a p p lied  at about the tim e  o f fu ll b loom . He con clu ded  

that the f ir s t  app arent in ju ry  o c cu rr e d  from  10 to 15 days a fter  the sp ra y  

a p p lica tio n , w hich  w a s id en tified  a s  a brow ning of the ep id erm a l c e l l s  at the  

b a se  o f the tr ic h o m e s . B ecau se  continued  grow th  o f th e se  c e l l s  w as inh ib ited , 

c r a c k in g  r e s u lte d  from  su b seq uen t fru it en la rg em en t w hich  in turn e x p o sed  

ad jacen t h yp od erm al and c o r t ic a l t is s u e .  T h is  in itia ted  an im m ed ia te  s e r ie s  

of p e r ic l in a l  d iv is io n s  in  the h yp od erm al c e l l s  beneath  the tr ich o m e  e le v a t in g  

the in ju red  t is s u e  above the r em a in d er  of the e p id e r m is .

A s the fru it contin ued  to e n la r g e , he r e la te d  (4), the c r a c k s  m u lt i­

p lied , ex ten d ed  ta n g en tia lly  and d eep en ed , r e su lt in g  in fu rth er  brow ning  

o f c e l l s  and a d eep er  fo rm a tio n  o f m e r is te m a t ic  a c t iv ity  in the c o r tex . 

E v en tu a lly , a co rk  cam bium  b eca m e ev id en t. He p o stu la ted  that the fin a l 

s c u r f - l ik e  p a tch es  o f s c a r  t is s u e  w e re  a m ix tu re  o f dead  e p id e r m is , h yp o­

d e r m is , c o r tex , cork , and co rk  ca m b iu m s and th er e fo re  w e r e  not true co rk  

but "rhytidom e".



M a cD a n ie ls  and H ein ick e  (29) in d ica ted  that the c o rk  c o m e s  from  

a tru e  c o rk  cam b iu m  w h ich  o r ig in a te s  su b -e p id e r m a lly  a fter  le th a l f r e e z ­

in g  o f the e p id erm a l c e l l s .

S tu d ies on m atu re  r u s s e te d  fru it by V ern er  (60) lea d  one to  

b e lie v e  that r u s s e t in g  o c c u r s  fo llo w in g  in jury to the c u t ic le . He stated ,

"A la y e r  o f c o rk  cam biu m  a s s u m e s  the p o s it io n  n o rm a lly  o ccu p ied  by the 

e p id e r m is , cu ttin g  o ff to the o u ts id e  s e v e r a l  o r  m any tan gen tia l la y e r s  

o f co rk  c e l l s  w h ich  co n stitu te  the s c u r f - l ik e  r u s se t . No p h ello d erm  cou ld  

be o b se r v e d  in s id e  the co rk  cam bium  and the h y p o d erm is  ap p eared  n orm al 

b elow  th is  m e r is te m a t ic  r e g io n ” .

V ery  r e c e n tly , S im on s (55) condu cted  s tu d ie s  of r u s se te d  

t is s u e  of G olden  D e lic io u s  ca u sed  by s e v e r e  fr e e z in g  te m p e r a tu r e s . H is  

e a r l i e s t  o b se r v a t io n s  w e r e  m ad e on se c t io n s  cut a p p ro x im a te ly  5 w eek s  

a fte r  fu ll b loom . He n o ticed  so m e  d isru p tion  o f e p id e r m a l c e l l s  and so m e  

p e r ic l in a l  d iv is io n s  below  the in ju red  a r e a . One m onth a fter  th is  date, 

m e r is te m a t ic  a c t iv ity  had taken p la c e  b etw een  the n orm al and in jured  

t i s s u e s  p ro d u cin g  a ’’p er id erm "  s e v e r a l  c e l l - la y e r s  th ick . "P eriderm "  

contin ued  to be fo rm ed  throughout grow th  and m a tu r ity  o f the fru it.

S im o n s (55) sta ted  that the c u tic le  v a r ie d  in th ick n e ss  from  8. 5 to 25. 6 

m ic r o n s  in July, r e a c h e d  a v a r ia b le  th ic k n e ss  o f 12. 1 to 29 . 7 m ic r o n s
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by S ep tem b er, a fte r  'which t im e  it d e c r e a s e d  to a th ick n e ss  v a ry in g  from  

8. 3 to 25. 9 m ic r o n s  at m a tu r ity .

A s n oted  by the rev iew  of lite r a tu r e , a nu m ber o f s tu d ie s  have  

b een  m ad e on r u s s e t in g  of fru it and fo rm a tio n  o f c u tic le  and co rk y  t is s u e .  

No s tu d ie s  w e r e  found that c le a r ly  show ed the in tera c tio n  of co ld  in jury  

and the u se  of c e r ta in  p e s t ic id e s  on fru it r u s se t in g  a s  su g g e ste d  by M itch e ll  

(33). A lso , no p u b lish ed  in form ation  w as a v a ila b le  ex p la in in g  how r u s s e t ­

in g  o c c u r s  fo llo w in g  the u se  o f c e r ta in  fu n g ic id es  a fter  a drop in a ir  t e m ­

p e r a tu r e  to 32° F or  lo w er  c lo s e  to the tim e  of b loom . T h ere  a re  q u e s ­

tio n s  a s  to w h ere  and how rap id ly  the c u tic le  d ev e lo p s  on the fru it o f the  

app le and the v a r ie ta l d if fe r e n c e s  that m ay be p r e se n t  w ith  r e s p e c t  to  

th is  p r o te c t iv e  co a tin g . T h e re fo r e , a study w as in itia ted  to develop  a 

b e tter  u n d erstan d in g  of so m e  of th e se  p o in ts  in q u estion .



M A TER IA LS AND METHODS

E x p er im en t 1. C o n tro lled  tem p er a tu r e  s tu d ies  to d e term in e  the r e la t io n ­

sh ip  o f f r e e z in g  a ir  te m p e r a tu r e s  and fu n g ic id es  on fru it r u s se t in g .

In A p r il o f 1956, w ooden fr a m e s  o f two by four inch  lu m b er  w e re  

c o n s tr u c te d  around b ea r in g , fo u r -y e a r -o ld  app le  t r e e s  g ro w in g  on M ailin g  

VII r o o ts to c k s  lo c a te d  at the M ich igan  State U n iv e r s ity  H o rticu ltu ra l farm , 

E a st  L a n sin g , M ich igan  (F ig u re  1). The top s of the c a g e s  w e re  co v er e d  

w ith  0. 002 inch  p o ly e th y le n e ^  fix ed  p erm a n en tly  in  p la c e  w ith  w o o d -la th  

s t r ip s .  T he s id e s  w e r e  fit ted  w ith  rem o v a b le  p a n e ls  c o v er e d  w ith  the sa m e  

typ e o f p o ly e th y le n e . Two t r e e s  ea ch  of the v a r ie t ie s  Jonathan and G olden  

D e lic io u s  w e r e  e n c lo se d  and a rem a in in g  tr e e  o f ea ch  v a r ie ty  w as ex p o sed  

to u n a ltered  en v iro n m en ta l co n d ition s to s e r v e  a s  a co n tro l. A ll t r e e s  w ere  

in  good  b ea r in g  v ig o r  g ro w in g  in a tr a sh y  cu ltiv a tio n  type of s o il  m a n a g e­

m en t.

One ca g e  e n c lo s in g  ea ch  v a r ie ty  w as equipped w ith  a th e r m o s ta t­

ic a l ly  c o n tr o lle d  r e fr ig e r a t io n  unit. E ach  unit w a s c o m p o sed  o f an e ig h t-  

ou n ce T e c u m se h  type F - l  c o m p r e ss o r , o p era ted  w ith a th r e e -fo u r th s  h o r s e ­

p o w er  m o to r , a prod u ct of the T ecu m  seh  M anufacturing Com pany, T ecu m  seh ,

1 /
— 0. 002 inch  p o ly e th y len e  ob ta ined  through the c o u r te sy  of the B akelite  

D iv is io n  o f Union C arbide C orp oration .



F ig u r e  1. P o ly eth y len e  c a g e s  w ith  rem o v a b le  p a n e ls  e n c lo s in g  apple t r e e s  
grow in g  on d w arfin g  r o o ts to c k s .
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M ich igan . The c o il  u n its  w e r e  M odel WJ45 o f the Bush M anufacturing C om ­

pany of H artford , C on n ecticu t and con ta in ed  a la r g e  fan fo r  a ir  c ir c u la tio n . 

T he th e r m o s ta te s  w e r e  type T 491A 1X 3 "A ir Sw itch", m an u factu red  by 

M in n ea p o lis -H o n ey w ell R egu la tor  Com pany, M in n eap o lis, M in n eso ta . S m all 

e le c tr ic a l ,  fan equipped , G en era l E le c tr ic  sp a ce  h e a te r s  w e re  a v a ila b le  

fo r  ea ch  ca g e  w hen h ea t w a s  n e c e s s a r y . T he r e fr ig e r a t io n  un its w ere  d e ­

s ig n ed  to lo w er  the night tem p era tu re  in the c a g e s  to a d e s ir e d  tem p era tu re  

below  32® F when n e c e s s a r y  and the h e a te r s  w e re  u sed  to p rev en t the te m ­

p e r a tu r e  w ith in  the c a g e s  from  dropping lo w er  than w as d e s ir e d . The r e ­

m o v a b le  s id e  p a n e ls  w e r e  p la c e d  on th e c a g e s  on ly  du rin g  th o se  n igh ts when  

te m p era tu re  tr e a tm e n ts  w e r e  b e in g  m ade, or  when the a ir  tem p era tu re  w as  

p r e d ic te d  to drop to 32® F or  lo w er . In the la tte r  c a se , one tr e e  o f each  

v a r ie ty  w a s e n c lo se d  and h ea ted  w h ile  the o th er  tr e e  rem a in ed  e x p o sed  to 

the fr e e z in g  te m p e r a tu r e s . T he t r e e s  w ere  ex p o sed  at o th er  t im e s  d u r­

in g  the g ro w in g  s e a so n .

T he t r e e s  w e re  pru n ed  to d iv id e the b ea r in g  su r fa c e s  into two  

d is tin c t h a lv e s  so  that two fu n g ic id e  tr e a tm e n ts  cou ld  be ev a lu a ted  in the  

sa m e  en v iron m en t.

B ecau se  o f u n favorab le  p o llin a tio n  w eath er  du rin g the bloom  

p e r io d  of Jonathan, on ly  G olden  D e lic io u s , w hich  b lo s so m e d  la te r  during  

m o r e  fa v o ra b le  co n d itio n s, w a s u sed  in  the s tu d ies  in 1956.
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T he tr e a tm e n ts  e x p r e s s e d  a s  am ou nts p er  100 g a llo n s  o f sp ray  

m ix tu re  w e re  a s  fo llo w s:

T h r ee  a p p lica tio n s  of P hix at fou r o u n ces  p lu s  w etta b le  su lfu r  at 

th ree  pounds w e re  m ad e u n ifo rm ly  on a ll  t r e e s  through d e layed  dorm ant. 

Beginning w ith  e a r ly  p r e -p in k , e igh t a p p lica tio n s  o f the co m p a r iso n  t r e a t ­

m en ts  o f captan  at two pounds and g lyod in  at one flu id  quart w e re  m ade on 

o n e -h a lf  o f ea ch  o f  the th ree  G olden D e lic io u s  tr e e s .  T he captan se r v e d  

a s  the co n tro l trea tm en t. Beginning at p e ta l fa ll, two pounds of m eth o x y ch lo r  

w a s u sed  u n ifo rm ly  in  the la s t  four fu n g ic id e  a p p lica tio n s . F iv e  ad d ition al 

sp r a y s  of two pounds o f m eth o x y ch lo r  w e re  n e c e s s a r y  in July and A ugust for  

in s e c t  co n tro l. A sep a ra te  s in g le  a p p lica tio n  o f 25 p e r ce n t w ettab le  m a la -  

th ion at two pounds p lu s four flu id  o u n ces  of T riton  B -1956 a s  a w ettin g  

agen t w as m ade on June 19 b etw een  the seco n d  and th ird  c o v e r  sp r a y s  to  

co n tro l g r ee n  apple aph ids (A p h is p om i, D eG eer).

T he th ree  a p p lica tio n s  p r io r  to e a r ly  p r e -p in k  w ere  m ade w ith  

a John Bean No. 40 Speed  S p rayer  (the John Bean D iv is io n  of F ood  M ach in ery  

and C h em ica l C orporation , L an sin g , M ich igan). A ll su b seq uen t a p p lica tio n s  

w e re  m ad e w ith  a M y er s  S ilv e r  P r in ce  m o to r -p o w er e d  w h eelb arrow  sp r a y er  

(F . E. M y ers  B roth ers Com pany, A shland , Ohio) o p era tin g  at 150 pounds 

p r e s s u r e  equipped  w ith  an ad ju stab le  n o z z le  hand gun. A ca n v a s cu rta in  

w a s  u sed  to sep a ra te  the h a lv e s  o f e a ch  tr e e  w h ile  ap p ly in g  the fu n g ic id e
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tr e a tm e n ts  to a v o id  con ta m in a tio n  from  d r ift.

M axim um  and m in im u m  te m p e r a tu r e s  w e r e  r e c o r d e d  in s id e  the  

c a g e s  w ith  T a y lo r  th e r m o m e te r s  (T a y lo r  In stru m ent C om pany, R o c h e ste r , 

New Y ork) p la c e d  in  the c en tr a l p o r tio n  o f the tr e e . C ontinuous r ec o r d in g  

of te m p era tu re  and h u m id ity  w as obtained  w ith  a F r ie z  m o d el 594 H ygro-  

th erm o g ra p h  (F r ie z  In stru m en t D iv is io n , Bendix A v ia tion  C orporation , 

B altim ore , M aryland), w hich  w as p la c e d  in  ea ch  cage  n ear  the edge of the 

tr e e  a p p ro x im a te ly  f iv e  fe e t  from  the ground.

At h a r v e s t  tim e , a l l  the fr u its  from  e a ch  trea tm en t w ere  p ick ed  

and the f in ish  of the fru it w as ev a lu a ted  and ra ted  a s  fr e e  o f r u sse tin g , 

lig h tly  r u s se te d , o r  h e a v ily  r u s se te d . F ifty  to s e v e n ty -f iv e  fr u its  w ere  

ev a lu a ted  from  e a ch  h a lf - tr e e  trea tm en t.

L ight r u s s e t in g  r e f e r s  to the am ount o f r u s se t in g  a llo w a b le  in  

the grad e o f U. S. N o. 1, or  h igh er , and a s  d e sc r ib e d  by the M ich igan  A pple  

M ark etin g  Law A ct 132, P. A. 1937: A ny am ount i s  p e r m itted  in  the stem  

ca v ity  or  c a ly x  b a sin  w hich  cannot be s e e n  w hen the app le  i s  p la ced  on a 

fla t su r fa ce  e x ce p t w hen e x c e s s iv e ly  rough o r  b ark lik e  or  w hen the a p p ea r ­

an ce  i s  m a te r ia lly  a ffec te d . A m ounts p e r m itted  ou tsid e  c a v it ie s :

1. Sm ooth, n etlik e; to ta l a r ea  o f 25 p e r ce n t of su r fa c e , if  

p a ttern  and c o lo r  show no m ark ed  co n tr a st  w ith  background  

c o lo r .
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2. Sm ooth, so lid ; to ta l a r e a  25 p e r ce n t of su r fa c e , if  p a ttern

and c o lo r  show  no m ark ed  c o n tr a s t  w ith  background.

3. S ligh tly  rough; to ta l a r ea  o n e -h a lf  inch in d ia m eter .

4. Rough; o n e -q u a r te r  inch  in d ia m eter .

H eavy  r u s s e t in g  d isq u a lif ie s  the fru it for  the grad e of U. S. No. 1 

o r  h ig h er . F r e e  of r u s s e t in g  b e in g  s e lf -e x p la n a to r y , F ig u re  2 g iv e s  an 

ex a m p le  o f ligh t and heavy r u sse tin g .

T o fu rth er  ev a lu a te  the e f fe c t s  of g lyod in  and captan on r u s se t in g  

of G olden  D e lic io u s  under f ie ld  con d itio n s, a th ir ty -y e a r -o ld  tr e e  lo ca ted  

a p p ro x im a te ly  500 fe e t  from  the ca g e  t r e e s ,  w as d iv id ed  into two equal h a lv e s  

fo r  the two sp ra y  tre a tm e n ts .

T he sp ra y  c h e m ic a ls , the am ou nts u sed  and the d a tes  of a p p lic a ­

tio n  w ere  the sa m e  a s  fo r  the ca g e  t r e e s .  H ow ever, an add ition al sep a ra te  

ap p lica tio n  of EPN at one pound p e r  100 g a llo n s  of sp ra y  m ix tu re  w as n e c e s ­

s a r y  in  A ugust to co n tro l tw o -sp o tted  sp id er  m ite  (T etran ych u s b im acu la tu s, 

H arvey) and E u rop ean  red  m ite  (P ara te tra n y ch u s p ilo su s , C a n estr in i and  

F an zago).

T he a p p lica tio n s  w ere  m ade u sin g  an ad ju stab le  n o z z le  gun a ttach ed  

to a John Bean No. 26 Sp eed  S p rayer  equipped w ith a 1 5 -g a llo n  p e r  m inute  

pum p o p era tin g  at 400 pounds p r e s s u r e . T hey w ere  m ade on days when the 

wind w as r e la t iv e ly  ca lm  and the tr e e  w as sp ra y ed  to p rev en t d rift from  one  

trea tm en t to the o th er .
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F ig u r e  2. A pple fr u its  r ep r e se n tin g  ligh t and h eavy  r u sse t in g . The apple on  
the le ft  sh ow s the m axim um  a llo w a b le  am ount o f r u s se t in g  that can  
be te r m ed  " light r u sse tin g " . T he ap p le  on the r igh t i l lu s tr a te s  a 
h e a v ily  r u s s e te d  ap p le .



At h a r v e s t  t im e , fru it from  the c e n tr a l p o r tio n  o f e a c h  o n e -h a lf  

of the tr e e  sp ra y ed  w ith  the sep a ra te  fu n g ic id e s  w e re  p ick ed  and ev a lu a ted  

for  r u s s e t in g  a s  p r e v io u s ly  d e sc r ib e d . A p p ro x im a te ly  700 a p p les  w e re  

ex a m in ed  from  e a ch  trea tm en t.

E x p e r im en t 2 . F ie ld  s tu d ie s  to ev a lu a te  the e f fe c t s  o f fu n g ic id es  and f r e e z ­

in g  a ir  te m p e r a tu r e s  on fru it r u s se t in g  o f a p p les .

A m ix e d  b lock  of s ix te e n -y e a r -o ld  apple t r e e s  at the M ich igan  

S tate  U n iv e r s ity  G raham  E x p erim en t Station , G rand R apid s, w a s s e le c te d  

fo r  f ie ld  s tu d ie s  in  1956. T he b lock  in clu d ed  G olden D e lic io u s , Jonathan  

and M cIntosh , and w a s d iv id ed  to p ro v id e  f iv e  s in g le  tr e e  r e p lic a te s  o f ea ch  

v a r ie ty  fo r  four p e s t ic id e  tr e a tm e n ts . T he fu n g ic id es  u se d  a s  the t r e a t ­

m en ts  w e re  (1) th ira m , (2) g lyod in , (3) captan, and (4) captan fo llo w ed  by 

g ly o d in  a fter  f ir s t  c o v e r . T he sp ra y  p rogram  e x p r e s s e d  a s  am ou nts p er  

100 g a llo n s  o f sp ra y  m ix tu re  w a s  a s  fo llo w s:

Tw o a p p lica tio n s  o f liq u id  l im e -s u lfu r  at e ig h t q u arts w e re  m ad e  

u n ifo rm ly  on a l l  t r e e s  p r io r  to p r e -p in k . Tw o su c ce e d in g  tr e a tm e n ts  b e fo re  

fu ll b loom  c o n s is te d  o f captan  at two pounds, th iram  at two pounds, and 

g lyod in  a t one quart. A fter  b loom , se v e n  sp r a y s  o f captan at one pound, 

th iram  at one pound, and g lyod in  at one p in t w e re  m ade on the trea tm en t  

p lo ts . Phygon at fou r o u n ces  w a s in c lu d ed  w ith  ea ch  o f  the trea tm en t fu n g i-
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c id e s  in  the p e ta l fa ll, f ir s t ,  and th ird  c o v er  sp r a y s . One pound of p a ra -  

th ion w as u sed  in the seco n d  and th ird  c o v e r  sp r a y s  w ith  the th ird  c o v e r  

r e c e iv in g  in add ition , one pound of D D T. On June 28, a l l  tr e a tm e n ts  r e ­

c e iv e d  an e x tr a  sp ra y  of a r a m ite  at one pound, O votran at o n e -h a lf  pound, 

and DDT at one and o n e -h a lf  pounds w ith no fu n g ic id es  b ein g  u sed . The 

la s t  th r e e  c o v er  sp r a y s  in clu d ed  w ith  the fu n g ic id e  tr e a tm e n ts , lead  a r s e n ­

ate  at two pounds w ith  the la s t  c o v er  r e c e iv in g  in addition , DDT at one and 

o n e -h a lf  pounds. W hen lea d  a r se n a te  w as in clu d ed  w ith  glyodin , fe r ro u s  

su lfa te  at o n e -h a lf  pound w as added to p reven t p o s s ib le  a r se n ic a l injury.

A nother b lock  o f s e v e n -y e a r -o ld  app le  t r e e s  w a s d iv ided  into th ree  

p lo ts . E ach  o f th e se  p lo ts  w as d iv id ed  into su b -p lo ts  so  a s  to con ta in  fiv e  

t r e e s  of ea ch  of the two v a r ie t ie s ,  M cIntosh  and Jonathan. One su b -p lo t of 

ea ch  p lo t w as tr e a ted  w ith  captan and the rem a in in g  su b -p lo ts  of the p lo ts  

in c lu d ed  glyodin, th iram  and ferb am  a s  the sp ra y  tr e a tm e n ts . T he am ou nts  

and t im e s  o f a p p lica tio n  o f sp ra y  m a te r ia ls  u sed  in th e se  p lo ts  w ere  the 

sa m e  a s  in the b lock  of s ix te e n -y e a r -o ld  tr e e s , ex cep t for  the added ferbam  

trea tm en t. F erb am  w as u sed  at one and o n e -h a lf  pounds p e r  100 g a llo n s  

p r io r  to bloom , and w a s d e c r e a se d  to th r e e -fo u r th s  o f a pound b eginn ing  

w ith p e ta l fa ll .

The sp ra y  m a te r ia ls  of a ll  tr e a tm e n ts  at the G raham  E x p erim en t  

Station  w ere  ap p lied  w ith a R obin son  a ir -b la s t  a ttach m en t on a H ardie sp r a y er



equ ip ped  w ith  a  th ir ty  g a llo n s  p e r  m in ute  pum p o p era tin g  at 600 pounds p r e s ­

su r e .

A ir  te m p e r a tu r e s  w e r e  obta in ed  from  th erm o g ra p h  r e c o r d s  o f the  

s ta tio n  lo c a te d  n ea r  the te s t  o r c h a r d s . T he e lev a tio n  o f the sp ra y  p lo ts  and  

r e c o r d in g  in stru m en t d id  not v a r y  g r e a t ly .

At h a r v e s t  t im e  a b u sh el of fru it w as p ick ed  ran d om ly  from  ea ch  

s in g le  tr e e  r e p lic a te  in  e a ch  trea tm en t. T h is  fru it w as ex a m in ed  and r u s s e t ­

in g  r e c o r d s  w e r e  taken , a s  d e sc r ib e d  in  E x p erim en t 1.

E x p er im en t 3. C o n tro lled  tem p era tu re  s tu d ie s  in 1957 to fu rth er  ev a lu a te  

the in flu en ce  o f fu n g ic id es  and fr e e z in g  a ir  te m p er a tu r e s  on fru it r u sse t in g .

T h e sa m e  t r e e s  and c a g e s  a s  d e sc r ib e d  in E x p erim en t 1 w e re  

u se d  in  th e s e  s tu d ie s  ex cep t, due to u n favorab le  w ea th er in g  o f the p o ly e th y len e , 

the to p s o f the c a g e s  had to be r ep la ce d . A c le a r  p la s t ic  film  . 010 in ch  th ick  

of "P olyflex  II" p ro d u ced  by P lax C orporation , H artford , C on n ecticu t w a s u sed  

to r e c o v e r  the to p s. T he rem o v a b le  s id e  p a n e ls  rem a in ed  c o v e r e d  w ith  the  

. 002 inch  p o ly e th y len e . T he r e fr ig e r a t io n  and h eatin g  u n its  w e r e  the sa m e  

a s  p r e v io u s ly  d e sc r ib e d .

T h e t r e e s  w e r e  pruned  to d iv id e  the b ea r in g  su r fa c e s  into two 

d is t in c t  h a lv e s  so  that tw o fu n g ic id e  tr e a tm e n ts  cou ld  be ev a lu a ted  in  the  

sa m e  en v iro n m en t.
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T he Jonathan and G old en  D e lic io u s  had su ffic ie n t fru it on the t r e e s  

to be u sed  fo r  fu n g ic id e  tr e a tm e n ts . T he am ou n ts o f fu n g ic id e s  u sed  in the 

tr e a tm e n ts  on G olden  D e lic io u s  e x p r e s s e d  a s  am ou n ts p e r  100 g a llo n s  of 

sp ra y  m ix tu re  w e re  a s  fo llo w s:

At the g r e e n - t ip  s ta g e , Phygon at o n e -h a lf  pound w as ap p lied  u n i­

fo r m ly  on a ll t r e e s .  W ettab le su lfu r  at th ree  pounds p lu s four o u n ces  of 

Phix w as u sed  at d e la y ed  dorm ant. S tartin g  w ith  the p ink sta g e  o f d e v e lo p ­

m ent, o n e -h a lf  of ea ch  o f the th ree  tr e e s  w as sp ra y ed  w ith  g lyod in  at one 

quart. T he rem a in in g  o n e -h a lf  of e a ch  tr e e  w as sp ra y ed  w ith  g lyod in  at 

one pint, p lu s  four o u n ces  of Phygon. T h e se  am ou nts w e re  contin ued  for  

e ig h t a p p lica tio n s  (through fourth c o v er ), a fter  w hich the tr e e s  w ere  sp ra y ed  

u n ifo rm ly  fo r  two m o re  c o v e r  sp r a y s  w ith  g lyod in  at one p in t. M eth oxych lor  

at tw o pounds w as in clu ded  u n ifo rm ly  in a ll  m ix tu r e s  s ta r tin g  w ith f ir s t  

c o v e r . Two ad d ition a l sp r a y s  of m alath ion  at two pounds p lu s  m eth o x y ch lo r  

at two pounds w e re  n e c e s s a r y  for  in s e c t  co n tro l a fter  the fu n g ic id e  a p p li­

c a tio n s  w ere  co m p le ted . A fourth  G olden  D e lic io u s  tr e e  o u tsid e  of the c a g e s  

w as sp ra y ed  w ith captan at the sa m e tim e  a s  th e se  th ree  t r e e s  ju st d is c u s se d .  

T h is  s e r v e d  a s  a co n tro l trea tm en t to be com p a red  w ith the r e s u lt s  of E x p e r ­

im en t 1 condu cted  in 1956.

The tr e a tm e n ts  on the th ree  Jonathan t r e e s  e x p r e s s e d  a s  am ou nts  

p e r  100 g a llo n s  of sp ra y  m ix tu re  w e re  a s  fo llo w s:
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At the g r e e n -t ip  s ta g e , Phygon at o n e -h a lf  pound w a s u sed  u n i­

fo r m ly  on a ll t r e e s .  W ettab le su lfu r  at th re e  pounds p lu s  four o u n ces  of  

P hix w a s u sed  on a ll t r e e s  at d e la y ed  dorm ant. S tartin g  w ith p re -p in k , h a lf  

o f ea ch  o f the th re e  t r e e s  w a s sp ra y ed  w ith  g lyod in  at one quart and the  

oth er  h a lf w ith  captan  at tw o pounds. T h e se  tr e a tm e n ts  w e re  continued  

for  e ig h t m o re  sp r a y s  o r  through fourth  c o v er . In the fifth  and six th  c o v e r  

sp r a y s , captan w as red u ced  to one pound and glyod in  to one p int. M eth oxy­

ch lo r  at two pounds w as added u n ifo rm ly  to a ll tr e a tm e n ts  s ta r tin g  w ith f ir s t  

c o v e r  fo r  in s e c t  co n tr o l. Tw o ad d ition a l sp ra y s  of m eth o x y ch lo r  at two 

pounds and m alath ion  at two pounds w ithout the fu n g ic id es  w e re  n e c e s s a r y  

du rin g July and A ugust for  in se c t  co n tro l.

T he two a p p lica tio n s  p r io r  to p r e -p in k  on both v a r ie t ie s  w e re  

m ad e w ith  a John Bean No. 26 Speed S p rayer . A ll su b seq uen t a p p lica tio n s  

w e re  m ade w ith  the m o to r -p o w er e d  w h eelb arrow  sp r a y er  d e sc r ib e d  in  

E x p erim en t 1. H ere  a ls o  a can v a s cu rta in  w as u sed  to sep a ra te  the h a lv e s  

of ea ch  tr e e  w h ile  ap p ly in g  the fu n g ic id e  tr e a tm e n ts  to avoid  con tam in ation  

from  drift.

T em p e ra tu r es  w e re  r e c o r d e d  w ith  the u se  o f a th erm ocou p le  

p la c e d  w ith in  a b lo sso m  c lu s te r  in the cen tra l p ortion  of ea ch  tr e e .

A co n tin u o u sly  o p era tin g  M in n ea p o lis-H o n ey w ell r e c o r d e r  w as  

co n n ec ted  to the th er m o c o u p le s  so  that te m p er a tu r e s  cou ld  be rec o r d e d
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co n tin u o u sly  from  e a ch  tr e e  throughout the p e r io d  o f d e la y ed  dorm ant through  

sec o n d  c o v e r . A  F r ie z  h yg ro th erm o g ra p h  w as a lso  u se d  in a sm a ll w ea th er  

h o u se  am on g  the t r e e s  to keep a s e a so n a l r e c o r d  o f a ir  te m p e r a tu r e s . A s a  

fu rth er  ch eck , T a y lo r  m a x im u m -m in im u m  th e r m o m e te r s  w e r e  o p era ted  

w ith in  th e c e n te r  o f ea ch  tr e e  of the study.

At h a r v e s t  t im e , the fru it from  ea ch  trea tm en t w as p ick ed  and  

ev a lu a ted  fo r  the p r e s e n c e  o f su r fa ce  r u s se t in g , a s  d e sc r ib e d  in  E x p e r i­

m en t 1.

E x p er im en t 4. F u rth er  f ie ld  s tu d ie s  to d e term in e  the e f fe c t s  of fu n g ic id es  

and fr e e z in g  a ir  te m p e r a tu r e s  on fru it r u sse t in g .

T he sa m e  b lo ck  of young apple t r e e s  o f Jonathan and M cIntosh  

at the M ich igan  State U n iv e r s ity  G raham  E x p er im en t Station  that w as u sed  

in  1956 w as a g a in  u sed  in  1957 fo r  fu rth er  e v a lu a tio n s . The m a in  b lock  

w a s again  d iv id ed  in to  th ree  p lo ts . T h e se  p lo ts  w e re  d iv id ed  into two su b ­

p lo ts  o f f iv e  s in g le - t r e e  r e p lic a t io n s  of e a ch  v a r ie ty . One su b -p lo t o f ea ch  

p lo t r e c e iv e d  captan  a s  a co n tro l tr e a tm en t and the th ree  o th er  su b -p lo ts  

w e r e  sp ra y ed  w ith th iram , g lyod in  and w etta b le  su lfu r  a s  the fu n g ic id e  

tr e a tm e n ts .

T he sp ra y  p ro g ra m  e x p r e s s e d  a s  am ou nts p e r  100 g a llo n s  o f sp ra y  

m ix tu re  w a s a s  fo llo w s:
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Two a p p lica tio n s  of liq u id  l im e -s u lfu r  at e igh t q u arts w e re  m ade  

u n ifo rm ly  on a ll  t r e e s  p r io r  to p r e -p in k . S tartin g  at pink, the tre a tm e n ts  

w e re  th iram  at one and o n e -h a lf  pounds, g lyod in  at one quart, w etta b le  s u l ­

fur at s ix  pounds, and captan  at tw o pounds. T h is  ra te  w as u sed  for four  

a p p lica tio n s  (through seco n d  co v er ) a fter  w hich  the am ou nts w e re  red u ced  

by o n e -fo u r th  for  fiv e  add ition al sp r a y s . Phygon at four o u n ces  w a s added  

to a l l  tr e a tm e n ts  at p e ta l fa ll , and Phix at four o u n ces  w as u sed  u n iform ly  

at f ir s t  c o v e r . S tartin g  w ith  seco n d  co v er , p arath ion  at one pound, and  

D D T at one pound w as added to a ll  tr e a tm e n ts .

A sep a ra te  s in g le  a p p lica tio n  of DDT at one and o n e -h a lf  pounds  

w a s m ade in A ugust fo r  in s e c t  co n tro l. L ead a r se n a te  at two pounds w as  

u sed  in  the fifth  and s ix th  c o v e r  sp r a y s  in p la c e  o f parath ion . When lead  

a r se n a te  w as u sed  in the g lyod in  trea tm en t, ferbam  at o n e -h a lf  pound w a s  

added  to p rev en t p o s s ib le  a r s e n ic a l  in jury .

A ll sp ra y  a p p lica tio n s  w e re  m ade w ith  a R obin son  a ir -b la s t  a tta ch ­

m en t on a H ard ie  sp r a y e r  equipped w ith a th ir ty -g a llo n s  p e r  m in ute pump  

o p era tin g  at 600 pounds p r e s s u r e .

A ir  te m p e r a tu r e s  w e r e  obtained  from  the th erm ograp h  r e c o r d s  of 

the s ta tio n  lo c a te d  n ear  the te s t  b lock . T he e le v a t io n s  of the sp ra y  p lo ts  and  

the r ec o r d in g  in stru m en t w e re  s im ila r .

At h a r v e s t  t im e , a b u sh el o f fru it w as p ick ed  ran d om ly  from  ea ch  

s in g le  tr e e  rep lic a tio n  in e a ch  trea tm en t and exam in ed  for  p o s s ib le  r u s s e t in g

a s  d e s c r ib e d  in E x p e r im en t 1.
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H is to lo g ic a l In v estig a tio n s

E x p er im en t 5. H is to lo g ic a l in v e s t ig a t io n s  to study the d eve lop m en t of the 

p r o te c tiv e  la y e r s  o f G old en  D e lic io u s , Jonathan, and M cIntosh  w ith  sp e c ia l  

atten tion  g iv en  to the c u tic le , and to study th e d ev e lo p m en t of r u s se te d  t i s ­

su e s  of the fru it.

F lo w e r s  and fr u its  s e le c te d  for th is  study w e re  taken from  th ir ty -  

y e a r -o ld  b ea r in g  G olden D e lic io u s , Jonathan, and M cIntosh  app le  t r e e s  lo c a t ­

ed  at the M ich igan  State U n iv e r s ity  H o rticu ltu ra l farm , E a st L an sin g . A ll 

t r e e s  r e c e iv e d  a un iform  sp ra y  trea tm en t o f captan, DDT and parath ion  

throughout the g row in g  se a so n . B lossom  c lu s te r s  from  w hich  sa m p le s  w e re  

c o lle c te d  w ere  from  sp u rs on v ig o ro u s  th r e e -  o r  fo u r -y e a r -o ld  w ood lo ca ted  

on the south s id e  o f the tr e e  at a height o f f iv e  to sev en  fe e t. F ou r co m p le te  

f lo w er  c lu s te r s  w e r e  taken  tw ice  w eek ly  from  ea ch  v a r ie ty  from  the f ir s t  

s ta g e  of bud sw e llin g  to p r e -p in k . A fter  p r e -p in k  the c en tr a l b lo sso m  of 

four c lu s te r s  w e re  c o lle c te d  tw ice  w eek ly  from  ea ch  v a r ie ty  until one m onth  

a fter  fu ll b loom . T he su c c e e d in g  sa m p le s  w e re  c o lle c te d  w eek ly  until h a r ­

v e s t  t im e .

Im m ed ia te ly  a fter  r em o v a l from  the tr e e , the p lan t m a te r ia l w a s  

p la c e d  in  la b e led  b o ttle s  con ta in in g  a k illin g  and fix in g  so lu tio n  of f iv e  m i l l i ­

l i t e r s  of fo rm a lin , f iv e  m i l l i l i t e r s  of g la c ia l a c e t ic  a c id  and n in ety  m i l l i l i t e r s
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o f sev en ty  p e r ce n t e th y l a lc o h o l. T he m a te r ia l w a s then p la c e d  in a la r g e  

ev a cu a to r  and h eld  under vacuum  fo r  a p p ro x im a te ly  th re e  h o u rs . The  

vacuum  p la c e d  on the m a te r ia l w as in c r e a se d  grad u a lly  to p rev en t dam age  

to the t is s u e  s tr u c tu r e . A fter  the m a te r ia l w as evacu ated , the o r ig in a l  

so lu tio n  o f fo r m a lin -a c e t ic  a c id -a lc o h o l w a s r e p la c e d  w ith  a fr e s h  so lu tion . 

T he m a te r ia l w as s to r e d  for  v a ry in g  p e r io d s  of tim e  b e fo re  em b ed d in g  

in t is s u e m a t .

O ther s a m p le s  o f fr e sh  f lo w e r s  and fr u its , s e le c te d  in the m an ner  

ju st d e scr ib e d , w e re  p la ced  in la b e le d  p o ly e th y len e  b ags, sea le d , and s to r e d  

at 0"F fo r  fu ture s tu d ie s  o f fr e sh  m a te r ia l u s in g  the fr e e z in g  m ic r o to m e .

T he k illed  and fix ed  m a te r ia l w as dehyd rated  u s in g  the te r t ia r y  

butyl a lco h o l m eth od  a s  d e sc r ib e d  by Johansen (27) and em b ed d ed  in F ish e r  

t is s u e m a t  h aving a m e ltin g  point o f 54-56^ C . A fter  em bedding, the m a te r ­

ia l w a s  s to r ed  in the fr e e z in g  co m p artm en t o f a r e fr ig e r a to r  fo r  two days  

to p rev en t c r y s ta ll iz a t io n  of the p a ra ffin . T he m a te r ia l w as then sec tio n ed  

u s in g  a M odel 820 A m e r ica n  O ptica l C om pany ro ta ry  m ic r o to m e . The  

s e c t io n s  w ere  cut s ix  to ten  m ic r o n s  in th ick n e ss , depending upon the age  

of the plant m a te r ia l and the r e la t iv e  s iz e  o f the c e l l s .  Both tr a n s v e r s e  

and lon gitu d in al s e c t io n s  w e re  m ad e of the d eve lop in g  fru it or  flo w er  r e c e p ­

ta c le s .  S e r ia l s e c t io n s  w e re  then a ffix ed  to stand ard  m ic r o sc o p e  s l id e s  

u sin g  Haupt*s a d h es iv e  (27).



T he p a ra ffin  w a s r em o v ed  from  the s e c t io n s  w ith  x y lo l and the 

s e c t io n s  w e r e  sta in ed  w ith  Safran in  and F a s t  G reen  a s  o u tlin ed  by Johansen  

(27). T he s e c t io n s  w e r e  m ounted in  c la r ite , a sy n th etic  r e s in , and a llo w ed  

to dry fo r  two d ays p r io r  to m ic r o sc o p ic  ex a m in a tio n .

T h e fr o z e n  m a te r ia l w a s  rem o v ed  from  the 0e F sto r a g e  and 

p la c e d  into a sa tu ra ted  a b so lu te  e th y l a lco h o l so lu tio n  o f Sudan IV fo r  10 

m in u te s . T he e x c e s s  sta in  w as then r in se d  o ff w ith  95 p e r ce n t eth y l a lco h o l 

and th e  p lan t m a te r ia l w as p la c e d  im m ed ia te ly  in  a ten  p e r ce n t g e la tin  s o lu ­

tion  on the s ta g e  o f a M odel 880 A m er ica n  O ptical Com pany fr e e z in g  m ic r o ­

to m e . T he p lan t m a te r ia l w as then  r e fr o z e n  and tr a n s v e r s e  s e c t io n s  cut 

at s ix  m ic r o n s  in  th ic k n e ss .

T he s e c t io n s  w e r e  m ounted  in  w a ter  on stand ard  m ic r o sc o p e  s l id e s  

a c o v e r - s l ip  p la c e d  on them , and the e x c e s s  w a ter  b lotted  off. T he e d g e s  o f  

the c o v e r - s l ip  w e r e  then s e a le d  w ith  c le a r  fin g er n a il p o lish  and a llo w ed  to  

dry fo r  a p p ro x im a te ly  f if te e n  m in u tes  b e fo re  exam in a tio n .

A ll m ic r o s c o p ic  ex a m in a tio n s  w e r e  m ad e w ith  a Z e i s s  250190  

m ic r o sc o p e . T he p erm a n en tly  p r e p a r ed  m a te r ia l w as ex a m in ed  a s  s e r ia l  

s e c t io n s  to obtain  a tru e  p r o sp e c t iv e  of the p r o te c tiv e  la y e r s  o f the fru it.

P h o to m icro g ra p h s w e re  taken w ith an Exakta VX c a m e ra  w ith  a 

m ic r o sc o p e  ad ap ter . A  typ e 3 1 -3 3 -2 6  B ausch and L om b O ptical Com pany  

m ic r o sc o p e  lig h t w as u se d  a s  the ligh t so u r ce  in clu d in g  a ground g la s s
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f i l te r  (39375) and a blue g la s s  f i l t e r  (39370) b etw een  the ligh t so u r ce  and  

su b -s ta g e  m ir r o r  o f the m ic r o sc o p e . Kodak P lu s-X  film  w as u sed  fo r  tak ing  

b lack  and w hite  p h o to m icro g ra p h s and K odachrom e (daylight type) film  w as  

u sed  fo r  tak in g  c o lo r e d  p h o to m icro g ra p h s.

C om p arative  o b se r v a t io n s  w e re  m ad e on the th ree  v a r ie t ie s  

stu d ied  r e la t iv e  to c u t ic le  d evelop m en t, tr ich o m e  s tru c tu re  and m ethod o f  

tr ic h o m e  e lim in a tio n  from  the fru it su r fa ce , type of ep id erm a l and hypo- 

d erm a l la y e r s , and the p r o g r e s s iv e  ch an g es that o ccu r  in th e se  t is s u e s  a s  

the fru it e n la r g e s .

The fru its  u sed  in  the h is to lo g ic a l study of the d evelop m en t of  

r u s s e te d  t i s s u e s  w e re  c o lle c te d  from  the th ir ty -y e a r -o ld  G olden D e lic io u s  

ap p le  t r e e s  r e c e iv in g  the g lyod in  trea tm en t a s  d e sc r ib e d  in E xp erim en t 1. 

S a m p les  w e r e  c o lle c te d  w eek ly  s ta r tin g  two w eek s a fter  fu ll b loom  and c o n ­

tin u in g  until h a r v e s t  m atu rity . T he p r o c ed u r es  for  p rep a r in g  the m a ter ia l  

for  m ic r o s c o p ic  ex a m in a tio n  w e re  the sa m e  as p r e v io u s ly  d e scr ib e d  for the  

p erm a n en tly  m ounted  s e c t io n s . P h otom icro g ra p h s w ere  taken a lso , a s  p r e ­

v io u s ly  d e scr ib e d .

O b serv a tio n s  w e re  m ade r e la t iv e  to tim e  o f the e a r l ie s t  r e c o g n iz ­

a b le  r u s s e t  d eve lop m en t, the a c tu a l fo rm ation  o f r u s se te d  t is s u e  and the  

fin a l type of t i s s u e s  r e su lt in g  in the r u s se te d  a r e a s .

T o m o r e  fu lly  ev a lu a te  the r o le  of in jury of tr ic h o m e s  in fru it
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r u sse t in g , m a c r o sc o p ic  s tu d ie s  w e r e  con d u cted  on la r g e  th ir ty -y e a r -o ld  

G old en  D e lic io u s  and Jonathan app le t r e e s  g ro w in g  on the M ich igan  State  

U n iv e r s ity  H o rticu ltu ra l fa r m . A m in im u m  o f ten  f lo w e r s  at ea ch  o f the  

s ta g e s , pink, fu ll b loom , and p e ta l fa ll w e r e  s e le c te d  for  th is  study. W ith 

the a id  o f a hand le n s e  and sh a rp -p o in ted  tw e e z e r s , the fin e  m at o f tr ic h o m e s  

on ea ch  flo w er  r e c e p ta c le  w a s rem o v ed  in the form  of d is tin c t narrow  bands 

running p a r a lle l  to the lo n g  a x is  of the flo w er . E v er y  p reca u tio n  w as m ad e  

to p rev en t the tw e e z e r s  from  actu a l co n ta ct w ith  the e p id e r m is  of the r e ­

c e p ta c le s .

A nother s im ila r  s e r ie s  of f lo w e r s  had p o r tio n s  o f the tr ich o m e  m at  

tou ch ed  w ith  a b lock  of dry ic e  (so lid  carb on  d iox id e) to a poin t that the t ip s  

of the tr ic h o m e s  b eca m e  c u r led  and brow n in c o lo r . T he dry  ic e  did not co m e  

in  co n ta ct w ith  the e p id e r m is  so  that on ly  in jury to the ou ter  p o r tio n  of the  

tr ic h o m e s  o c cu rred .

T he f lo w e r s  in  e a ch  c lu s te r  that w ere  not tr e a te d  w ere  r em o v ed  and  

the fru itin g  spur w as p r o p e r ly  tagged  a s  to type o f trea tm en t, sta g e  of b lo sso m  

d ev elop m en t at the tim e  of trea tm en t, and date of trea tm en t.

The fr u its  w e re  exa m in ed  w eek ly  for  the f ir s t  s ix  w eek s  and then  

m on th ly  th e r e a fte r  for  s ig n s  of r u s s e t  d evelop m en t. A fin a l ch eck  w a s m ad e  

at fru it m a tu r ity .

The t r e e s  w e re  sp ra y ed  w ith  two pounds of captan  p lu s  one pound of

D D T p lu s  one pound o f p a ra th ion  p e r  100 g a llo n s  of sp ra y  m ix tu re  fo r  in s e c t  and  

d is e a s e  co n tro l throughout the g ro w in g  se a so n .
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R E SU L TS

E x p er im en t 1. C o n tro lled  tem p era tu re  s tu d ie s  to d e te r m in e  the r e la t io n ­

ship  of f r e e z in g  a ir  te m p e r a tu r e s  and fu n g ic id e s  a s  a ffe c t in g  fru it r u s se t in g .

T he v a r io u s  a ir  te m p e r a tu r e s  to w h ich  ea ch  G olden D e lic io u s  

tr e e  on M a ilin g  VII r o o ts to c k s  w as e x p o sed  a r e  g iv en  in  T ab le  I. One tr e e  

w a s e n c lo s e d  du rin g  p e r io d s  w hen a ir  te m p e r a tu r e s  o f 32° F or lo w er  w e re  

e x p e c ted  and the tr e e  h ea ted  to p rev en t ex p o su r e  to fr e e z in g  a ir  te m p e r a ­

tu r e s  w h ile  the o th er  tr e e  w as ex p o sed . T he th ird  tr e e  w as e n t ir e ly  e x p o sed  

to u n a ltered  en v iro n m en ta l co n d itio n s . D u rin g  the e a r ly  m o rn in g  h o u rs  

o f M ay 16, 20, and 24 fr e e z in g  te m p e r a tu r e s  of 31. 7 ° , 31. 5° and 28. 0 °F  

r e s p e c t iv e ly , w e re  r e c o r d e d  on th e r m o m e te r s  and th erm o g ra p h s p la c e d  

w ith in  the fr u it in g  p o rtio n  o f the e x p o sed  tr e e s  (T ab le I). T he tr e e  s e le c te d  

fo r  p r o te c tio n  from  th e se  te m p e r a tu r e s  w as e n c lo se d  during the n igh ts  w hen  

th e se  te m p er a tu r e s  o c c u r r e d  and h ea ted  w ith  e le c tr ic a l  sp a ce  h e a te r s . T he  

a ir  te m p er a tu r e s  o f the e n c lo se d  tr e e  did not drop below  32. 5 °F  (T ab le  I). 

T he 28° F r e c o r d e d  on M ay 24 la s te d  fo r  a p p ro x im a te ly  45 m in u tes  w h ile  

the o th er  fr e e z in g  te m p e r a tu r e s  r e c o r d e d  w e r e  for  sh o r te r  d u ration s.

R e co r d s  o f r u s s e t in g  of the h a r v e ste d  fru it w e r e  ob ta in ed  from  

the to ta l n u m b ers o f fr u its  from  ea ch  h a lf - tr e e  trea tm en t w hich  v a r ie d  from  

50 to 75 fr u it s . T he data o f the fr u it  r u s s e t in g  r e su lt in g  from  the two f a c ­

to r s , fu n g ic id es  and fr e e z in g  a ir  te m p e r a tu r e s  a r e  p r e se n te d  in T a b le  II.
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TABLE I

M inim um  A ir  T e m p e r a tu r e s  R eco rd ed  W ithin F r u itin g  A rea  of P ro tec ted  and
E x p o sed  T r e e s  o f G olden D e lic io u s  - 1956

E x p o sed  T r e e s P r o tec ted  T r e e s
D ate M inim um  T em p era tu re  

(D e g r e e s  F)
M inim um  T em p era tu re  

(D e g r e e s  F)

M ay 16 (Pink) 31. 7 32. 5

M ay 20 (E a r ly  
Bloom ) 3 1 .5 34. 5

M ay 24 (E a r ly  
P eta l F a ll) 2 8 .0 33. 0
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T he com b in ation  o f g lyod in  and fr e e z in g  te m p e r a tu r e s  r e su lte d  

in  84. 5 p e r c e n t h e a v ily  r u s se te d  fru it, w h ile  on the sa m e  tr e e  the u se  of 

captan  r e su lte d  in on ly  24. 4 p e r c e n t h e a v ily  r u s se te d  fru it. A ll o f the r e ­

m a in in g  fru it from  th is  tr e e , e x ce p t 2. 7 p e r c e n t o f the fru it fr e e  o f r u s s e t ­

in g  from  the captan  trea tm en t, w e re  lig h tly  r u sse te d , 15. 5 p e r ce n t fo r  the  

g ly od in  trea tm en t, and 72. 9 p e r ce n t fo r  the captan trea tm en t. It should  be 

r e -e m p h a s iz e d  that the fru it c la s s i f ie d  a s  lig h tly  r u s se te d  w e re  a ccep ta b le  

fo r  U. S. N o. 1 and F an cy  g r a d e s .

Of the fru it from  the tr e e  p r o te c ted  from  the fr e e z in g  a ir  te m ­

p e r a tu r e s  and r e c e iv in g  the g lyod in  trea tm en t, 27. 8 p e r ce n t w ere  h ea v ily  

r u s s e te d  and 72. 2 p e r ce n t w e r e  lig h tly  r u s se te d . T he captan tr e a ted  p o r ­

tio n  had no h e a v ily  r u s se te d  fr u its , 43. 2 p e r ce n t w e re  on ly  lig h tly  r u sse te d , 

and 56. 8 p e r ce n t w e re  e n t ir e ly  fr e e  of r u sse t in g .

A r e la t iv e  co m p a r iso n  o f the fru it of the two fu ngic id e  trea tm en ts  

from  tr e e s  e x p o sed  to fr e e z in g  te m p e r a tu r e s  i s  illu s tr a te d  in  F ig u re  3. 

E x a m p les  o f fr u its  from  the p r o te c ted  tr e e  r e c e iv in g  the sa m e  two tr e a t ­

m en ts  a r e  show n in F ig u re  4.

T he th ird  G old en  D e lic io u s  tr e e  ex p o sed  to u n a ltered  e n v ir o n ­

m en ta l co n d itio n s had in su ffic ie n t fr u its  fo r  eva lu ation .

The r e c o r d s  o f r u s se t in g  of the h a r v e sted  fru it of the th ir ty -y e a r -  

o ld  b ea r in g  G olden D e lic io u s  tr e e  w hich  w as d iv ided  into two equal h a lv es ,



CO LD

F ig u r e  3. A r e p r e se n ta t iv e  sa m p le  o f a p p les  taken  from  the t r e e s  e x p o se d  to  
fr e e z in g  a ir  te m p er a tu r e s  and sp ra y ed  w ith captan  and g lyod in .



4 6 .

P R O T E C T E D

C A P T A N  GLYODIN

F ig u r e  4. A  r e p r e se n ta t iv e  sa m p le  of a p p les  taken from  the tr e e  p ro te c ted  
from  fr e e z in g  a ir  te m p er a tu r e s  and sp rayed  w ith  captan and  
g lyod in .



o n e -h a lf  sp ra y ed  w ith g ly od in  and the o th er  captan, a re  p r e se n te d  a lso , in  

T ab le  II. T h e se  data a g r e e  c lo s e ly  w ith the r e s u lt s  obtained  from  the e x ­

p o se d  tr e e  on M a ilin g  VII r o o ts to c k s  and r e c e iv in g  the fr e e z in g  a ir  te m p e r ­

a tu r e s  (T ab le  II). In a s e v e n -b u sh e l sa m p le  of the h a r v e sted  fru it from  the 

p o r tio n  o f the tr e e  tr e a te d  w ith  g lyod in , 96. 5 p e r ce n t w ere  h ea v ily  r u s se te d  

and 3. 5 p e r c e n t w e r e  lig h tly  r u sse te d , w h ile  in a s e v e n -b u sh e l sa m p le  from  

the captan  trea tm en t, on ly  25. 5 p e r ce n t w e re  h e a v ily  r u s se te d  and 64. 6 p e r ­

cen t lig h tly  r u s se te d . F u rth erm o re , the captan trea ted  p ortion  had 9. 9 

p e r c e n t of i t s  fr u its  fr e e  of r u s se t in g .

B ecau se  o f the c lo s e  p r o x im ity  of th is  tr e e  to the ca g e  tr e e s  and  

s in c e  the e le v a t io n  w as n e a r ly  id en tica l, it w as a ssu m ed  that fr e e z in g  t e m ­

p e r a tu r e s  o f v e r y  c lo s e  to 31. 7 °F , 31. 5®F, and 28 . 0®F o c cu rr e d  in the  

lo c a tio n  o f th is  tr e e  on M ay 16, 20 and 24.

F rom  th e s e  data it i s  d em o n stra ted  that s lig h t r u s se t in g  r e su lt in g  

from  the o c c u r r e n c e  o f fr e e z in g  a ir  tem p er a tu r e s  e a r ly  in the grow in g  s e a ­

son, du rin g  or  n ea r  b loom , m ay  be in c r e a s e d  to h eavy  r u s se t in g  o f a m ajor  

eco n o m ic  im p o rta n ce  by the u se  of c e r ta in  p e s t ic id e  c h e m ic a ls .

E x p er im en t 2. F ie ld  s tu d ies  to ev a lu a te  the e ffe c ts  of fu n g ic id es  and f r e e z ­

in g  a ir  te m p e r a tu r e s  on fru it r u s se t in g  of a p p les .

The fin d in g s o f the tr e a tm e n ts  th iram , captan, g lyodin , and c a p ­

tan fo llo w ed  by g ly od in  a fte r  f ir s t  c o v er , m ade in the b lock  o f s ix te e n -y e a r -



o ld  Jonathan, G olden  D e lic io u s , and M cIntosh  apple t r e e s  a r e  g iv en  in  

T a b le  III. In th is  study, f iv e  s in g le  tr e e  r e p lic a t io n s  o f ea ch  v a r ie ty  w e re  

in c lu d ed  in  e a c h  tr e a tm e n t.

A s in g le  f r e e z in g  tem p era tu re  o f 30. 5 °F  o f a  th ir ty -m in u te  d u ra ­

tion  o c c u r r e d  on M ay 16 w hen the b lo s s o m s  w e r e  in  the e a r ly -p in k  s ta g e .

T h e r e s u lt s  from  ex a m in a tio n s  o f the h a r v e ste d  fru it, g iv en  in  

T a b le  III, r e v e a le d  no s ig n ifica n t d if fe r e n c e s  o f fru it r u s se t in g  betw een  

tr e a tm e n ts . T h e  u se  o f captan  through f ir s t  c o v e r  fo llo w ed  by g lyod in  w as  

an a ttem p t to d e term in e  if  g lyod in  w ould c a u se  r u s se t in g  if  u sed  on G olden  

D e lic io u s  a fte r  f ir s t  c o v e r . H ow ever, a s  no d if fe r e n c e s  w e re  noted  b e ­

tw een  any o f the tr e a tm e n ts  and the u se  of g lyod in  did c a u se  r u s se t in g  on 

G old en  D e lic io u s  a s  show n in  T ab le  II, it w as co n jec tu red  that m ethod of 

a p p lica tio n  o f the c h e m ic a ls  p rob ab ly  p la y ed  a v e r y  im p ortan t r o le  a s  to 

w h eth er  or not a p e s t ic id e  c h e m ic a l w a s  p h yto tox ic .

T he r e s u lt s  o f fru it r u s s e t in g  from  the tr e a tm e n ts  o f g lyodin , 

th ira m , captan, and ferb am , in  B locks I, II and III at the G raham  E x p e r i­

m en t S tation  a r e  g iv e n  in  T a b le  rV. T h e re  w e r e  no s ig n ifica n t d if fe r e n c e s  

in  h eavy  r u s s e t in g  b etw een  tr e a tm e n ts  for  any o f the v a r ie t ie s .  T h e re  w ere  

s ig n if ic a n t d if fe r e n c e s , h ow ever, in  lig h t r u s se t in g  from  the v a r io u s  sp ra y  

tr e a tm e n ts  in  B lock  I b etw een  the u se  o f captan  and ferb am  on Jonathan, 11. 54 

p e r c e n t fo r  the captan  tr e a tm en t a s  co m p a red  to 5. 8 p e r c e n t fo r  the ferb am



R
us

se
tin

g 
of 

Jo
na

th
an

, 
Go

ld
en

 
D

el
ic

io
us

, 
an

d 
M

cI
nt

os
h 

fro
m 

the
 

Us
e 

of 
Ce

rt
ai

n 
Fu

ng
ic

id
es

 
af

ter
 

th
e 

O
cc

ur
re

nc
e 

of 
30

. 
5°F

 
for

 
30 

M
in

ut
es

. 
Gr

ah
am

 
Ex

pe
ri

m
en

t 
St

at
io

n,
 

19
56

4 9 .

bo
cd
■4—>
CD 4-1CO PCO CD
p CJ

PC Jh
CD
Cl>

cd
CD

K

bo
P* M  
+—>
CD 4H
CO p
03 CD
P U
P£ Jh

CD
4—> C l

4 3bO
•rH

b OP
*->
CD
cn
co
pvC
o

pCDO
JhCU
C l

43a
CDU

f

CD
Jh
cd
>

o  cn r—
CN CO O

r~

L O  CO OO
on co  r~-

CN

CN

CN

L O  lO  LO 
OO CO  LO

r -  l oON ON ON

P
cd

a
73E

cd
^  u  ~Dj ..H *'>
cd Jxu h a

NO
ON

73
CD
£o p

r —  ^ • rH73 XJ O o
^  >s
§  a
CX >>
Cd r QO

cd
cd43*->
cdP
O

o
o

CO  NO 
OO L O

o
LO

o  o

ON
I—I CO LO

CO CN cn

CO
OO

NO co o
OO f '— O n

nO  nO  lO  
O '  ON ON

t " -
nO

OO
ON

cd
cd
CL ' H 
Cd 4 3
U E-

po
CJ
15
Q
cd
cdXJ
o

O

73
CD
£
J2 ^
o ^  lh o 

cd >%.  cd  i—h
7 3  c d  n
o  dQ*1 b*-. >— ' cd  P
o  o

O n  O  *“H 
CO  - H  O n

CN
N O

t'~- co  f —
NO ON CO

x f  CN CO

NO
oo
c o

7  h- CN
ON O n t"—

O  CO ^h
ON ON O n

CN
LO

o
ON

cd
cd+-j
&

U

B
cd
Jh

■

4 3
E-*

73
CD

o cd
r  H •
73  7 3

P >>
73 cd OO ^>n CU >* dx' cd rD
o  o

43
cnO

o

No 
sig

ni
fic

an
t 

di
ffe

re
nc

es
 

be
tw

ee
n 

tr
ea

tm
en

ts
.



5 0 .

>
W*-1CQ
£

5-4Poo
O
QJ

JC
4—>

bO_P
jD
o  ^

£  1 /0  ^  ON
CO ^
cu

T 3  p
O -2
■5b S
§  C O  
l-Lj •*—'^  p

p  cu
P  £
4_> -—IP 5-4
CU cu 

a .  x  W
O

aj P
3  5
<u 10 

X i 5-4
a

£  .O CO
U  CU*4-4 4-J

«  SCU -P
-  scu ^p  b'N 
5-4 4—>
CO u
>  3
J= H co u
2  £  
p  ^

7>
2
'S  O£ C’O CO

p
CO-C4-j
c0
P
o

cu
op
QJ5-4

bo
p

• I—4 4-J
ajto
cop

D m

bO
P«i~H
4-J _cu O  
c n  p  CO cu 
P  o

D m  5-1CU
>  . EL
>  '  
p
cu

DC

bo
p

• I I4-J
cu ^CO 4-j

3 8
05 Si
x i  3  
bo

-J

bo
p

4-J 4—4
CU P  
co cu cn o 
P  p
p£ £

CL,o — 
2

____, 4-J
P

p cu
o £
£

4—>
P

OJ QJ
x i 5-4
V R

M
O
O

CO

>N4-J
CU

■ i—H
U
P
>

cnt"
r—

lO r - p O n CN r - O  P C O i-Hi—i P O n r - O n OO CN NO C O o o
« • • ■ . . . a a a a

CN «— 1 CN >—1 CN *—t ——H 1—4 CN

■a-
P o m r - ON o OO o ON ON O
m OO o >—M OO i-—4 P ON [■'- O CN P 1

« * . a a « . a * . . .
— 4 i n — i CN CN CO ,—4 •-H —H — i i—4

P m p NO r - 'H O CO ,— i r - o ON
T ' o in OO co ON r - - OO NO m T '- m

. a « * . a a a a a a a
O o NO m P P m NO NO r ~ r - NO
OO ON ON ON ON O n O n O n ON ON ON ON

P  E  
P  _g4—> rLJCl, 5m 
P  cu 
U tu

P
P

.P
4-J
P
Po

r-4 C
P  XS
■p oB* b*N P  , 1o  o

p
p

£  
p

E l * *—* 
p  x i U  H

p  ~  
P  S3
4-J MMDj Jh
P  <u 
O pu

p  . £  
P  XJ 
B OBCU .— t
o  o

p
p

£ 
p

a j  ^
U  H

COO4-J£  H—I
O

D
iff

er
en

ce
s 

be
tw

ee
n 

tr
ea

tm
en

ts
 

sig
ni

fic
an

t 
at 

the
 

5 
pe

rc
en

t 
le

ve
l.

Ca
pt

an
 

tr
ea

tm
en

t 
of 

Bl
oc

k 
I 

sig
ni

fic
an

tly
 

hi
gh

er
 

tha
n 

Ca
pt

an
 

tr
ea

tm
en

ts
 

of 
Bl

oc
ks

 
II 

an
d 

III
 

of
 

the
 

Jo
na

th
an

 
va

ri
et

y.



tr e a tm e n t. H ow ever, it  sh ou ld  be p o in ted  out that the p o r tio n  o f B lock I 

r e c e iv in g  th e captan  tr e a tm e n t w as lo w er  in  e lev a t io n  than that p o r tio n  

r e c e iv in g  the ferb am  trea tm en t or  the o th er  b lo ck s  in th is  study. It i s  

v e r y  p ro b a b le  that in  th is  a r e a  a lo w er  tem p era tu re  than the rec o r d e d  

30. 5* F cou ld  have o c cu rr e d , w h ich  m ay  accou n t for  the h ig h er  am ount of 

r u s s e t in g  o f th e Jonathan v a r ie ty  in  the captan  trea tm en t. T he am ount o f  

both lig h t and h eavy  r u s s e t in g  found on Jonathan in the captan tr e a ted  p o r ­

tio n  o f B lock I w as s ig n if ic a n tly  h igh er  than that found in the captan trea ted  

p o r tio n s  o f B locks II and III (T ab le  IV).

E x p er im en t 3. C o n tro lled  tem p era tu re  s tu d ie s  in 1957 to fu rth er  ev a lu a te  

the r e la t io n sh ip  o f fu n g ic id e  and fr e e z in g  a ir  tem p erature's on fru it r u s se t in g  

o f Jonathan and G old en  D e lic io u s .

T he data on fru it r u s se t in g  obtained  from  the h a lf - tr e e  tr e a tm e n ts  

o f captan  and g ly od in  on Jonathan e x p o sed  to d ifferen t a ir  tem p er a tu r e s  n ear  

bloom  a r e  g iv en  in  T ab le  V . V a r ia tio n s  in  fru it r u s se t in g  on G olden D e l i ­

c io u s  from  h a lf - tr e e  tr e a tm e n ts  of g lyod in  at fu ll s tren g th  (one quart) and  

o f g lyod in  a t h a lf -s tr e n g th  (one pint) p lu s  o n e -fo u rth  pound o f Phygon a r e  

p r e se n te d  in  T a b le  V .

T r e e  n u m ber one of the tw o v a r ie t ie s  w a s e x p o sed  to on ly  one hour 

o f  a  low  o f 32 . 0 ° F  fo r  the Jonathan and 31. CTF fo r  the G olden D e lic io u s , 

w h ile  tr e e  num ber tw o o f both v a r ie t ie s  w as e x p o sed  to a p er io d  o f four
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h o u rs  and tw en ty  m in u te s  o f f r e e z in g  te m p e r a tu r e s  ra n g in g  from  29 . 5"F to  

a  m in im u m  o f 27 . 5 ° F . T r e e  num ber th re e  w a s e x p o sed  on fou r n igh ts w hen  

m in im u m  a ir  te m p e r a tu r e s  o f 32®F or  lo w er  w e re  r e c o r d e d . T he s ta g e s  o f  

f lo w e r  and fru it d ev e lo p m en t at the t im e  ea ch  fr e e z in g  a ir  tem p era tu re  w as  

r e c o r d e d  a r e  g iv en  in  T a b le  VI.

An added s in g le  G olden D e lic io u s  tr e e  w as sp ra y ed  w ith  captan and  

w a s a ls o  e x p o sed  to the fou r  n igh ts  o f fr e e z in g  a ir  te m p er a tu r e s  g iv en  in  

T a b le  VI.

T he p o r tio n s  of the th re e  Jonathan t r e e s  r e c e iv in g  the g lyod in  

tr e a tm e n t had a p r o g r e s s iv e ly  in c r e a s in g  am ount o f fr u its  ex h ib itin g  heavy  

r u sse t in g , 2 . 94 p e r ce n t, 7. 55 p e r ce n t, and 67. 07 p ercen t, r e sp e c t iv e ly ,  

w h ich  c o rr e sp o n d e d  w ith  th e p r o g r e s s iv e ly  in c r e a s in g  am ou nts o f ex p o su re  

to  f r e e z in g  a ir  te m p e r a tu r e s  n ea r  b loom . T he p ercen ta g e  of fr u its  e x h ib it­

in g  h eavy  r u s s e t in g  r e c o r d e d  from  the u se  o f  captan  in c r e a se d  a ls o  w ith  

in c r e a s in g  e x p o su re  to f r e e z in g  a ir  te m p e r a tu r e s . H ow ever, the p e r c e n t­

a g e s  o f r u s s e te d  fr u it  from  the captan  tr e a tm e n ts  w e r e  s m a lle r  than from  

the g lyod in  tr e a tm e n ts . To il lu s tr a te , from  the tr e e  ex p o sed  to one night 

o f 32. 0®F, on ly  2. 44 p e r c e n t  o f the fru it from  the captan trea tm en t and  

2. 94 p e r c e n t of the fru it from  the g lyod in  trea tm en t w e r e  h e a v ily  r u s se te d .  

T h e tr e e  e x p o sed  to the m in im um  tem p era tu re  o f 27. 5®F had 3. 92 p e r ce n t  

o f the fr u it  from  th e captan  trea tm en t h e a v ily  r u s se te d  a s  co m p a red  to 7. 55
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55.

p e r c e n t  fro m  the g ly o d in  tre a tm e n t. T he g r e a te s t  d iffe re n c e  o c c u r r e d  from  

the e x p o su r e  to th e four p e r io d s  o f fr e e z in g  a ir  te m p e r a tu r e s , 15. 52 p e r ­

c en t o f the fr u its  w e r e  h e a v ily  r u s s e te d  w hen captan w as u sed , a s  com p a red  

to 67 . 07 p e r ce n t o f  h e a v ily  r u s se te d  fru it from  the u se  o f g lyod in .

T h e re  w e r e  no r u s s e t  fr e e  G olden  D e lic io u s  fr u its  h a r v e s te d  from  

any o f the sp ra y  tr e a tm e n ts , T ab le  V. T he tr e a tm e n ts , g lyod in  at one  

quart (fu ll stren gth ) a s  co m p a red  to g lyod in  at one p int (h a lf stren gth ) p lu s  

fou r o u n ce s  o f Phygon, w e r e  d es ig n ed  w ith  the thought that a red u ction  in  

c o n cen tra tio n  o f g lyod in  from  one quart to one p in t and inclu d e o n e-fo u rth  

o f a pound o f Phygon w ould d e c r e a s e  the am ount o f r u s se t in g . T h is  did hold  

tru e  to so m e  ex ten t a s  the am ount o f h eavy  r u s se t in g  from  the u se  o f g lyod in  

at one quart w ith  the tr e e  e x p o sed  to a 31* F m in im um  a ir  tem p era tu re  for  

one n ight w as 96. 30 p e r c e n t a s  co m p a red  to 40 . 00  p e r ce n t fo r  the g ly o d in -  

Phygon trea tm en t. H ow ever, th er e  w a s  no co m p a ra b le  d e c r e a s e  in heavy  

r u s s e t in g  on the tr e e  e x p o sed  to 27 . 5*F m in im um  tem p era tu re  ev en  w h ere  

the red u ced  co n cen tra tio n  o f g lyod in  w a s u sed . A noth er o b serv a tio n  o f in ­

t e r e s t ,  although the fr u it s  e x p o sed  to the 31. 0 °F  tem p era tu re  w ere  h e a v ily  

r u sse te d , the r u s s e t in g  w a s m uch l e s s  h eavy  than w hen the ex p o su re  w as  

2 7 . 5 ° F . A lso , the h e a v ily  r u s se te d  fru it from  the g lyod in -P h ygon  tr e a t ­

m en t and e x p o sed  to 27. 5®F w e r e  m uch  l e s s  s e v e r e ly  r u s s e te d  than the 

fr u it s  from  the g ly od in  tr e a te d  p o r tio n  o f the tr e e . T h is  sa m e  o b se rv a tio n



w a s noted  o f the fru it on the tr e e  e x p o sed  to the fou r p e r io d s  o f fr e e z in g  

te m p e r a tu r e s  a lthough 100 p e r c e n t of the fr u its  from  both tr e a tm e n ts  w ere  

h e a v ily  r u s se te d .

T he tr e e  r e c e iv in g  the captan trea tm en t fo llo w in g  ex p o su r e  to four  

p e r io d s  below  32* F had 96 p e r ce n t h ea v ily  r u s se te d  fru it and 4 p e r ce n t  

lig h tly  r u s se te d . T h is  d o es  not com p are  w ith  24. 4 p e r c e n t of the fru it  

h e a v ily  r u s se te d  and 72. 9 p e r ce n t lig h tly  r u s se te d  rec o r d e d  for  the sa m e  

tr e a tm en t in 1956. H ow ever, on ly  th ree  p e r io d s  of a ir  tem p era tu re  below  

3 2 ° F w e re  r e c o r d e d  in 1956 (T ab le  I) and th e se  w ere  l e s s  s e v e r e  than the 

four m in im um  te m p e r a tu r e s  rec o r d e d  in 1957 (T ab le  VI).

T he ty p es  o f ligh t and heavy  r u s se t in g  that o c c u r r e d  on the Jonathan  

v a r ie ty  in 1957 a re  il lu s tr a te d  in F ig u re  5. The r u s s e t  p a ttern  on G olden  

D e lic io u s  in 1957 w as s im ila r  to that o c c u r r in g  in 1956, and p r e se n te d  in 

F ig u r e  3.

E x p er im en t 4. F u rth er  f ie ld  s tu d ie s  to d e term in e  the e f fe c t s  of fu n g ic id es  

and fr e e z in g  a ir  te m p e r a tu r e s  on fru it r u s se t in g .

T he tr e a tm e n ts  at the G raham  Station w e re  m ade on ly  in B locks I,

II and III and only  the v a r ie t ie s  M cIntosh  and Jonathan w ere  ev a lu a ted  for  

fru it r u s s e t in g  in 1957. T he fu n g ic id es  stu d ied  w ere  th iram , glyodin , and  

w etta b le  su lfu r  w ith  captan b e in g  u sed  in ea ch  b lock  a s  a co n tro l trea tm en t.



57.

F ig u r e  5. S am p les o f  r u s s e te d  Jonathan a p p les  o c c u r r in g  in E a st  L a n sin g  
s tu d ie s , 1957. T he fru it on the r ig h t i s  h e a v ily  r u sse te d , and the 
fru it on the le ft  i s  lig h tly  r u s se te d .



5 8 .

T h e data from  fiv e  o n e -b u sh e l sa m p le s  o f the r e p lic a te d  t r e e s  a r e  g iven  

in  T ab le  VII.

D u rin g  the e a r ly  m o rn in g  h ou rs of M ay 3, w hen the f lo w e r s  w ere  

at e a r ly  pink, a m in im u m  of 31. 5° F w as r e c o r d e d  n ea r  the te s t  p lo ts .

Tw o d ays la te r , w hen the b lo s s o m s  w e re  at fu ll pink, a m in im u m  te m p e r ­

a tu re  o f 31. 0 °F  w as e x p e r ie n c e d . D u rin g  p e ta l fa ll  on M ay 16, a th ird  

m in im u m  tem p era tu re  o f 31. 5° F w as r eco rd ed .

At h a r v e s t  t im e , when the sa m p le s  w ere  exam in ed , m uch m o re  

r u s se t in g  w as o b se r v e d  than w as p r e se n t  the p r e v io u s  y e a r  on the Jonathan  

and M cIntosh  v a r ie t ie s  (T ab le VIII).

T he quantity of h ea v ily  r u s se te d  Jonathan a p p les  h a r v e s te d  from  

the captan  tr e a tm en t in B lock I w as s ig n ifica n tly  h igh er , 21. 60 p ercen t, 

than the 12. 40 p e r c e n t for  the su lfu r  trea tm en t. H ow ever, the p lot r e c e iv ­

in g  the captan trea tm en t w as at a lo w er  e le v a t io n  than the o th er  te s t  p lo ts .  

T h e r e fo r e , it i s  r ea so n a b le  to a s su m e  that lo w er  te m p e r a tu r e s  m ay  have  

o c c u r r e d  in  th is  p lo t than w as e x p e r ie n c e d  in the o th er  tr e a tm e n ts  w hich  

cou ld  p erh a p s accou n t fo r  th is  h ig h er  p e r ce n ta g e  of h ea v ily  r u s s e te d  fr u its  

(21. 60  p ercen t) than o c c u r r e d  from  the u se  of captan in the o th er  b lo ck s,

17. 30 p e r ce n t and 12. 10 p e r c e n t .

The u se  of g lyod in  on Jonathan r e s u lte d  in 29. 50 p e r ce n t of the  

fru it h e a v ily  r u s s e te d  at h a r v e st  tim e , a s  com p a red  to 17. 30 p e r c e n t for
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the cap tan  tr e a tm e n t. T h is  d if fe re n c e  i s  s ig n ifica n t. It shou ld  be noted  

that th e d if fe r e n c e s  in  am ount o f h eavy  r u s se t in g  in B lock III, 12. 10 p e r ­

c en t fo r  th e captan  trea tm en t, a s  co m p a red  to 18. 00 p e r c e n t from  the u se  

o f th ira m , i s  a ls o  s ig n if ic a n t.

No s ig n if ic a n t d if fe r e n c e s  in e ith e r  lig h t o r  h eavy  r u s se t in g  w e re  

found b etw een  tr e a tm e n ts  m ad e on the M cIntosh  v a r ie ty  in 1957.

S in ce  the fu n g ic id es  u se d  through f ir s t  c o v er  w e r e  the sa m e  fo r  

the tr e a tm e n ts  in  the y e a r s  1956 and 1957 and the m eth od  o f a p p lica tio n  w a s  

the sa m e , th e data of fr u it  r u s s e t in g  w e re  ev a lu a ted  to d e term in e  if  the  

e f fe c t s  o f f r e e z in g  a ir  te m p e r a tu r e s  w e r e  s ig n if ic a n tly  d ifferen t fo r  the 

tw o s e a s o n s  under f ie ld  co n d itio n s . A s in g le  fr e e z in g  tem p era tu re  of 

30. 5 °F  o c c u r r e d  at e a r ly  p in k  in  1956, w h e r ea s  th re e  p e r io d s  o f te m p e r a ­

tu r e s  below  3 2 ° F w e re  r e c o r d e d  in  1957.

In e v e r y  c a s e  the p e r ce n ta g e  of both lig h t and h eavy  r u s se te d  

fr u it s  in  1957 w as h ig h er  than in  1956, w ith  the sa m e  trea tm en t (T ab le  VIII) 

and th e d if fe r e n c e s  w e r e  h igh ly  s ig n ifica n t, ex cep t fo r  the h eavy  r u s se t in g  

o f the th iram  trea tm en t. H ere  the v a r ia tio n  b etw een  t r e e s  w a s  g r e a te r  

than the d if fe re n c e  b etw een  the tr e a tm e n ts  m ad e in  1956 and 1957 so  no 

s ig n if ic a n c e  r e s u lte d  e v en  though the a v e ra g e  o f h ea v y  r u s se t in g  in  1957  

w a s h ig h er  than in  1956.
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In tera c tio n  o f the u se  o f c e r ta in  fu n g ic id e  c h e m ic a ls  and o c c u r r e n c e  o f  

f r e e z in g  a ir  te m p e r a tu r e s  n ea r  and d u rin g  b loom  on fru it r u s s e t in g  of 

G old en  D e lic io u s , Jonathan and M cIntosh  a p p les .

G raphic p r e se n ta t io n s  o f the in ter a c tio n  r e s u lt in g  from  the u se  of  

c e r ta in  fu n g ic id e s  and the o c c u r r e n c e  o f fr e e z in g  a ir  te m p er a tu r e s  (32° F 

and b elow ) n ea r  and d u rin g  bloom  a re  g iv en  in F ig u r e s  6 to 10.

G old en  D e lic io u s : In 1956 at the G raham  E x p erim en t Station, a

s in g le  r ec o r d e d  m in im um  a ir  tem p era tu re  o f 30. 5*F o c c u r r e d  when the  

b lo s s o m s  w e r e  in  the e a r ly  p ink  s ta g e . T he fu n g ic id es , captan, th iram , 

g lyod in  and captan fo llo w ed  by g lyod in  a fter  f ir s t  c o v er , w e r e  u sed  as  

the tr e a tm e n t sp r a y s  w ith  in s e c t ic id e s  u sed  u n ifo rm ly  throughout a ll  

tr e a tm e n ts . No s ig n ifica n t d if fe r e n c e s  w e r e  o b se r v e d  b etw een  n u m b ers  

of r u s se te d  fr u its  h a r v e s te d  from  the t r e e s  o f the fu n g ic id e  tr e a tm e n ts  

(F ig u r e  6). In th is  study, the sp ra y  m a te r ia ls  w e re  ap p lied  w ith  an a ir  

b la st a ttach m en t m ounted  on a h igh  p r e s s u r e  sp r a y er .

D u rin g  the sa m e  y e a r  in E a st L a n sin g  w h ere  g lyod in  and captan  

w e re  u sed  a s  h a lf - tr e e  tr e a tm e n ts  on the sa m e tr e e  and the tr e e  w as p r o ­

te c te d  from  fr e e z in g  a ir  te m p e r a tu r e s , no h eavy  r u s se t in g  o c c u r r e d  from  

the captan  trea tm en t, but 27 . 8 p e r ce n t of the fru it w as h ea v ily  r u se ted  

from  the g lyod in  trea tm en t. In th is  c a s e , a p p lica tio n s  w e re  m ade w ith an 

a d ju sta b le  n o z z le  hand gun.
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6 4 .

T he am ount o f fru it r u s s e t in g  on G olden  D e lic io u s  in the c o n tr o lle d  

tem p er a tu r e  s tu d ie s  and in  the f ie ld  s tu d ie s  c a r r ie d  on in  E a st L a n sin g  in 

1956 u s in g  the sa m e  sp ra y  c h e m ic a ls  i s  v e r y  s im ila r  (F ig u r e s  6 and 7).

It i s  a s su m e d  that the r e a so n  for  v e r y  l i t t le  r u s s e t in g  o f G old en  D e lic io u s  

from  the u se  o f g lyod in  in p lo ts  at the G raham  E x p er im en t S tation  w as r e ­

la ted  to the m eth od  o f a p p lica tio n  a s  w e ll a s  fr e e z in g  a ir  te m p e r a tu r e s .

It is  app arent that m ech a n ica l in ju ry  to the e p id e r m a l t is s u e  from  gun sp r a y ­

in g  m a k es  it  p o s s ib le  for  the g lyod in  or  a com ponent o f g lyod in  to p a s s  

through the e p id erm a l la y e r  and con tact the o u ter  c e l l s  of c o r t ic a l  t is s u e .  

T h is , in turn, m ay c a u se  p r o life r a tio n  o f the o u ter  c o r t ic a l  c e l l s  rup tu ring  

the e p id erm a l la y e r  (F ig u re  25). T he ep id erm a l c e l l s  ap p aren tly  w e re  not 

in ju red  from  a ir  b la st a p p lica tio n s  and thus the ep id erm a l c e l l s  fu n ction ed  

a s  a p r o te c t iv e  la y e r  a g a in st the ab so rp tio n  o f g lyod in .

T he r u s s e t in g  o f G olden D e lic io u s  a p p les  in 1957 w a s v e r y  s e v e r e  

(F ig u r e  7). H ow ever, a red u ctio n  o f r u s s e t in g  by d e c r e a s in g  the c o n c e n tr a ­

tio n  o f g lyod in  in the sp ray  m ix tu re  w a s o b se r v e d  w hen th e tr e e  w a s  e x ­

p o se d  to the 31.CTF m in im um  tem p er a tu r e . A lso , the e x p o su re  o f 27 , 5° F 

did not app ear to c a u se  any d iffe re n c e  in am ount o f r u s s e t in g  b etw een  t r e a t ­

m e n ts . T he fr u its  from  the g lyod in  and red u ced  stren g th  g lyod in  p lu s  

Phygon tr e a tm e n ts  fo llo w in g  ex p o su r e  to four p e r io d s  of fr e e z in g  te m p e r a ­

tu r e s  w e re  100 p e r ce n t s e v e r e ly  r u s se te d . E ven  the captan  trea tm en t
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6 6 .

e x p o se d  to th e se  four p e r io d s  o f fr e e z in g  a ir  te m p e r a tu r e s  had 96 p e r c e n t  

h e a v ily  r u s s e te d  fru it . It w as o b se r v e d  in a ll  tr e a tm e n ts , h ow ev er, that 

the h e a v ily  r u s s e te d  fru it from  the red u ced  stren g th  g lyod in  p lu s  Phygon  

tr e a tm en t w e re  l e s s  s e v e r e ly  r u s se te d  than th e fru it r e c e iv in g  fu ll s tren g th  

glyod in .

In co m p a r in g  the g lyod in  tr e a tm e n ts  in the c o n tr o lle d  te m p era tu re  

s tu d ie s  o f 1956 w ith the sa m e  trea tm en t in 1957 and w ith  the two captan  

tr e a tm e n ts  (F ig u re  7), it is  v e r y  ev id en t that th e am ount of heavy  r u s s e t ­

in g  w as g r e a te r  in 1957 than in 1956. A lso , the r e c o r d e d  m in im um  te m ­

p e r a tu r e s  in 1957 w e re  lo w er , 27. 5°, 30. 5°, 31. 5® and 30. 5 °F  than in  

1956, 31. 7% 31. 5° and 28° F (T a b le s  I and VI), and they o c c u r r e d  p r io r  

to bloom  in 1957 (T ab le  VI), w h erea s  the 28 . 0 °F  low  rec o r d e d  in 1956 w as  

a fter  b loom  (T ab le  I).

Jonathan: A c o m p a r iso n  o f the f ie ld  s tu d ie s  w ith  th o se  con d u cted

under c o n tr o lle d  co n d itio n s (F ig u r e s  8 and 9) show ed  that a s  the h o u rs of 

fr e e z in g  te m p e r a tu r e s  in c r e a se d , th e am ount of r u s s e t in g  in c r e a s e d  c o r r e s ­

p on din gly . N e v e r th e le s s , the am ount o f h ea v y  fru it r u s s e t in g  o b se r v e d  in  

1957 in both the f ie ld  s tu d ie s  and th o se  under c o n tr o lle d  co n d itio n s w hen  

fr e e z in g  te m p e r a tu r e s  o c c u r r e d  n ea r  bloom  w as c o n s id e r a b ly  l e s s  from  

the u se  of captan than from  the u se  of g lyod in .

A g r e a te r  p e r ce n ta g e  of r u s se te d  fr u its  r e su lte d  under the m o re
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6 9 .

s e v e r e  fr e e z in g  te m p e r a tu r e s  of the c o n tr o lle d  s tu d ie s  than w as o b se r v e d  

in the f ie ld  s tu d ie s . H ere  again , it should  a ls o  be n oted  that the f ie ld  a p ­

p lic a t io n s  w ere  m ad e w ith  an a ir -b la s t  sp r a y er , w h ile  the a p p lica tio n s  in 

the c o n tr o lle d  te m p er a tu r e  s tu d ie s  w e re  m ad e w ith  an a d ju sta b le  n o z z le  

hand gun.

M cIntosh: F ru it r u s se t in g , in g e n e ra l, on the M cIn tosh  v a r ie ty

(F ig u r e  10) w as l e s s  than on the o th er  v a r ie t ie s  fo r  the sa m e fu n g ic id e  

tr e a tm e n ts  and w ea th er  co n d itio n s, and no r e s u lt s  w e re  s ig n if ic a n tly  d if ­

fe r en t. H ow ever, it w as o b se r v e d  that the la r g e r  nu m ber o f f r e e z in g  a ir  

tem p era tu re  p e r io d s  n ea r  fu ll b loom  in 1957 in c r e a s e d  the am ount of  

both ligh t and h eavy  r u s s e t in g  in a ll  tr e a tm e n ts  o v e r  that found in 1956  

(T ab le  VIII).
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7 1 .

H is to lo g ic a l In v estig a tio n s

E x p er im en t 5. H is to lo g ic a l in v e s t ig a tio n s  to study the d ev e lo p m en t of the 

p r o te c t iv e  la y e r s  o f G olden D e lic io u s , Jonathan, and M cIn tosh  w ith  sp e c ia l  

atten tio n  g iv en  to the c u t ic le  and to study the o r ig in  and grow th  o f r u s se te d  

t i s s u e s  o f the fru it.

The r e c e p ta c u la r  p o rtio n  o f f lo w e r s  b e fo re  b loom  and the d e v e lo p ­

in g  fr u it s  a fter  bloom  of G olden D e lic io u s , Jonathan and M cIntosh  a p p les  

w e r e  ex a m in ed  m ic r o s c o p ic a lly  to study the d ev e lo p m en t o f the e p id e r m a l  

la y e r  and the fo rm a tio n  o f c u t ic le . S e r ia l s e c t io n s  of k illed  and fix ed  

m a te r ia l w e r e  ex a m in ed  from  the s ta g e s  of fu ll b loom  to m a tu r ity . S e c ­

tio n s  o f fr o z e n  m a te r ia l w e re  ex a m in ed  from  th e  p r e -p in k  sta g e  to p e ta l 

fa ll . T he d ev elop m en t of the p r o te c t iv e  la y e r s  of G olden  D e lic io u s  is  

i l lu s tr a te d  in F ig u r e s  11 through 17. A s no app arent d if fe r e n c e s  co u ld  be 

o b se r v e d  b etw een  the d ev e lo p in g  c e l l s  and t i s s u e s  of the th re e  v a r ie t ie s  

u n til a p p ro x im a te ly  30 d ays a fter  fu ll b loom , the i l lu s tr a t io n s  o f the G olden  

D e lic io u s , F ig u r e s  11 through 15, r e p r e s e n t  a lso  the M cIntosh  and Jonathan.

A s the f lo w e r s  e m e r g e  from  the w in ter  bud and when the f lo r a l  

r e c e p ta c le  b eca m e  f ir s t  e x p o sed  to en v iro n m en ta l co n d itio n s at the tim e  of 

p r e -p in k , the r e c e p ta c le  w as c o v e r e d  w ith  what a p p ea rs  to be a d en se  m at 

o f tr ic h o m e s . M ic r o sc o p ic  ex a m in a tio n  o f the th ree  v a r ie t ie s  r e v e a le d  that
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F ig u re  12. T r a n s v e r s e -s e c t io n  of the flo w er  r e c e p ta c le  of G olden
D e lic io u s  at fu ll bloom  show ing a b sen ce  o f c u tic le  on the fru it  
su r fa ce  (X 350).

F ig u re  13. T r a n s v e r s e - s e c t io n  o f the fru it of G olden D e lic io u s  at 
p eta l fa ll show ing  the e a r l ie s t  d ep osit o f c u tic le  o c cu rr in g  
at the b ase  of the tr ich o m e. T he o u ter  c o r t ic a l c e l l s  a re  
s ta r tin g  to show th ick en in g  of the c e l l  w a lls  (X350)^

F ig u re  14. T r a n s v e r s e -s e c t io n  of the fru it o f G olden D e lic io u s , sev en  
days a fter  p e ta l fa ll ( f ir s t  co v er ) show ing  d ep o sit o f c u t ic le  at 
the b a se  of the tr ich o m e and a co m p le te  c u tic le  on the fru it  
su r fa ce  (X 350).
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F ig u re  15. T r a n s v e r s e - s e c t io n  of the fru it of G olden D e lic io u s , th ree  
■weeks a fter  fu ll b loom  (secon d  co v er) show ing the r e s u lt s  of 
the s lou gh in g  off of a tr ich o m e and the c o m p le te n e s s  of a c u tic le  
on the fru it su r fa ce  (X 350).

F ig u re  16. T r a n s v e r s e -s e c t io n  of the fru it of G olden D e lic io u s , two 
m onths a fter  fu ll bloom  show ing sep a ra tio n  o f the ep id erm a l 
c e l l s  and the form a tio n  of cu ticu la r  p e g s  (X 350).

F ig u re  17. T r a n s v e r s e - s e c t io n  o f the fru it o f G olden D e lic io u s  at
m a tu rity  show ing  ir re g u la r  c u tic le , in d istin g u ish a b le  ep id erm al 
la y er  and c e l l  sep a ra tio n  o f ou ter c o r t ic a l c e l l s  w ith  c u tic le  
f il l in g  th e se  gaps (X 350).





75 .

the a c tu a l n u m b ers o f m o d ified  e p id e r m a l c e l l s  fo rm in g  the tr ic h o m e s  w ere  

r e la t iv e ly  few . B ecau se  th ey  w ere  v e r y  lon g  and entangled , th e se  lon g  u n i­

c e llu la r  tr ic h o m e s  fo rm ed  a m a tted  m a s s  that c o v er e d  the r e c e p ta c le . The  

e p id e r m a l la y e r  at th is  s ta g e  c o n s is te d  o f r a d ia lly  e lon gated , d en se ly  packed, 

b r ic k -sh a p e d  c e l l s .  T he d im en sio n s  o f th e se  c e l l s  fo r  the th ree  v a r ie t ie s  

w e re  3. 6 to 5. 4 m ic r o n s  ta n g en tia lly , and 7. 2 to  10. 8 m ic r o n s  ra d ia lly .

At the t im e  of p re -p in k , no c u tic le  w as ev id en t on the ou ter  s u r ­

fa c e  o f  the e p id e r m a l c e l l  w a lls . H ow ever, exam in ation  o f the Sudan IV 

sta in ed  s e c t io n s  o f fr o z e n  m a te r ia l r e v e a le d  that so m e  oran ge sta in  w as  

p r e se n t w ith in  the o u ter  c e l l  w a ll of so m e ep id erm a l c e l l s .  A cco rd in g  to 

Johansen (27), w a x es  and o th er  fa tty  m a te r ia ls  sta in  a dull red  w ith Sudan 

IV. T he s ta in e d  p o r tio n  se e m e d  to be a rran ged  a s  ra d ia l bands w ith in  the 

c e l l  w a ll o f the e x p o sed  p o rtio n  o f the c e l l .  M any c e l l s  w ere  not sta in ed  

at a ll . T h e re  s e e m e d  to be no s p e c if ic  p a ttern  a s  to w h ere  the c e l l s  that 

w e re  r e c e p tiv e  to s ta in  w e r e  lo ca ted  on the flo w er  r e c e p ta c le . T he Jonathan 

f lo r a l r e c e p ta c le s  ex h ib ited  the d ee p e st  sta in  in the ep id erm a l c e l l  w a lls .

T he e p id erm a l c e l l s  o f the M cIntosh  sta in ed  som ew h at lig h te r . T he G olden  

D e lic io u s  w a s o b se r v e d  to h ave on ly  an o c c a s io n a l ex p o sed  w a ll o f an 

ep id erm a l c e l l  w ith  a s lig h t  oran ge tin ge .

A s the f lo w e r s  contin ued  to d evelop  to fu ll b loom , the in ten sity  of  

the Sudan IV sta in  in c r e a s e d  fo r  a ll v a r ie t ie s ,  but continued to be w ith in  the



76 .

e x p o se d  'wall o f e p id e r m a l c e l l s .  At the p ink  s ta g e  the oran ge sta in  ap p eared  

to be m o s t  in ten se  in  the e p id erm a l c e l l  w a lls  o f the G olden D e lic io u s .

N e a r ly  a l l  o f the o u ter  w a lls  o f the ep id erm a l la y e r  of the th ree  v a r ie t ie s  

show ed  so m e  d e g r ee  o f in te n s ity  o f oran ge sta in , although so m e a r e a s  in 

the e x p o sed  w a ll o f so m e  c e l l s  w e r e  not sta in ed .

T he in te n s ity  o f oran ge  sta in  continued  to in c r e a se  w ithin the e x ­

p o se d  c e l l  w a lls  o f the f lo r a l r e c e p ta c le  a s  the f lo w e r s  continued to approach  

fu ll b loom , and at fu ll b loom , a ll th e ex p o sed  c e l l  w a lls  o f the r ec e p ta c le  of 

the f lo w e r s  of the th re e  v a r ie t ie s  w e re  c le a r ly  sta in ed  by the Sudan IV. A 

deep oran ge s ta in  w as o b se r v e d  at the b a se  of the tr ic h o m e s  extend in g  from  

the ep id erm a l la y e r  a s  il lu s tr a te d  by F ig u r e  11. Upon c lo s e  exam in ation , 

so m e e x te r n a lly  s ta in ed  m a te r ia l could  be o b se rv e d  a ccu m u la tin g  in the 

c a v it ie s  b etw een  c e r ta in  tr ic h o m e s  and the ad jo in in g  ep id erm a l c e l l s .  T h is  

w as e s p e c ia l ly  tru e  w ith  th e M cIntosh  v a r ie ty , w h ile  only an o c ca s io n a l  

d ep o sit o f th is  nature w a s  o b se r v e d  for  the Jonathan and G olden D e lic io u s  

v a r ie t ie s .  An o c c a s io n a l tr ich o m e  of the M cIntosh  w as d is lo d g ed  during  

the se c t io n in g  p r o c e s s  and in e v e r y  c a se , a sm a ll, v ery  thin, h ea v ily  sta in ed  

film  w as a ttach ed  to the b a se  of the tr ich o m e , in d ica tin g  that an ex tern a l  

d ep o sit of c u t ic le  w as p r e se n t . No s im ila r  d ep o sit w as o b se rv e d  on the d is ­

lodged  tr ic h o m e s  o f the v a r ie t ie s  Jonathan and G olden D e lic io u s .

No ex te rn a l c u t ic le  cou ld  be o b se r v e d  on the s e r ia l  s e c t io n s  of
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p erm a n en t p r e p a r a tio n s  (F ig u re  12) m ad e o f the th ree  v a r ie t ie s  at th is  

s ta g e . T h is  cou ld  be due to the p o s s ib le  so lu b ility  o f th is  e a r ly  d ep o sit  

of c u t ic le  in  the m a te r ia ls  u sed  fo r  p r e p a r in g  th e se  p erm an en t se c t io n s ,  

such  a s  the e th y l a lco h o l and x y le n e . A pple c u tic le  in  la te r  s ta g e s  has  

b een  c o n s id e r e d  to be in so lu b le  in  m o s t  o rg a n ic  so lv e n ts  (7).

At p e ta l fa ll , th re e  to s ix  d ays a fter  fu ll b loom , depending upon 

the v a r ie ty , a d is t in c t  c u t ic le  w as ev id en t at the b a se  o f the ep id erm a l 

h a ir s  (F ig u re  13) of p r e p a r ed  s e c t io n s  o f the fru it. H ow ever, no c u tic le  

cou ld  be d e te c ted  on the su r fa c e  of the ep id erm a l c e l l s  ex cep t that d e ­

p o s ite d  around the b a se  o f the tr ic h o m e s . E xam in ation  o f the fr o z e n  

m a te r ia l s ta in ed  w ith  Sudan IV r e v e a le d  that a c u tic le  w as p r e se n t  in  

oth er  a r e a s  a s  w e ll a s  the b a se  o f the tr ic h o m e s . T he d ep o sit w as not 

contin uous o v e r  the e n tir e  su r fa ce  o f the fru it and w as l e s s  than one m ic r o n  

th ick  in  the a r e a  o f  the h e a v ie s t  d ep o s it.

T he d e n se  m a t of tr ic h o m e s  w a s  s t i l l  p r e se n t  on the fru it at the  

p eta l fa l l  s ta g e . T he ep id e r m a l la y e r  of a ll  th ree  v a r ie t ie s  s t i l l  c o n s is te d  

o f tig h tly  p ack ed , r a d ia lly  e lo n g a ted  c e l l s  w ith v e r y  d en se  cy to p la sm . At 

th is  sta g e  the ou ter  c o r t ic a l  la y e r  o f c e l l s  ap p eared  to show s ig n s  o f d if­

fe r e n tia t in g  into a t is s u e  som ew h at d ifferen t from  the o th er  c o r t ic a l c e l l s  

(F ig u re  13). T he c e l l  w a lls  o f th is  la y e r  a ls o  ap p eared  th ick er  than in n er  

c o r t ic a l  c e l l s  and so m e  p e r ic l in a l  d iv is io n  of c e l l s  w a s ev id en t.



A s the fru it con tin u ed  to d evelop , m o re  c u t ic le  w as d ep o sited  on 

the su r fa c e  of the e p id e r m a l la y e r  and by sev e n  days a fter  p e ta l fa ll, 

c o n s id e r e d  a s  the t im e  o f f ir s t  co v er , the d ep osit o f c u tic le  w as co m p lete  

and the o u ter  w a lls  o f the ep id erm a l c e l l s  w e r e  c o v er e d  w ith a w axy c o a t­

in g  (F ig u r e  14). T h is  w as true o f the Jonathan, G olden D e lic io u s  and  

M cIntosh  v a r ie t ie s .  T he c u tic le  w as o b se rv e d  to have f i l le d  in around the 

b a se  of the tr ic h o m e s  so that the tr ic h o m e s  app ear to be sep a ra ted  from  

the e p id e r m a l la y e r . The ep id erm a l c e l l s  w ere  s im ila r  to the d escr ip tio n  

g iven  for  p e ta l fa ll  and the ou ter c o r t ic a l c e l l s  had b eco m e in c r ea s in g ly  

d en se , the c e l l  w a lls  had th ick en ed , and th ere  w as ev id en ce  of both a n tic lin a l  

and p e r ic l in a l  d iv is io n s .

T h ree  w e ek s  a fter  fu ll b loom , m any of the tr ic h o m e s  had s lou gh ed  

off due to the d ep o s it  of c u t ic le  a t th e ir  b a s e s  (F ig u re  15). T he ep id erm a l  

la y e r  of the fr u its  of a ll  th ree  v a r ie t ie s  w as s im ila r  to the d e scr ip tio n  

p r e v io u s ly  g iven , ( i l lu s tr a te d  by F ig u r e s  15, 19 and 22) and no d if fe r e n c e s  

could  be o b se r v e d  b etw een  v a r ie t ie s .  T he d istin g u ish a b le  ou ter  c o r t ic a l  

la y e r  had in c r e a s e d  one to th ree  c e l l s  in  th ick n e ss  and the c e l l  cy top lasm  

rem a in ed  quite d en se  and the c e l l  w a lls  th ick .

At a p p ro x im a te ly  30 days a fte r  fu ll b loom , the c e l l s  of the ep id erm a l 

la y e r  of the G old en  D e lic io u s  ap p eared  to be sep a ra tin g  w ith cu ticu la r  p e g s  

or  e x te n s io n s  d ev e lo p in g  b etw een  the a n tic lin a l c e l l  w a lls . A s the fru it
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con tin u ed  to grow , the s e p a r a t io n s  b eca m e  m o re  ev id en t (F ig u re  16), and  

by m a tu r ity  m an y c e l l s  or  grou p s of c e l l s  ap p eared  in  c r o s s - s e c t io n  to be 

c o m p le te ly  su sp en d ed  in the c u t ic le  w ith the c u tic le  in con tact w ith the 

su b -e p id e r m a l c e l l s  of the ou ter  c o r te x  (F ig u re  17).

By co m p a r iso n , the ep id erm a l c e l l s  of the M cIntosh app eared  i s o -  

d ia m etr ic  until about s ix  w eek s  a fte r  fu ll b loom , when th ey  w ere  found to 

be s tr e tc h e d  and fla tten ed  in c r o s s - s e c t io n  (F ig u re  19). H ow ever, at 

m a tu r ity  (F ig u re  20) the c e l l s  of the ep id erm a l la y er  w ere  s t i l l  in tact and 

the la y e r  c o m p le te , ev en  though so m e  cu ticu la r  fla n g es  w ere  o b serv ed  to 

extend  p a r t ia l ly  b etw een  the a n tic lin a l c e l l  w a lls  o f som e ep id erm a l c e l l s .

The ou ter  c o r t ic a l  c e l l s  of the M cIntosh  fru it w ere  v e r y  d en se  and had v e r y  

th ick  c e l l  w a lls . T he num ber of c e l l s  in th is  la y e r  v a r ied  c o n s id e ra b ly  

from  one a r e a  to an oth er.

T h e d ev e lo p m en t of the ep id erm a l la y e r  o f Jonathan w as found to 

be m o re  s im ila r  to the G old en  D e lic io u s  than the M cIntosh, but the p r e se n c e  

of c u tic le  w ith in  and below  th is  c e l l  la y e r  w a s not a s  e x te n s iv e  a s  fo r  the  

G olden D e lic io u s  (F ig u r e s  22 and 23). T he ou ter  c o r t ic a l la y e r  of c e l l s  w as  

m o re  in tact than in G olden  D e lic io u s , s im ila r  to the M cIntosh . T he o u ter  

c o r t ic a l c e l l s  w e r e  sm a ll, v e r y  d en se  and th ick -w a lled .

A r e la t iv e  c o m p a r iso n  o f the d evelop m en t o f c u tic le  of the th ree  

v a r ie t ie s ,  M cIntosh, Jonathan and G old en  D e lic io u s , is  illu s tr a te d  in F ig u re  24.



F ig u re  18. T r a n s v e r s e -s e c t io n  of the fru it of M cIntosh, th ree  w eek s  
a fter  fu ll bloom  (secon d  co v er) show ing the a r ea  w h ere  a t r i ­
chom e had sloughed  off, the com p lete  c u tic le  and reg u la r  e p i­
d erm al la y e r  (X 350).

F ig u re  19. T r a n s v e r s e -s e c t io n  of the fru it o f M cIntosh, two m onths  
a fter  fu ll bloom  show ing a v e r y  reg u la r  ep id erm a l la y e r  w ith  
only slig h t ind en tation s betw een  c e l l s  that have been  f i l le d - in  
with c u tic le  (X 350).

F ig u re  20. T r a n s v e r s e -s e c t io n  of the fru it of M cIntosh at m atu rity
show ing the v e r y  reg u la r  ep id erm a l la y e r  w ith only s lig h t in ­
dentations betw een  c e l l s  that have been  f i l le d - in  w ith  c u tic le  
(X 350).





F ig u re  21. T r a n s v e r s e -s e c t io n  of the fru it of Jonathan, th ree  w eek s
a fter  fu ll bloom  (secon d  co v er) show ing tr ich o m e b eing  sloughed  
off, co m p lete  c u tic le  and reg u la r  ep id erm a l la y e r  (X 350).

F ig u r e  22. T r a n s v e r s e -s e c t io n  of the fru it o f Jonathan, two m onths 
a fter  full bloom  show ing so m e ev id en ce  of c e l l  sep a ra tio n  of 
the ep id erm a l la y er  and the form ation  o f cu ticu la r  p e g s  in  
th ese  b reak s (X 350).

F ig u re  23. T r a n s v e r s e -s e c t io n  of the fru it o f Jonathan at m a tu rity  sh ow ­
ing s lig h t sep a ra tio n  o f c e l l s  of the ep id erm a l la y e r  w ith  c u tic le  
f il lin g  in th e se  a r e a s  (X 350).
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T h e  th ic k n e ss  o f th e c u t ic le  fo r  e a c h  tim e  o f o b se rv a tio n  fo r  e a ch  v a r ie ty  

i s  th e a v e r a g e  o f ten  m e a s u r e m e n ts . T he m e a su r e m e n ts  w e r e  taken  from  

the e x tr e m ity  o f the o u ter  e p id e r m a l c e l l  w a ll to the o u ter  p o r tio n  o f the  

c u t ic le  and did not in c lu d e  the c u tic u la r  p en e tra tio n  o f the ep id erm a l or  

o u ter  c o r t ic a l  la y e r s .  M ea su r e m en ts  e a r l ie r  than two w eek s  a fter  fu ll 

bloom  (se c o n d  c o v er ) w e r e  c o n s id e r e d  u n d esira b le  a s  the c u tic le  w as in ­

c o m p le te  u n til th is  tim e , and the r e la t iv e ly  th in  a r e a s  that cou ld  be o b se r v e d  

and m e a su r e d  w e r e  on ly  in  is o la te d  p a tch es .

H is to lo g ic a l s tu d ie s  o f G old en  D e lic io u s  a p p les  from  the H o r ti­

c u ltu ra l fa rm , E a st  L an sin g , in  1956 sp ra y ed  w ith  g lyod in  have r e v e a le d  

why r u s s e t in g  in th is  v a r ie ty  m ay  r e s u lt  from  a g ly o d in -fr e e z in g  te m p e r a ­

tu re  in te r r e la t io n sh ip . F ig u r e s  25 through 28 a r e  p h o to m icro g ra p h s i l l u s ­

tr a tin g  th is  r u s s e t  fo rm a tio n .

T he f ir s t  e v id e n c e  o f  r u s s e t  on G olden  D e lic io u s  a p p le s  co u ld  be  

o b se r v e d  w ith  the a id  o f  a  hand le n s e  a p p ro x im a te ly  s ix  w e ek s  a fte r  fu ll  

b lo o m . S h ortly  th e r e a fte r  it cou ld  b e s e e n  w ith  the un aided  e y e  and a p p ea red  

a s  sm a ll, ir r e g u la r , brow n, s c a ly  sp o ts , s c a t te r e d  on the fru it su r fa c e .

A s  the fr u it  m atu red , th e s e  sp o ts  in c r e a s e d  in  both s iz e  and ir r e g u la r ity .

At the t im e  o f h a r v e s t , s c a le s  w e r e  e a s i ly  d is lo d g ed  from  the r u s s e te d  

a r e a s .

In s tu d ie s  o f the p r e p a r ed  h is to lo g ic a l s e c t io n s  of r u s s e te d  t i s s u e s ,
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F igu re  25. T r a n s v e r s e -s e c t io n  of the fru it o f G olden D e lic io u s  th ree  
w eek s a fter  fu ll bloom  (seco n d  co v er) show ing f ir s t  s ig n s  of 
p r o lifer a tio n  of su b -ep id erm a l c e l l s  (X 350).

F igu re  26. T r a n s v e r s e -s e c t io n  of the fru it of G olden D e lic io u s  four  
w eek s a fter  fu ll bloom  show ing rupture of the c u tic le  and 
ep id erm al la y er  due to p r o lifer a tio n  o f the su b -ep id erm a l  
c e l l s  (X 350).
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th e f i r s t  a b n o rm a lity  o f the e p id e r m a l la y e r  of the G olden D e lic io u s  w as  

o b s e r v e d  m ic r o s c o p ic a l ly  a p p ro x im a te ly  four w eek s  a fter  fu ll b loom . It 

a p p ea red  a s  a ru p tu re o f  tw o e p id e r m a l c e l l s  and c u tic le  ap p aren tly  ca u sed  

by p r o life r a t io n  o f o u ter  c o r t ic a l  c e l l s  d ir e c t ly  beneath  the ruptured  c e l l s  

(F ig u r e  26). No c u t ic le  cou ld  be o b se r v e d  on the n ew ly  ex p o sed  su r fa c e s  

of the rup tu red  c e l l s .  In m an y a r e a s  th ere  w e re  n u m erou s b rea k s in  the 

ep id e r m a l la y e r , w ith  ru p tu res  o c c u r r in g  at in te r v a ls  of f iv e  o r  s ix  c e l l s .  

In e v e r y  in sta n ce  the b rea k s  a p p eared  a s  a f is s u r e  of two ep id erm a l c e l l s  

c a u se d  by p r o life r a t io n  o f the o u ter  c o r t ic a l c e l l s  d ir e c t ly  under the e p i­

d e r m a l la y e r .

E x a m in a tio n  of sa m p le s  c o lle c te d  th r e e  w eek s  a fte r  fu ll b loom  

(se c o n d  c o v er ) r e v e a le d  so m e  sm a ll  a r e a s  o f su b -ep id e rm a l c e l l  p r o l i f e r ­

a tion  (F ig u r e  25) but no b rea k  in  the e p id e r m is  and c u tic le  w as found.

T h e p r o life r a t io n  o f c e l l s  had c a u se d  on ly  a s lig h t r i s e  o f the e p id erm a l 

la y e r  and c u t ic le  o f the fru it .

At s ix  w e e k s  a fte r  fu ll b loom  m o re  p r o life r a t io n  o f su b -ep id e rm a l  

c e l l s  w as o b se r v e d  and qu ite s ig n ifica n t ruptured  a r e a s  o f the fru it su r fa c e  

w e r e  n o tice a b le  in  c r o s s - s e c t io n  (F ig u re  27 ). T he c e l l s  n ea r  the ou ter  

p o r tio n s  o f the f i s s u r e  had b eco m e  som ew h at cru sh ed , and c o lla p s e  of 

th e s e  c e l l s  w a s  ev id en t.



F igu re  27. T r a n s v e r s e -s e c t io n  of the fru it of G olden D e lic io u s  s ix  w eek s  
a fter  fu ll b loom , show ing su b -ep id erm a l c e ll  p r o life r a tio n  and 
fu rther en largem en t of the r u s se t  le s io n  (X 350).

F ig u re  28. T r a n s v e r s e -s e c t io n  of the fru it of G olden D e lic io u s  at
m atu rity  show ing the la rg e  m a ss  of r u s s e t  t is s u e  fo rm ed  from  
a m e r is te m a t ic  la y e r  of c e l l s  (phellogen) below  the r u s se te d  
a rea  (X 350).
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A s the fru it con tin ued  to e n la r g e , the ruptured  a r e a s  en la rg ed  

a ls o , and the c e l l s  f i l l in g  the ruptured  a r e a s  w e re  sm a ll and b r ic k -sh a p ed  

w h ich  a r e  c h a r a c te r is t ic  of m e r is te m a t ic  c e l l s .  The c o v e r in g  of the 

r u s s e te d  a r e a s  c o n s is t e d  o f la r g e  m a s s e s  o f h e a v ily  sta in ed , cru sh ed  

c e l l s  w h ich  had b een  ru p tu red  and cru sh ed  by the d iv id in g  c e l l s  beneath  

th em .

At m a tu rity , a w e ll d efin ed  m e r is te m a t ic  la y e r  of c e l l s  w as o b ­

se r v e d  below  the r u s s e te d  a r e a s  (F ig u re  28). T h is  m e r is te m a t ic  la y e r  

a p p ea red  to have d ev e lo p ed  new c e l l s  c en tr ifu g a lly  in a m an n er s im ila r  

to p h e llem  fo rm a tio n  o f w oody s te m s . G reat m a s s e s  o f c ru sh ed  c e l l s  w e re  

p r e se n t  in  t r a n s v e r s e - s e c t io n  above the r u s se te d  a r e a s , w h ich  prob ab ly  

w e r e  the s c a le s  o b se r v e d  m a c r o sc o p ic a lly  on the fru it su r fa ce  in  th e se  

r u s s e te d  a r e a s .

T h e r e s u lt s  o f the f ie ld  s tu d ie s  to ev a lu a te  the r o le  of the tr i-  

ch o m e s  in fru it r u s se t in g  in d ica ted  that in ju ry  to the tr ic h o m e s , ev en  to  

th e ir  rem o v a l, did not p ro m o te  r u s se t in g , b e c a u se  no r u s s e t in g  w as o b ­

se r v e d  at m a tu r ity  on the fru it o f any trea tm en t of e ith e r  v a r ie ty .
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DISCUSSION

E a r lie r  in v e s t ig a t io n s  o f apple fru it r u s se t in g  have in d ica ted  that 

e ith e r  sp ra y  c h e m ic a ls  (1, 11, 15, 18, 24, 43, 47, 52, 63) o r  fr e e z in g  te m p e r a ­

tu r e s  (1, 9, 11, 14, 15, 16, 20, 26, 29, 53, 55) had ca u sed  th is  in jury. R ecen t 

r e p o r ts  (36, 37, 38, 39, 48) have su g g e ste d  the p o s s ib il i ty  o f s lig h t co ld  in ­

ju ry  to the e p id e r m a l c e l l s  o f the fru it when the a ir  tem p era tu re  dropped  

to 32*>,F o r  lo w er  n ea r  or  du ring  the p er io d  o f fu ll b loom . T h is  s ligh t  

c o ld  injury, in  turn, w as in c r e a s e d  to s e v e r e  in jury in the form  of r u s s e t ­

in g  by the u se  o f c e r ta in  p e s t ic id e s  a fter  the o c cu rr e n c e  of the fr e e z in g  

tem p er a tu r e . T h e re  w as a ls o  an in d ica tion  that no r u s se t in g  o f the fru it  

o c c u r r e d  from  the u se  o f the sa m e  p e s t ic id e  c h e m ic a ls  in s e a s o n s  w hen  

the a ir  te m p era tu re  rem a in ed  above 32® F (36).

S in ce  the fr u it  of the G old en  D e lic io u s  and Jonathan v a r ie t ie s  have  

b een  r ep o rted  v e r y  s e n s it iv e  to both p e s t ic id e  c h e m ic a l and fr e e z in g  t e m ­

p e r a tu r e s  (21, 24, 34, 38, 40, 46, 54, 55), th is  in v e s tig a tio n  w as in itia ted  to  

d eterm in e  the re la tio n sh ip  b etw een  the in ju ry  from  fr e e z in g  te m p e r a tu r e s  

and the u se  of c e r ta in  p e s t ic id e  c h e m ic a ls  on fru it r u sse t in g . T he fru it  

of the M cIntosh  h a s  b een  rep o rted  (24, 29, 35, 38) to be l e s s  s e n s it iv e  to  

in ju ry  from  th e s e  two fa c to r s  and thus, w as inclu ded  in th is  study in the  

hope o f e s ta b lis h in g  a p o s s ib le  r e a so n  for  th e se  rep o rted  d if fe r e n c e s  of



r u s s e t in g  b etw een  v a r ie t ie s  a s  a ffec te d  by c h e m ic a ls  o r  f r e e z in g  te m p e r a ­

tu r e s .

It h a s b een  p r e v io u s ly  rep o r ted  (38) that the u se  o f g lyod in  on 

G old en  D e lic io u s  d u rin g  the p e r io d  "pre-p ink" through " secon d  cover"  

r e s u lte d  in  an e x c e s s iv e  num ber o f r u s se te d  fr u its  ev en  in s e a so n s  when  

the a ir  tem p er a tu r e  r em a in e d  above 32® F . It w as a ls o  r ep o rted  (37) 

that in  so m e  y e a r s  e v en  though captan w as the on ly  fu n g ic id e  u sed  th rou gh ­

out the s e a so n , r u s s e t in g  o c c u r r e d  on G olden D e lic io u s . T h is  happened in  

th o se  s e a s o n s  that had a ir  te m p er a tu r e s  below  32® F e ith e r  ju st b efo re  or  

ju st a fte r  fu ll b lo o m . T h e r u s se t in g  w as thought to be the r e s u lt  of co ld  

in ju ry  to the fru it and not to the u se  o f captan . U nder the c o n tr o lle d  te m ­

p e r a tu r e  co n d itio n s  o f E x p erim en t 1, it  w a s found that the u se  o f captan  

on the tr e e  p r o te c te d  from  fr e e z in g  te m p er a tu r e s , r e su lte d  in  no h ea v ily  

r u s s e te d  fru it . H ow ever, on the tr e e  e x p o sed  to te m p er a tu r e s  o f 31. 7®, 

31. 5° and 28. 0 °F , 23 . 7 p e r c e n t o f the fru it w e r e  h e a v ily  r u s s e te d  (T a b le s  

1 and II). T h e se  fin d in g s  w ould  ap p ear to su b sta n tia te  the p r e m is e  that 

fr e e z in g  te m p e r a tu r e s  n ea r  b loom  co u ld  c a u se  r u s se t in g  on G olden  D e li­

c io u s .

T he r e s u lt s  o f E x p erim en t 1 tend to r ev e a l so m e  o f the fa c to r s  

r e s p o n s ib le  fo r  fru it r u s s e t in g  of G olden D e lic io u s . A s  a ll tr e a tm e n ts  

w e r e  m ad e on h a lf - t r e e s ,  the en v iron m en ta l con d ition s w e re  a s  s im ila r



a s  p o s s ib le  b etw een  tr e a tm e n ts . The h a lf - tr e e  tr e a tm e n ts  w ould  a ls o  tend  

to  e lim in a te  any in h eren t v a r ia tio n s  that m igh t e x is t  b etw een  t r e e s .  T he  

p o r tio n s  of the t r e e s  sp ra y ed  w ith  the g lyod in  trea tm en t and p r o te c ted  from  

p o s s ib le  c o ld  in ju ry  s t i l l  p ro d u ced  fr u it  w ith  so m e  d e g r e e  o f r u s se t in g  

(T a b le  II). M o reo v er , the u se  o f g lyod in  on the fru it ex p o sed  to a ir  te m ­

p e r a tu r e s  lo w e r  than 32®F fo r  th ree  n ig h ts  d u rin g  the b lo s so m in g  p e r io d  

r e s u lte d  in  an e v en  la r g e r  num ber o f fr u its  ex h ib itin g  both ligh t and  

h eavy  r u s s e t in g  (T ab le  II).

C om p arin g  fr u its  from  the sa m e  G olden  D e lic io u s  t r e e s  sp ra y ed  

w ith  d iffe re n t fu n g ic id e s  o f E x p er im en t 1, c a r r ie d  on in 1956, the u se  o f  

captan  r e s u lte d  in  a m u ch  s m a lle r  p e r ce n ta g e  o f fr u its  e ith e r  lig h tly  or  

h e a v ily  r u s s e te d  and a la r g e r  p e r ce n ta g e  c o m p le te ly  fr e e  o f r u s se t in g  than  

w a s found from  th e u se  of g lyod in  (T ab le  II). In fa c t the p e r ce n ta g e  of 

h e a v ily  and lig h tly  r u s s e te d  fr u it s  o f the captan  trea tm en t and e x p o sed  to 

the fr e e z in g  te m p e r a tu r e s  g iv en  in  T ab le  II i s  v e r y  s im ila r  to th o se  o f  

the g lyod in  trea tm en t o f the tr e e  p r o te c te d  a g a in st e x p o su r e  to fr e e z in g  

te m p e r a tu r e s  (T ab le  II).

In 1957, w hen g lyod in , u se d  a t fu ll s tren g th  (one quart p e r  100  

g a llo n s), w a s  co m p a red  to g lyod in  at one p in t p lu s  four o u n ces  o f Phygon  

p e r  100 g a llo n s , the p e r ce n ta g e  o f h e a v ily  r u s se te d  fr u it  w as a p p rec ia b ly  

lo w e r  fo r  the g lyod in -P h ygon  trea tm en t, T a b le  V. Phygon h as been
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r e p o r te d  fa v o r a b le  fo r  p ro d u cin g  u n b lem ish ed  fru it on G olden D e lic io u s  

(35).

T h e te m p er a tu r e  co n d itio n s in 1957 w e re  d ifferen t than in 1956  

(T a b le s  I and V I). In 1957 one tr e e  w a s e x p o sed  to a s in g le  low  te m p e r a ­

tu re  o f  31 . 0 ° F . T r e e  nu m ber 2 e x p e r ie n c e d  a m in im um  tem p era tu re  o f  

27. 5° F . T r e e  num ber 3 and the co n tro l tr e e  tr e a ted  w ith  captan w ere  

e x p o se d  to m in im um  te m p e r a tu r e s  o f 27 . 5 ° , 30. 5*, 31. 5° and 30. S^F. 

T h e se  r e c o r d e d  te m p e r a tu r e s  o c c u r r e d  during the e a r ly  pink and pink  

s ta g e s  o f d ev e lo p m en t.

T h e r e s u lt s  (T ab le  V) in d ica te  that although a la r g e  p e r ce n ta g e  

o f  fr u its  w e r e  h e a v ily  r u sse te d , a red u ctio n  in s e v e r ity  o f h eavy  r u s s e t ­

in g  w a s  o b se r v e d  w h ere  g lyod in  w as u sed  at red u ced  stren g th . H ow ever, 

a s  the e x p o su r e  to  f r e e z in g  te m p e r a tu r e s  in c r e a se d , the m agn itud e of 

the d iffe re n c e  in h eavy  and lig h t r u s s e t in g  w a s l e s s .  T he fa c t that 96. 0 

p e r ce n t o f the fr u it s  from  the captan  tr e a tm e n t w ere  h e a v ily  r u s se te d  

in d ica ted  that f r e e z in g  te m p e r a tu r e s  w e r e  a m a jo r  c a u se  o f r u s s e t in g  

on the t r e e s  e x p o se d  to the fou r p e r io d s  o f te m p er a tu r e s  below  32° F .

T he u se  o f cap tan  r e s u lte d  in  m uch l e s s  r u s s e t in g  on th is  v a r ie ty  

in  1956 than g ly od in  fo llo w in g  fr e e z in g  te m p er a tu r e s  (T ab le  II); but, when  

n u m ero u s fr e e z in g  p e r io d s  o c c u r r e d  n ea r  bloom  in  1957, ev en  the fr u its  

o f the captan  tr e a tm en t w e r e  s e v e r e ly  r u s se te d  (T ab le V ). T h is  a g r e e s  

w ith  p r e v io u s  o b se r v a tio n s  (38).
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T he fin d in gs o f s tu d ie s  condu cted  at the Graham  E xp erim en t  

S tation  in 1956, E x p er im en t 2, co m p a r in g  g lyod in  and captan on G olden  

D e lic io u s , in d ica ted  that the u se  of g lyod in  did not c a u se  a s ig n ifica n tly  

g r e a te r  am ount o f e ith e r  h eavy  o r  ligh t r u s se t in g  than the u se  o f captan.

T he n ea r  a b se n c e  o f r u s s e t in g  o f G olden  D e lic io u s  in th is  study (T able  

III) ev en  when g lyod in  w as used , although a tem p era tu re  of 30. 5®F w as  

r e c o r d e d  at e a r ly  pink, has a p o s s ib le  exp lan ation . The sta g e  of f lo r a l  

d ev e lo p m en t w as su ch  that the r e c e p ta c le  w as p a r tia lly  p r o te c ted  from  

fr e e z in g  in jury by the f lo r a l b r a c ts  and the young le a v e s  surrou n d in g  

the f lo w e r  c lu s te r . A lso , the 30. 5* F te m p era tu re  w as reco rd ed  fo r  

s lig h tly  l e s s  than th irty  m in u tes  ju st b e fo re  su n r ise , w hich  cou ld  have  

been  too sh o rt a p e r io d  of t im e  to c a u se  fr e e z in g  injury.

T h e m eth od  of a p p lica tio n  m ay have been  an oth er  fa c to r . In 

E x p erim en t 1, an a d ju sta b le  n o z z le  gun w as u sed  to m ak e the a p p lic a tio n s . 

E ven  though the o p era tin g  p r e s s u r e  w as on ly  150 pounds p e r  sq u are inch, 

the gun w a s o p era ted  w ith in  two fe e t  of the le a v e s  and fru it. T hus, the 

d ro p le ts  cou ld  have h it th e f lo w e r s  and fru it at a g r e a te r  fo r c e  than when  

the a ir -b la s t  a tta ch m en t w as u sed  to m ake the a p p lica tio n s  in E x p erim en t 2. 

T h is  p o s s ib le  m e c h a n ic a l in jury h as been  supp orted  by o b se rv a tio n s  by 

M itc h e ll and K retch m an  (41).

In 1957, the sa m e  p e s t ic id e  c h e m ic a ls  u sed  on G olden D e lic io u s  

in  1956, w e re  ap p lied  a s  h a lf - tr e e  tr e a tm e n ts  on Jonathan under c o n tro lled
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te m p e r a tu r e  co n d itio n s  (E x p er im en t 4). T h ree  t r e e s  w e re  ex p o sed  to 

v a r io u s  fr e e z in g  te m p er a tu r e s: (1) 32. O^F m inim um ; (2) 2 7 .5 ° F m in im um ; 

and (3) 27 . 5*", 30. 5 ° , 31. 5** and 30. 5 °F  m in im um  te m p er a tu r e s  (T ab le  VI). 

T h e m agn itu d e o f d if fe r e n c e  o f r u s se t in g  o f th is  v a r ie ty  w as not a s  g rea t  

a s  w ith  the sa m e  m a te r ia ls  on the G olden  D e lic io u s  v a r ie ty . N e v e r th e le s s ,  

the g e n e r a l p a ttern  w a s  som ew h at s im ila r .

T he am ount of h eavy  fru it r u s s e t in g  on Jonathan w as n e a r ly  equal 

fo r  both g ly od in  and captan  on the tr e e  ex p o sed  to a 32. 0 °F  m in im um  te m ­

p e r a tu r e . H ow ever, th e am ount o f lig h t r u s se t in g  from  the g lyod in  tr e a t ­

m en t w a s g r e a te r , 48 . 53 p ercen t, a s  co m p a red  to 19. 51 p e r c e n t from  the  

captan tr e a tm en t (T ab le  V ). At a lo w e r  m in im um  tem p era tu re  (27. 5®F) 

the am ount of h ea v y  r u s s e t in g  from  the captan  trea tm en t w a s o n ly  o n e -h a lf  

the am ount r e s u lt in g  from  the g lyod in  trea tm en t, 3. 29 p e r ce n t and 7. 55  

p e r ce n t, r e s p e c t iv e ly .  T he lig h t r u s s e t in g  from  both the g ly od in  and c a p ­

tan tr e a tm e n ts  did not v a r y  g r e a t ly  from  that o f the fru it e x p o sed  to 32 . 0 * F . 

T he g r e a te s t  d if fe r e n c e  b etw een  sp ra y  tr e a tm e n ts  o c c u r r e d  on the tr e e  

e x p o sed  to the fou r p e r io d s  o f f r e e z in g  te m p e r a tu r e s , 27 . 5*, 30. 5**, 31. 5° 

and 30. 5*F (T ab le  V ). T he p o r tio n  r e c e iv in g  the captan  trea tm en t had  

15. 52 p e r c e n t o f the fru it h e a v ily  r u s se te d  co m p ared  to 67. 07 p e r ce n t  

h e a v ily  r u s s e te d  fru it fro m  the g lyod in  trea tm en t. T he p o rtio n  o f the  

h a r v e s te d  fr u it s  fr e e  of r u s s e t in g  w as 37. 93 p e r ce n t fo r  the captan  tr e a t-
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m e n t and on ly  4. 88 p e r c e n t fo r  the g lyod in  trea tm en t. F ie ld  s tu d ie s  

(T a b le s  IV and VII) u s in g  the sa m e  m a te r ia ls , supp orted  th e se  fin d in gs  

of th e c o n tr o lle d  tem p era tu re  s tu d ie s  (T ab le  V). T h is  ap p eared  to su b ­

s ta n tia te  p r e v io u s  o b se r v a t io n s  (35) that c e r ta in  c h e m ic a ls  m a y  c a u se  

so m e  d e g r e e  o f r u s s e t in g  on Jonathan, but th e se  sa m e  m a te r ia ls  m ay  

a ccen tu a te  the am ount o f r u s se t in g  if  ap p lied  a fter  a co ld  p er io d  n ea r  

b lo o m .

T he am ount o f r u s s e t in g  from  the g lyod in  trea tm en t in  f ie ld  

s tu d ie s  on Jonathan w a s l e s s  than found in the c o n tro lled  tem p era tu re  

s tu d ie s . H ere  aga in , the p e r io d  of ex p o su re  to fr e e z in g  te m p er a tu r e s  

w a s l e s s  in  the f ie ld  in v e s t ig a t io n s . A lso , the a p p lica tio n  in the f ie ld  

b ein g  m ad e w ith  an a ir - b la s t  sp r a y er , cou ld  have c a u sed  l e s s  m ech a n ica l  

in jury  than r e s u lte d  from  the u se  o f an ad ju sta b le  n o z z le  gun in  the c o n ­

tr o lle d  tem p er a tu r e  e x p e r im e n ts  (41).

It w a s s ig n if ic a n t to note that in  the p lo t r e c e iv in g  the captan  

trea tm en t under f ie ld  co n d itio n s, r e s u lte d  in  h eavy  r u s se t in g  that w as  

s ig n ific a n tly  h ig h er  than that from  the u se  o f su lfu r  in the ad jacen t p lo t  

(T ab le  VII). A lthough the captan  p lo t w as s lig h tly  lo w e r  in e lev a tio n , 

th is  w ould  ap p ear  to su b sta n tia te  p r e v io u s  fin d in gs (35, 38) to the e ffe c t  

that the u se  o f w etta b le  su lfu r  on Jonathan m ay r e s u lt  in a m o re  fa v o r ­

a b le  f in ish  w hen fr e e z in g  te m p e r a tu r e s  o c cu r  n ear b loom .
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It shou ld  be m en tio n ed  that Phygon w as u sed  in a ll  tr e a tm e n ts  at 

th e G raham  E x p er im en t Station  in 1957. In fie ld  s tu d ies  not a p art of th is  

in v e s tig a tio n , m ad e on Jonathan in g r o w e r 's  o rch a rd s  in 1957, it w as  

found that fru it from  the u se  o f Phygon p lu s  captan fo llo w in g  the o c cu rr e n c e  

of an a ir  te m p er a tu r e  below  32° F , had a g r e a te r  am ount of r u s se t in g  than  

that r e s u lt in g  from  the u se  o f w ettab le  su lfu r  p lu s  a m e r c u r ia l com pound.

A s the u se  of w etta b le  su lfu r  on Jonathan at the G raham  E x p erim en t Station  

gave  l e s s  r u s s e t in g  than captan, it m ay be dedu cted  that Phygon cou ld  be 

u n favorab le  to u se  on Jonathan fo llo w in g  the o c c u r r e n c e  o f fr e e z in g  te m ­

p e r a tu r e s  c lo s e  to b lo o m . A seco n d  fie ld  study in a g r o w e r ’s orch a rd  

c a r r ie d  on in the y e a r s  1955, 1956 and 1957 has show n that the u se  o f  

g lyod in  on Jonathan r e s u lte d  in no m o re  h e a v ily  r u s se te d  fru it than the u se  

of captan . B ased  on th e se  o b se r v a tio n s , th er e  is  a p o s s ib i l i ty  that the  

high  w ettin g  p r o p e r t ie s  o f g lyod in  (27) enhanced  the ca p a c ity  of Phygon to  

in c r e a s e  the am ount o f h e a v ily  r u s se te d  fru it at the G raham  E x p erim en t  

Station  in  1957.

No sm a ll t r e e s  o f M cIntosh  w e re  a v a ila b le  fo r  c o n tr o lle d  te m p e r ­

a tu re  s tu d ie s . N e v e r th e le s s ,  the f ie ld  s tu d ie s  support p r e v io u s  o b s e r v a ­

tio n s  (24, 29, 35, 38) that M cIntosh  fr u its  a re  m uch l e s s  s e n s it iv e  to the 

e f fe c t s  o f f r e e z in g  te m p e r a tu r e s  and p e s t ic id e  c h e m ic a ls  on fru it r u s se t in g  

(T a b le s  III, IV, VII). N o s ig n ifica n t d if fe r e n c e s  w e re  noted for  the fu n g ic id es
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u se d  on th is  v a r ie ty  r e g a r d le s s  o f the ex p o su re  to v a ry in g  am ounts of 

f r e e z in g  te m p e r a tu r e s  a s  e x p e r ie n c e d  at the G raham  E xp erim en t Station  

in 1956 and 1957.

T he c o m p a r iso n  o f the fin d in gs o f 1956 w ith th o se  of 1957, E x p e r i­

m en ts  2 and 4 at the G raham  E x p erim en t Station, u s in g  the sa m e  p e s t ic id e  

c h e m ic a ls  fo r  the two y e a r s  on the sa m e  t r e e s  and ap p lied  w ith  the sa m e  

equ ip m ent, in d ica ted  that s ig n ifica n tly  m o re  r u s se t in g  o c cu rr e d  on the 

Jonathan and M cIntosh  v a r ie t ie s  in 1957 than in 1956. T he only apparent 

d iffe re n c e  b etw een  the two s e a s o n s  w as duration  o f the te m p er a tu r e s  b e ­

low 32® F . A s in g le  low  o f 30. 5 °F  o c cu rr e d  in 1956 ju st b e fo re  bloom , 

w h e r ea s  in 1957, p e r io d s  of 31. 5®, 3 1 .0 °  and 31. 5®F w ere  r e c o r d e d  d u r­

in g  the b lo s so m in g  p er io d .

To su m m a r iz e , the know ledge of in te r r e la t io n sh ip s  b etw een  f r e e z ­

in g  tem p era tu re  and u se  o f c e r ta in  fu n g ic id es  tend to r e v e a l  so m e  o f the 

fa c to r s  r e sp o n s ib le  fo r  r u s se t in g . F rom  the fin d in gs w h ere  the a ir  t e m ­

p e ra tu re  w as c o n tro lled , T a b le s  II and V, and from  s tu d ie s  m ad e under  

c o m m e r c ia l o rch a rd  co n d itio n s, T a b le s  III, IV, VII and VIII, it m ay  be 

sta ted  that a ir  te m p e r a tu r e s  o f 32® F o r  below  m ay c a u se  so m e fru it r u s s e t ­

in g  on the v a r ie t ie s  Jonathan, G olden  D e lic io u s  and to a l e s s e r  ex ten t on 

M cIn tosh . T h is  r u s s e t in g  m ay be in c r e a se d  by the u se  of c er ta in  fu n g i­

c id e s . T hus, it  is  ev id en t that n ew ly  in trod uced  p e s t ic id e s  d es ig n ed  fo r  

u se  n ea r  and during b loom  should  be stu d ied  on the s o -c a l le d  s e n s it iv e  app le  

v a r ie t ie s  to  d e term in e  th e ir  e ffe c t  on fru it r u sse t in g .
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H is to lo g ic a l S tu d ies

T he m eth od  o f in itia tio n  and the d evelop m en t of r u s se te d  t is s u e s  

o f the ap p le  have b een  d is c u s s e d  by v a r io u s  w o r k e rs  (1, 3, 4, 24, 55, 57, 58, 60, 

64). T h e g e n e ra l c o n se n su s  o f op in ion  w as that the b a s e s  of the tr ic h o m e s  

and th e sto m a ta  r e p r e se n t  w eak  sp o ts  in the ep id erm a l la y e r . T hey su g ­

g e s te d  that in ju ry  to the tr ic h o m e s  by fr e e z in g  te m p er a tu r e s , or en try  of 

a p e s t ic id e  c h e m ic a l through the gap le ft  a fter  the tr ic h o m e s  slou gh ed  off, 

o r  through sto m a ta l o p en in gs r e s u lt s  in k illin g  of ep id erm a l c e l l s  adjacent 

to th e se  o p en in g s. A s the fru it d evelop ed , th e se  a r e a s  o f dead ep id erm a l 

c e l l s  w e r e  un able to continue m e r is te m a t ic  a c t iv ity  and thus the e p id erm a l  

su r fa c e  s p lit  and e x p o sed  su b -ep id e rm a l c e l l s .  T he r u s s e t  w as thought to 

d evelop  from  m e r is t e m a t ic  a c t iv ity  o f the u n d erly in g  c e l l s  a s  a n orm al 

h e a lin g  p r o c e s s  o f th is  c r a c k  or  b reak  in the ep id erm a l su r fa c e .

T he r e s u lt s  o f the h is to lo g ic a l in v e s t ig a tio n s  of the d ev e lop m en t  

o f r u s s e t in g  on G old en  D e lic io u s  m ad e in  th is  study w e r e  not in a c co r d  

w ith  th e se  p r e v io u s ly  rep o rted  o b se r v a t io n s . M ic r o sc o p ic  s tu d ies  o f the 

fru it o f the G old en  D e lic io u s  tr e a ted  w ith  g lyod in  and e x p o sed  to fr e e z in g  

te m p e r a tu r e s  (E x p er im en t 5) r e v e a le d  that the n u m b ers o f b rea k s in the  

c u t ic le  and e p id e r m a l la y e r  o f fru it w e re  ev id ent at four w eek s  a fter  fu ll 

bloom  (F ig u r e  26). T h is  w as not found on th e d ev e lo p in g  fru it p r o te c ted  

from  fr e e z in g  te m p e r a tu r e s  and sp ra y ed  w ith captan (F ig u re  15). F u rth e r -
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m o r e , th e s e  b rea k s  w e r e  not a s so c ia te d  w ith the p r e se n c e  of tr ic h o m e s  

o r  sto m a ta , F ig u r e  26.

S econ d ly , n ew ly  e x p o se d  su r fa ce  o f the le s io n s  or  c r e v ic e s  w e re  

not c o v e r e d  w ith  a c u t ic le  (F ig u r e  26) a s  w as found when the tr ic h o m e s  

slo u g h ed  o ff (F ig u r e  15). In th is  study, the f ir s t  ev id en ce  of c u tic u la r i-  

za tio n  w a s at the b a se  o f the tr ic h o m e s  (F ig u re  13) and a s  fu rth er  c u tic le  

d ep o s itio n  o c cu rr e d , the tr ich o m e  ap p eared  to be a c tu a lly  fo r c ed  out o f 

the e p id e r m a l la y e r  by the d ev e lo p in g  c u tic le  (F ig u r e s  14 and 15). T h is  

s u g g e s ts  that if  the o b se r v e d  rupturing  of the ep id erm a l su r fa c e  found  

four w eek s  a fter  fu ll b loom , F ig u re  26, w as r e la te d  to lo ca tio n  of tr ic h o m e s ,  

the n ew ly  e x p o sed  in tern a l su r fa ce  o f the le s io n s  o r  c r e v ic e s  w ould be 

c o v e r e d  w ith a c u t ic le  (F ig u re  15). T h is  w as not o b se rv e d , F ig u re  26.

T o fu rth er  co n firm  the fa c t that r u s se t in g  m ay  not be a s s o c ia te d  

w ith  rem o v a l or  in ju ry  to tr ic h o m e s , tr ic h o m e s  w e re  rem o v ed  m e c h a n i­

c a lly  from  the f lo r a l r e c e p ta c le s  and young fr u its  in d is t in c t  s tr ip s  at 

v a r io u s  s ta g e s  o f d ev e lop m en t. At the sa m e  tim e , the tip s  o f the t r i ­

ch o m es of o th er  f lo w e r s  and fr u it s  w e re  in ju red  w ith  dry ic e . T h is  w as  

done on G olden  D e lic io u s  and Jonathan t r e e s  ex p o sed  to fr e e z in g  te m p e r a ­

t u r e s  and sp ra y ed  w ith captan (E x p er im en t 5). S ince no r u s se t in g  o c c u r r e d  

on th e s e  in ju red  fr u its , the fru it r u s se t in g  r e su lt in g  from  the fu n g ic id es  

u se d  in  th is  study cou ld  not be a s s o c ia te d  d ir e c tly  w ith in ju ry  to the tr ic h o m e s  

on the fru it.
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T he e a r l ie s t  ap p aren t d ev elop m en t o f fru it r u s se t in g  w as shown  

in F ig u re  25. C erta in  su b -ep id e rm a l c e l l s  in  the ou ter  c o r t ic a l la y e r  

d iv id ed  p e r ic l in a lly  and a n tic lin a lly  r e su lt in g  in a sm a ll group of c e l l s  

w hich , a s  th is  p r o life r a t io n  continued, ruptured  the ep id erm a l la y e r  and  

c u tic le . T h is  w as il lu s tr a te d  in F ig u re  26. A s the fru it contin ued  to e n ­

la r g e , the le s io n s  or c r e v ic e s  b ecam e w id er . P r o lifer a tio n  of c e l l s  c o n ­

tinued, and the in tern a l p r e s s u r e  ca u sed  the o u ter  c e l l s  to c o lla p se  and  

b eco m e cru sh ed  and ev en tu a lly  the cru sh ed  c e l l s  slou gh ed  off. A s c e l l  

d ev e lo p m en t contin ued , a d is tin c t la y e r  of sm a ll, b r ick -sh a p ed , n on ­

v a cu o la ted  c e l l s  h av in g  the c h a r a c te r is t ic s  o f a cam biu m , w as fo rm ed  

below  the le s io n  (F ig u r e  28). T h is  c a m b ia l- lik e  la y e r  has b een  te r m ed  a 

p h ello g en  (1, 3, 4, 29, 55, 60). It con tin u ed  to form  p h e llem  c en tr ifu g a lly  

in the sa m e  m an n er a s  a p h e llo g en  in a w oody d ico ty led o n o u s stem  (13).

T he la te r  s ta g e s  o f ac tu a l r u s s e t  fo rm a tio n  o b se r v e d  in th is  study  

tend  to a g r e e  w ith  p r e v io u s  fin d in gs (1, 3, 4, 24, 29, 55, 57, 60, 64) but the 

r e a so n s  for  fr u it  r u s s e t in g  a s  a s s o c ia te d  w ith  in ju ry  to tr ic h o m e s  and c e l l s  

adjo in in g  sto m a ta  w e r e  not ev id en t in th is  in v e stig a tio n . Injury and r e s u l t ­

ant r u s s e t in g  in th e s e  s tu d ie s  ap p ea red  a s  m e r is te m a t ic  a c t iv ity  o f ou ter  

c o r t ic a l c e l l s  w hich , in turn, fo r c e fu lly  ruptured the ep id erm a l la y e r .  

T h e re  w a s  no c o lla p se d  o r  dead ep id erm a l c e l l s  o r  tr ic h o m e s  to b rin g  

about m e r is te m a t ic  a c t iv ity  o f o u ter  c o r t ic a l c e l l s .  T h is  m e r is te m a t ic



a c t iv ity  a p p a ren tly  w a s  ind uced  e ith e r  by the fu n g ic id e  g lyod in  or  by the  

breakdow n p ro d u cts  o f g ly od in  o r  by adjuvants in clu d ed  in the fo rm u la tion  

o f g lyod in , w hich  p a s s e d  through the ep id erm a l la y e r  and ca m e in con tact  

w ith  the o u ter  c o r t ic a l  c e l l s .  W hether tr a n s lo c a tio n  took  p la c e  betw een  

the e p id e r m a l c e l l s  o r  through the e p id erm a l c e l l s  i s  not known. It d o es  

s e e m  app arent, h o w ev er , that e x p o su re  o f the r e c e p ta c le  o f the f lo w e r s  

o r  fr u its  to a  f r e e z in g  tem p era tu re  of 32*"F or  lo w er  n ea r  o r  d u rin g  b loom , 

in c r e a s e s  th e e a s e  by w hich  the fu n g ic id e  m a y  p a s s  through the ep id erm a l 

la y e r . T h is  p r e m is e  i s  b a sed  on the fa c t that the p e r ce n ta g e  o f G olden  

D e lic io u s  fr u it s  h e a v ily  and lig h tly  r u s s e te d  w as g r e a te r  from  the u se  o f  

g ly o d in  w hen te m p e r a tu r e s  below  3 2 °F o c c u r r e d  n ea r  b loom  in  1956 than  

from  the u se  o f g lyod in  w hen th e a ir  tem p er a tu r e  w a s not a llo w ed  to fa ll  

below  32. 5° F (T ab le  II).

S tu d ies o f the p r o te c t iv e  la y e r s  o f the th r e e  v a r ie t ie s ,  M cIntosh , 

G olden  D e lic io u s  and Jonathan, gave so m e  in s ig h t into th e r e a s o n s  fo r  the  

d if fe r e n c e s  b etw een  v a r ie t ie s  r e la t iv e  to  th e ir  su s c e p t ib il ity  to  r u s se t in g .

It a lso  o ffe r e d  a p o s s ib le  ex p la n a tio n  o f the in te r r e la t io n sh ip  b etw een  

fr e e z in g  te m p e r a tu r e s  and c e r ta in  p e s t ic id e  c h e m ic a ls  a s  th ey  a ffe c t  fru it  

r u sse t in g .

S tu d ies by M odlib ow ska  and R o g e rs  (42) on the fr e e z in g  of p lant 

t i s s u e s  under th e m ic r o sc o p e  r e v e a le d  that ic e  u su a lly  fo rm ed  in  the in te r -
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c e l lu la r  s p a c e s  f ir s t .  H ow ever, if  no in te r c e llu la r  sp a c e s  w e re  p r e se n t, 

a s  in m e r is t e m a t ic  t i s s u e s ,  th ey  o b se rv e d  that in so m e  c a s e s  actu al f r e e z ­

in g  of the c e l l  w a lls  o c cu rr e d , w hich  in so m e  in s ta n c e s  r e su lte d  in the  

lon g itu d in a l sp litt in g  of the c e l l  w a lls  a lon g  the m id d le  la m e lla , lea v in g  

the sep a r a te d  c e l l s  undam aged. T h e ir  s tu d ies  w e re  m ade on T ra d esca n tia  

s ta m in a l h a ir s , r e c e p ta c le s  o f app le  f lo w e r s , and m o s s  le a v e s  (P tery-  

gophyllum  lu c e n s ) .

It w a s a ls o  o b se r v e d  by th e se  au th ors (42) that the c u tic le , the  

c e l l  w a ll and the e c to p la sm  to g e th er  fo rm ed  an e ffe c t iv e  b a r r ie r  a g a in st  

ic e  in o cu la tio n . T h ey  o b se r v e d  that an undam aged c u tic le  p r o te c te d  both  

the e p id e r m a l h a ir s  and the ep id erm a l c e l l s  from  ic e  in o cu la tio n . B ecau se  

the e p id e r m a l c e l l s  w e r e  freq u en tly  sm a ll and th ick -w a lle d , the u n d erly in g  

la y e r  of th in -w a lle d  c e l l s  w e re  in o cu la ted  w ith ic e  b e fo re  the e p id erm a l  

c e l l s  and thus th ey  w e r e  the f ir s t  to f r e e z e  and, in turn, in o cu la ted  the 

o v e r ly in g  e p id erm a l c e l l s  w ith  ic e .

S tu d ies of the d eve lo p m en t o f the c u tic le , E x p erim en t 5, r e v e a le d  

that no c u tic le  w as p r e se n t  on the e x te rn a l su r fa ce  at the p r e -p in k  s ta g e  of 

flo w er  d ev e lo p m en t w hen the r e c e p ta c le  i s  u su a lly  c o m p le te ly  ex p o sed . 

H ow ever, so m e  cu tin iza tio n  o f the e x p o sed  w all of the e p id erm a l c e l l s  w as  

tak in g  p la c e . A s the f lo w e r  contin ued  to d evelop , m o re  cu tin iza tio n  o c c u r r e d  

and at fu ll b loom  a sm a ll am ount of e x tern a l c u tic le  cou ld  be o b se r v e d  n ea r



th e b a se  o f th e  tr ic h o m e  (F ig u re  9). At p e ta l fa ll , a d is tin c t ex te rn a l c u t ic le  

w a s  p r e s e n t  and su rrou n d ed  the b a se  o f the tr ic h o m e s , a s  il lu s tr a te d  by  

F ig u r e  13, and a p p ro x im a te ly  se v e n  d ays a fter  p e ta l fa ll ( f ir s t  co v er ), the 

c u t ic le  w a s  c o m p le te  (F ig u r e  14).

T h u s, it  w a s  app arent that for  the th ree  v a r ie t ie s  included  in th is  

study that the r e c e p ta c le  o f the f lo w e r s  and the young fr u its  w as not c o m ­

p le te ly  p r o te c te d  by c u t ic le  b etw een  the tim e  the r e c e p ta c le  w as f ir s t  e x ­

p o s e d  to en v iro n m en ta l co n d itio n s (p re-p in k ) and u ntil sh o r tly  b efo re  

f ir s t  c o v e r .

T h is  p r o v id e s  a p o s s ib le  exp lan ation  fo r  the fu n g ic id e -v a r ie ty -  

tem p er a tu r e  in te r r e la t io n sh ip  d ev e lo p ed  from  th is  s e r ie s  o f  s tu d ie s . If 

fr e e z in g  te m p e r a tu r e s  o c c u r  durin g o r  n ear  fu ll b loom  w hen the fr u it  i s  

not p r o te c te d  by a  c u t ic le , in jury  from  ic e  in ocu la tio n  to su b -ep id e rm a l  

c e l l s  m a y  tak e p la c e  w ithout app arent in ju ry  to the ep id erm al c e l l s .  T he  

su b seq u en t h ea lin g  o f  th e s e  in ju red  a r e a s  o f c e l l s  m a y  c a u se  c e l l  p r o l i f e r ­

a tion  that m a y  e v en tu a lly  rupture th e e p id e r m is . Subsequent r u s s e t in g  

m ay d evelop  on th e v a r ie t ie s  m o r e  su sc e p tib le  to in o cu la tio n  o f ic e  in  

su b -e p id e r m a l a r e a s ,  su ch  a s  Jonathan and G olden D e lic io u s , and not the  

M cIn tosh . S in ce  the f lo r a l r e c e p ta c le  and v e r y  young fr u it  i s  v e r y  m e r i s ­

te m a tic  d u rin g  th is  e a r ly  s ta g e  a s  w as o b se rv e d  by v a r io u s  w o r k e rs  (2,

57, 58, 59), th er e  m a y  be l it t le , i f  any, in te r c e llu la r  sp a c e s  in  the c o r t ic a l
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t i s s u e s  and the e p id e r m is , so  that fr e e z in g  te m p er a tu r e s  m ay, a s  w as  

found by M od lib ow sk a  e t a l. (42) c a u se  a tem p o ra ry  sep a ra tio n  of the c e l l s  

o f th e e p id e r m a l la y e r . If a c e r ta in  p e s t ic id e  c h e m ic a l i s  ap p lied  fo llo w ­

in g  th is  in ju ry  and p r io r  to the fo rm a tio n  of a co m p le te  c u t ic le , the c h e m ­

ic a l  m ay  a c tu a lly  p e n e tr a te  the e p id e r m is  into the o u ter  c o r t ic a l c e l l s  

c a u s in g  m e r is t e m a t ic  a c t iv ity  of th e se  c e l l s  a s  illu s tr a te d  in F ig u r e s  25, 26 

and 27 . T h is , in turn, w ould in c r e a s e  the num ber of ruptured  a r e a s  and  

in c r e a s e  the d e g r e e  o f fr u it  r u s se t in g  beyond that n o rm a lly  o c c u r r in g  from  

f r e e z in g  te m p e r a tu r e s  a lo n e  (T ab le  II). H ow ever, th is  sep a ra tio n  of the  

c e l l s  o f the e p id e r m a l la y e r , d e sc r ib e d  by M odlibow ska (42) w a s not o b ­

s e r v e d  in  the m a te r ia l s tu d ied  in th is  in v e s tig a tio n .

T he s e v e r ity  of fru it r u s se t in g  a p p eared  to be c o r r e la te d  w ith  the  

r e la t iv e  t im e  fr e e z in g  te m p e r a tu r e s  o c c u r r e d  and the d ev e lop m en t o f c u t ic le  

on the young fru it. In 1957, T r e e s  1 and 2 o f G olden D e lic io u s  tr e a te d  w ith  

glyod in  (T ab le  V) w e re  e x p o sed  to  f r e e z in g  te m p e r a tu r e s  o c c u r r in g  at e a r ly  

pink. In 1956, the e x p o sed  tr e e  r e c e iv in g  the g lyod in  trea tm en t w a s su b ­

je c ted  to th re e  p e r io d s  o f f r e e z in g  te m p er a tu r e s  at pink, e a r ly  bloom  and  

e a r ly  p e ta l fa ll  (T ab le  I). H ow ever, the am ount of r u s se te d  fr u its  w as v e r y  

s im ila r  (T a b le s  II and V I). T he la ck  o f c u tic u la r iz a tio n  o f the flo w er  r e c e p ­

ta c le  at the e a r l ie r  s ta g e  o f  flo w er  d evelop m en t w ould tend  to m ak e the  

t i s s u e s  m o r e  s u sc e p tib le  to ic e  in o cu la tio n  from  fr e e z in g  te m p er a tu r e s
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(42) w hich , in  turn, w ould r e s u lt  in  m o r e  fru it r u s se t in g  than if  fr e e z in g  

te m p e r a tu r e s  o c c u r r e d  la te r  in the fru it d ev e lop m en t.

S in ce  m o st  fu n g ic id e s  p ro b a b ly  have so m e  p h yto tox ic  p r o p e r tie s  

(63), th is  p o s s ib le  ex p la n a tio n  o f  the fu n g ic id e -fr e e z in g  tem p era tu re  in te r ­

r e la t io n sh ip  d o es  not a ccou n t for the d if fe r e n c e s  in fru it r u s se t in g  r e s u lt ­

in g  from  the u se  o f the v a r io u s  c h e m ic a ls . G lyodin u sed  in  th is  in v e s t i­

gation  h a s b een  rep o r ted  (28) to  have su r fa c e  a c tiv e  p r o p e r tie s ;  that is ,  

it  w ill d e c r e a s e  the su r fa c e  te n s io n  o f a w ater  m ix tu re  so  that a su r fa ce  

w hich  i s  d ifficu lt to w et, m ay  b eco m e  w etted  w ith  the sp ray  m ix tu re .

T h e r e c e p ta c le s  o f the ap p le  flo w er  in th is  study w ere  c o v ered  w ith a d en se  

m a t of tr ic h o m e s  w h ich  w ere  d ifficu lt to  w et when sec tio n in g , u sin g  the  

fr e e z in g  m ic r o to m e  techn iq u e.

T h e r e fo r e , b e c a u se  o f it s  su rfa cta n t p ro p erty , g lyod in  m ay be 

ab le  to w et th e tr ic h o m e s  o f the f lo w e r  r e c e p ta c le , p en etra te  th is  m at 

and co m e  in  co n ta c t w ith  the ep id erm a l la y e r  o f c e i l s  o f the r e c e p ta c le .

T h is  w e ttin g  p r o p e r ty  w ould fa c ilita te  the en try  o f the ch em ica l into the 

su b -e p id e r m a l la y e r  of c e l l s  by p a s s in g  betw een  the a n tic lin a l w a lls  of 

the c e l l s  o f the e p id e r m is .

A noth er p o s s ib le  exp lan ation  of the v a r ia tio n  in fru it r u s se t in g  

from  the u se  o f d ifferen t fu n g ic id es , m ay  be the d eg ree  of so lu b ility  of 

the com pound in  a sp ra y  m ix tu re . C erta in  p e s t ic id e  m a te r ia ls  a re  w ettab le
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p o w d ers  and a r e  c o m p le te ly  in so lu b le  in  w ater; w h erea s , o th er s  m ay be 

p a r t ia l ly  so lu b le  o r  a p a r t of the m o le c u la r  stru c tu re  m ay  be r e le a s e d  into  

so lu tio n  a s  a so lu b le  m a te r ia l (8, 49). T he so lu b ility  or p a r tia l so lu b ility  

o f the com pound w ould  fa c il i ta te  the en try  into o r  through the ep id erm a l 

t is s u e  o f the fru it, c a u s in g  r u s se t in g  of c e r ta in  v a r ie t ie s .  H ow ever, the 

sco p e  o f th is  in v e s tig a tio n  w as not su ff ic ie n t ly  e x te n s iv e  or  so  d esig n ed  

to  d e te r m in e  th is  su p p o sitio n .

T he s lig h t  a n a to m ica l d if fe r e n c e s  o b se r v e d  b etw een  v a r ie t ie s  

e a r ly  in  the g ro w in g  s e a s o n  when fru it r u s se t in g  w as f ir s t  in itia ted , m ake  

it v e r y  d ifficu lt to ex p la in  why so m e  v a r ie t ie s  r u s s e t  m o re  e a s i ly  from  

c o ld  in ju ry  and c h e m ic a l than o th e r s . H ow ever, the h is to lo g ic a l s tu d ie s  

(F ig u r e s  15 th rou gh 24) support the o b se rv a tio n s  by B ell (2) and o th er s  

(24, 32 ,55 , 57, 58, 60) that ap p aren t v a r ia tio n s  in  ep id erm a l la y e r s  of v a r io u s  

v a r ie t ie s  do e x is t  a s  the g ro w in g  s e a so n  p r o g r e s s e s .

T he r e s u lt s  o f the fr u it  r u s se t in g  e x p e r im e n ts  in th is  in v e stig a tio n  

in d ica ted  that G old en  D e lic io u s  w a s  the m o st  s e n s it iv e  to ex te rn a l co n d i­

tio n s  that p ro m o te  r u s s e t in g  and the M cIntosh  le a s t  s e n s it iv e  w ith  Jonathan 

b ein g  in te r m e d ia te . T h is  ap p eared  to be c o r r e la te d  w ith  the v a r ia tio n  in  

the e p id e r m a l la y e r s  o f the th re e  v a r ie t ie s .  The M cIntosh  havin g  the m o st  

c o m p le te  e p id e r m a l la y e r  at m a tu r ity  (F ig u re  20) w as l e s s  su sc e p tib le  to 

r u sse t in g ;  w h e r e a s , the G olden  D e lic io u s  w ith  th e le a s t  d is tin g u ish a b le
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e p id e r m is  (F ig u r e  17) w as the m o st  su sc e p tib le . Jonathan (F ig u re  23) w as  

in te r m e d ia te  in both r e s p e c t s .

F rom  th is  study, it ap p eared  that v is ib le  d if fe r e n c e s  in the e p id e r ­

m a l la y e r  o f G olden  D e lic io u s , Jonathan and M cIntosh w ere  not d is t in g u ish ­

a b le  un til a p p ro x im a te ly  four w eek s  a fte r  fu ll b loom . H ow ever, it w as  

ap p aren t that e x p o su r e  o f the r e c e p ta c le  o f the flo w er  or fru it to fr e e z in g  

te m p e r a tu r e s  n ea r  or  durin g bloom  r e su lte d  in m o re  fru it r u s se t in g  at 

h a r v e s t  t im e  from  the u se  of so m e  c h e m ic a ls . T h is  apparent change in  

the p r o te c t iv e  c a p a c ity  of the ep id erm a l la y e r  fo llo w in g  ex p o su re  to 

f r e e z in g  a ir  te m p era tu res ' cou ld  be a r e s u lt  o f a change in the ch em ica l  

n ature o f the in te r c e llu la r  su b sta n ce s  o f the ep id erm a l c e l l s ,  th is  

c h e m ic a l ch an ge o c c u r r in g  m o re  rea d ily  in the ep id erm a l la y e r  of one 

v a r ie ty  than an oth er . T he r e s u lt s  o f th is  s e r ie s  o f s tu d ie s  do su g g e st  

su ch  a p o s s ib il ity .
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SUMMARY

1. An in v e s t ig a tio n  w as con d u cted  in 1956 and 1957 at the M ichigan  

State U n iv e r s ity  H o rticu ltu ra l farm , E a st L an sin g , to d eterm in e  the p o s s ib le  

in te r r e la t io n sh ip  b etw een  the o c c u r r e n c e  of fr e e z in g  te m p er a tu r e s  n ear or  

d u rin g  b loom  and the u se  o f c e r ta in  p e s t ic id e  c h e m ic a ls  a s  a ffec tin g  fru it  

r u s s e t in g  of a p p les  (M alus d o m estic a  B o rk .). B earing tr e e s  grow in g  on  

M a ilin g  VII r o o ts to c k s , o f the v a r ie t ie s  G olden D e lic io u s  and Jonathan 

w e re  e x p o sed  to o r  p r o te c te d  a g a in st  f r e e z in g  a ir  te m p er a tu r e s  of 32® F or  

lo w er  by e n c lo s in g  the t r e e s  w ith  p o ly e th y len e  c o v er e d  c a g e s  and u sin g  

su p p lem en ta l e le c t r ic  h eat. The t r e e s  w e re  prun ed  to d iv ide the b ea r in g  

su r fa c e  o f ea ch  tr e e  into two d is tin c t h a lv e s , so  that two fu n g ic id e  tr e a t ­

m en ts  co u ld  be e v a lu a ted  in  the sa m e  en v iro n m en t.

(a) H a lf - tr e e  tr e a tm e n ts  o f captan  and g lyod in  w e re  m ad e  

on G olden D e lic io u s  in 1956. At h a r v e s t  tim e , the p o r tio n  o f the tr e e  p r o ­

te c te d  from  fr e e z in g  a ir  te m p e r a tu r e s  and tr e a ted  w ith  g lyod in  had 27. 8 

p e r ce n t of the fru it h e a v ily  r u s se te d , w h ile  the p o rtio n  tr e a ted  w ith captan  

had no fru it so  a ffec te d . On the tr e e  e x p o sed  to te m p er a tu r e s  o f 31. 7°,

31. 5 ° , and 28. 0® F n ea r  b loom , 84. 5 p e r c e n t of the fru it tr e a ted  w ith g lyod in  

w e re  h e a v ily  r u s s e te d  a s  co m p a red  to 24. 4 p ercen t fo r  the captan trea tm en t.

(b) T r e a tm e n ts  o f g lyod in  at one quart, and g lyod in  at one
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p in t p lu s  fou r o u n ces  o f Phygon p e r  100 g a llo n s  w ere  m ade on the h a lf-  

t r e e s  o f G olden  D e lic io u s  in  1957 and the tr e e s  w ere  ex p o sed  to v a ry in g  

a m ou n ts o f f r e e z in g  te m p e r a tu r e s  n ea r  b loom . At h a r v e st no fr u its  from  

any tr e a tm e n t w e re  fr e e  o f r u sse tin g , but the s e v e r ity  o f the r u s se t in g  w as  

l e s s  from  the u se  o f g lyod in  at one p int p lu s  Phygon than w hen g lyod in  w as  

u se d  at fu ll s tren g th .

(c) T r e a tm e n ts  o f fu ll s tren gth  captan and g lyod in  w ere  

m ad e on h a lf - t r e e s  of Jonathan in 1957. At h a rv est , 2. 44 p e r c e n t of the 

fru it tr e a te d  w ith  captan and e x p o sed  to 32® F w ere  h ea v ily  r u sse te d , and 19. 51 

p e r c e n t lig h tly  r u s se te d . T he g lyod in  trea tm en t had 2. 94 p e r c e n t o f the fru it  

h e a v ily  r u s s e te d  and 48 . 53 p e r c e n t lig h tly  r u s se te d . An e x p o su r e  of 27 . 5® F 

in c r e a s e d  v e r y  s lig h t ly  the am ount o f h ea v ily  r u s se te d  fru it from  the u se  of 

glyod in  tr e a tm e n t a s  co m p a red  to an e x p o su re  o f 32® F . E x p o su r e s  to m in im um  

te m p e r a tu r e s  o f 27. 5®, 30. 5®, 31. 5® and 30. 5® F n ea r  bloom  r e s u lte d  in  15. 52 

p e r c e n t o f the fr u it  h e a v ily  r u s se te d , and 46 . 55 p e r c e n t lig h tly  r u s se te d  fo r  the 

captan trea tm en t, and 67. 07 p e r c e n t o f th e fru it h e a v ily  r u s se te d  and 28 . 05 

p e r ce n t lig h tly  r u s s e te d  from  the u se  o f g lyod in .

2. A m ix e d  b lo ck  of 1 6 -y e a r -o ld  G olden D e lic io u s , Jonathan and  

M cIn tosh  app le t r e e s  lo c a te d  at the M ich igan  State U n iv e r s ity  G raham  E x p e r i­

m en t Station , G rand R apid s, w as u sed  to ev a lu a te  the e f fe c t s  of captan, th iram , 

g lyod in , and captan  fo llo w ed  by g lyod in  a fter  f ir s t  c o v e r  on fru it r u sse t in g .
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T h e tr e a tm e n ts  w e re  ap p lied  w ith  a c o m m e r c ia l sp ra y er  w ith an a ir -b la s t  

a tta ch m en t. A  low  o f 30. 5° F o c c u r r e d  at the e a r ly -p in k  sta g e  o f d ev e lo p ­

m en t. T h e re  w e r e  no s ig n ifica n t d if fe r e n c e s  o f  fru it r u s se t in g  betw een  

tr e a tm e n ts .

3. A seco n d  b lock  at the G raham  E xp erim en t Station  conta in ing  

7 - y e a r - o ld  M cIntosh  and Jonathan app le t r e e s  w as d iv ided  so  a s  to com p are  

the in flu en ce  o f ferb a m , g lyod in  and th iram  w ith that of captan on fru it  

r u s se t in g . In 1957, the study w as rep ea ted , ex cep t that w ettab le  su lfur  

w as su b stitu ted  fo r  ferb am . A ll tr e a tm e n ts  w ere  ap p lied  w ith a c o m m e r ­

c ia l sp r a y e r  w ith  an a ir -b la s t  attach m en t.

(a) In 1956, a m in im um  tem p era tu re  of 30. 5® F w as rec o r d e d  

at the t im e  o f e a r ly  pink. At h a rv est , no s ig n ifica n t d if fe r e n c e s  of h eavy  

r u s s e t in g  w e re  n oted  e ith e r  b etw een  tr e a tm e n ts  or  b etw een  v a r ie t ie s .  H ow ­

e v e r , one group o f t r e e s  of the captan trea tm en t w as lo w e r  in e lev a tio n  than  

the o th er  t r e e s ,  and th e s e  t r e e s  did have a la r g e r  am ount of lig h tly  r u s se te d  

fru it than the o th er  p lo ts .

(b) In 1957, m in im u m  te m p era tu res  o f 3 1 .5 ° ,  31.0® and

31. 5® F w e re  r e c o r d e d  n ea r  th is  ex p er im en t. S ign ifican t d if fe r e n c e s  fo r  

h e a v ily  r u s se te d  fr u its  did o ccu r  betw een  sp ra y  tre a tm e n ts  u sed  on Jonathan. 

T h ere  w e r e  s ig n if ic a n t d if fe r e n c e s  in the am ount o f h ea v ily  r u s se te d  fr u its  

b etw een  the grou p s o f t r e e s  tr e a ted  w ith  captan, the range b e in g  12. 1 p ercen t
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to  21. 6 p e r c e n t . T h is  i s  co m p a red  to 12. 4 p e r c e n t h eavy  r u s se t in g  for  

th e su lfu r  trea tm en t, 18. 0 p e r ce n t fo r  the th iram  trea tm en t, and 29. 5 p e r ­

c en t for  th e g lyod in  trea tm en t. T he captan trea tm en t having the 21. 6 p e r ­

cen t h e a v ily  r u s s e te d  fru it w as lo w er  in e le v a t io n  than the o th er  tr e a tm en ts . 

T h e e x c e s s iv e  r u s s e t in g  cou ld  be a s s o c ia te d  w ith  lo w e r  a ir  te m p er a tu r e s  

in  the l e s s  fa v o ra b le  e le v a t io n . T h ere  is  so m e  ev id en ce , not a p art of 

th is  s e r ie s  of s tu d ie s , to in d ica te  that the e x c e s s iv e  heavy r u s se t in g  from  

the u se  o f g lyod in  co u ld  have r e su lte d  from  the u se  o f Phygon w ith the  

g ly od in  a fter  the o c c u r r in g  fr e e z in g  te m p e r a tu r e s , and not to g lyod in  a lo n e . 

No s ig n if ic a n t d if fe r e n c e s  w e re  found betw een  tr e a tm e n ts  w ith  r e s p e c t  to  

lig h t r u s se t in g .

(c) The sa m e  w ea th er  co n d itio n s and sp ra y  tr e a tm e n ts  on  

M cIntosh  r e s u lte d  in  no s ig n ifica n t d if fe r e n c e s  b etw een  tr e a tm e n ts .

4. C om p arin g  the r e s u lt s  o f  the two s e a s o n s  fo r  the v a r ie t ie s  

M cIntosh  and Jonathan w hen the sa m e  fu n g ic id e  tr e a tm e n ts  and m eth od  of 

ap p lica tio n  w e re  u sed , th e r e  w a s a s ig n if ic a n tly  h ig h er  am ount of r u s s e t ­

in g  in 1957 than in 1956. T e m p e r a tu r e s  o f 31. 5®, 31. 0® and 31. 5° F w ere  

r e c o r d e d  n ea r  b loom  in 1957, w h e r e a s  a m in im um  of 30. 5 F w as r e c o r d e d

p r io r  to b loom  in 1956.

5. H is to lo g ic a l s tu d ie s  w e r e  condu cted  in  1956 fo r  the p u rp ose  of

(1) d e te r m in in g  the d if fe r e n c e s  in d evelop m en t of the c u t ic le  and ep id erm a l



t i s s u e  o f the v a r ie t ie s  G old en  D e lic io u s , Jonathan and M cIntosh; and

(2) d e te r m in in g  how and w hen fru it r u s se t in g  o f G olden D e lic io u s  d ev e lop s  

w hen c e r ta in  p e s t ic id e  c h e m ic a ls  a r e  u sed  p r io r  to secon d  c o v e r . F ro zen  

s e c t io n s  s ta in ed  w ith  Sudan IV and k illed  and fix ed  m a ter ia l d ifferen tia lly  

s ta in e d  w ith  sa fra n in  and fa st  g r ee n  w ere  u sed  fo r  th ese  s tu d ies .

(a) T he f ir s t  m ic r o sc o p ic  s ig n s  of r u s s e t  form ation  on  

G old en  D e lic io u s  w e r e  o b se r v e d  th ree  w eek s a fter  fu ll b loom  a s  sm a ll  

n u m b ers o f ir r e g u la r ly  p r o life r a tin g  c e l l s  in the ou ter  c o r t ic a l la y er . At 

fou r  w e ek s  a fter  fu ll b loom , th e se  p r o life r a tin g  c e l l s  had ruptured the 

e p id e r m is  and c u t ic le . T h is  in it ia l p r o life r a tio n  w as p resu m a b ly  s t im u ­

la te d  e ith e r  by in ju ry  to the ou ter  c o r t ic a l c e l l s  by fr e e z in g  tem p era tu res , 

the u se  o f c e r ta in  fu n g ic id e  c h e m ic a ls  w hich, in turn, ca m e in contact  

w ith  the o u ter  c o r t ic a l la y e r  o f c e l l s ,  or  a com bin ation  of the two fa c to r s .

A s  grow th  o f the fru it continued, m o re  su b -ep id erm a l p r o lif e r a ­

tion  o c c u r r e d  and at h a r v e s t  tim e  a v e r y  ev id en t p h ello g en  w as found below

the r u s se te d  a r e a s .

(b) T he in it ia l ru p tu res of the ep id erm a l la y er  could not be 

a s s o c ia te d  w ith  e ith e r  the tr ic h o m e s  or  stom ata  b eca u se  the f is s u r e s  w ere  

m o r e  n u m erou s than the to ta l n u m b ers of tr ic h o m e s  and stom ata . A lso , 

the in n er  e x p o sed  s u r fa c e s  o f the in it ia l ru p tu res w e r e  not c o v ered  by a 

c u t ic le .  A ctu al r em o v a l or  in jury o f the tr ic h o m e s  w ith  dry ic e  at v a r io u s  

s ta g e s  o f flo w e r  d ev e lo p m en t did not c a u se  r u s s e t  form ation .



(c) M ic r o sc o p ic  s tu d ie s  o f the develop m en t o f the p r o te c t ­

iv e  la y e r s  o f th e G olden  D e lic io u s , Jonathan and M cIntosh  v a r ie t ie s  r e v e a le d  

that at th e t im e  th e f lo w e r s  e m e r g e  from  buds, the r e c e p ta c le  w as not 

c o v e r e d  w ith  a c u t ic le . H ow ever, so m e  fa tty  su b sta n ce s  w ere  found w ith in  

the e x p o se d  c e l l - w a l l s  o f the ep id erm a l c e l l s  p r io r  to fu ll b loom . C u ticu la r-  

iz a t io n  o c c u r r e d  f ir s t  at th e b a s e s  o f the tr ic h o m e s  and ten  to fou rteen  days  

a fte r  fu ll b loom , the c u t ic le  w as co m p le te  on the ep id erm a l su r fa ce  o f the 

fru it .

(d) T h e d ev e lop m en t o f the p r o te c tiv e  la y e r s  o f the v a r ie t ie s  

G old en  D e lic io u s , Jonathan and M cIntosh  w as s im ila r  until ap p ro x im a te ly  30 

d ays a fte r  fu ll b loom  at w hich  tim e  cu ticu la r  p e g s  w ere  found to be f il l in g  

the c a v it ie s  in  the e p id e r m a l la y e r  o f G olden D e lic io u s  c re a te d  by the s e p a r ­

a tio n  o f e p id e r m a l c e l l s  a s  the fru it en la rg ed . T h is  w a s l e s s  ev id en t in the 

Jonathan and M cIn tosh  v a r ie t ie s*  At h a r v e s t  m atu rity , a d istin ct, in tact  

e p id erm a l la y e r  co u ld  not be found in  G olden D e lic io u s . By co n tra st, the 

e p id e r m a l la y e r  o f  th e M cIntosh  w as v e r y  ev id en t and no sep a ra tio n  o f e p i­

d erm a l c e l l s  w a s o b se r v e d . T h e ep id erm a l la y er  of Jonathan, although  

d isc e r n a b le , w a s  not a s  r eg u la r  a s  in the M cIntosh.



113.

LITER A TU R E CITED

1. Baker, C. E. A study o f the sk in  s tru c tu re  of the G r im e s  apple a s  a f fe c t ­
ed  by d ifferen t ty p es  o f  in jury. P roc . A m er. Soc. H ort. S c i. 27: 75- 
81. 1930.

2. B ell, H. P. T he p r o te c t iv e  la y e r s  o f the app le. Can. Jour. R es. 15c:
3 9 1 -4 0 2 . 1937.

3. ___________. T he o r ig in  of r u s se t in g  of the G olden R u sse t app le. Can. Jour.
R e s . 15c: 5 6 0 -5 6 6 . 1937.

4.  _____ - T h e o r ig in  and h is to lo g y  of bordeaux sp ray  r u s se t in g  on the
ap p le . Can. Jour. R e s . 19c: 4 9 3 -4 9 9 . 1941.

5. Black, C a ro lin e  A . T he nature o f the in f lo r e s c e n c e  and fru it of P yrus
m a lu s . M em . New Y ork Bot. G ard. 6: 5 1 9 -5 4 7 . 1916.

6. C handler, F . B. , and I. C. M ason . R u sse tin g  o f G olden D e lic io u s
a p p les . P ro c . A m e r . Soc. H ort. S c i. 40: 1 2 0 -1 2 2 . 1942.

7. C hibnall, A . C. , S. H. P ip er , J. A . B. Sm ith, and E . F . W illia m s. T he
w ax c o n stitu en ts  of the app le c u t ic le . B iochem . Jour. 25: 2 0 9 5 -2 1 6 0 . 
1931.

8. DeOng, E . R . C h e m istr y  and u s e s  of p e s t ic id e s .  R ein h o ld  P u b lish in g
C o r p ., New Y ork. 1956.

9. D o rsey , M. J. R u sse t  r in g  on the ap p le. M inn. H ort. 46: 4 1 5 -4 1 6 . 1918.

10. . T he lo w -te m p e r a tu r e  h azard  to s e t  of fru it in the app le.
111. A gr . Exp. Sta. Bui. 473: 1 4 7 -1 7 0 . 1940.

11. Dutton, W. C. Spray in jury s tu d ie s . I. M ich. A gr. Exp. Sta. Spec.
Bui. 218 . p. 1 -6 8 . 1932.

12. E a m e s , A. J. , and L. H. M a cD a n ie ls . An in trod u ction  to p lan t anatom y.
M cG raw  H ill Book Com pany, Inc. , New Y ork and London. 1925.



114.

13. E sa u , K ath ern in e. P lant A natom y. John W iley  and Sons, Inc.
p . 1 -7 3 5 . 1953.

14. G ard n er, V . R. , F . C. B radford, and H. D. H ooker. O rcharding.
M cG ra w -H ill Book Com pany, In c ., New Y ork  and London, p. 229- 
230 . 1927.

15. ________________ , R. H. P ettit, C. W. Bennett, and W. C. Dutton.
D ia g n o s in g  O rch ard  I l ls .  M ich . A gr. Exp. Sta. Sp ec. Bui. 164. 
p. 1 -7 0 . 1927.

16. ________________ , F . C. Bradford, and H. D. H ooker. Fundam entals
o f F r u it  P rod u ction . M cG raw -H ill Book Com pany, Inc. , New Y ork  
and London, p . 424 . 1939.

17. G arm an, P h illip . Q uality  in  a p p les  a s  a ffec ted  by p e s t ic id e  and f e r t i­
l i z e r  sp r a y s . P ro c . Conn. Soc. 61: 5 0 -5 4 . 1951.

18. _________________ , L . G. K e irstea d , and W. T . M ath is. Q uality of
a p p le s  a s  a ffe c te d  by sp r a y s . Conn. A gr. Exp. S t a . , New Haven.
Bui. 576: 4 -4 6 . 1953.

19. G old sw orth y , M . C . , E . L. G reen , and M. A . Sm ith. F u n gicid a l and
p h y to c id a l p r o p e r t ie s  o f so m e  m eta l d ia lk y i d ith io  ca rb a m a tes . Jour. 
A g r. R e s . 66: 2 7 7 -2 9 1 . 1943.

20 . G o u rley , J. H . , and F . S. H ow lett. M odern F ru it Production . The
M acM illan  C om pany, New Y ork . p. 8 4 -8 5 . 1941.

21. H am ilton , J. M . , and D. H. P a lm ite r . A pple scab , C edar apple and
Q uince ru st, fr u it  r u s s e t  and c h e rr y  le a f  spot co n tro l in  1943. N. Y . 
State H ort. Soc. P ro c . 89: 2 7 -3 4 . 1944.

22 . H a r r is , R. W ., and W . H. G r ig g s . R u s s e t  on B artlett s . C alif. A gri.
10(2): 9. 1956.

23 . . R u sse t  on B artlett p e a r s . C a lif.
A g r i. 11(6): 10. 1957.

2 4 . H ed rick , U. P . B ordeaux in ju ry . N. Y. State A gr. Exp. Sta. Bui. 287.
1907.



1 1 5 .

25 . Hough, W. S. , and A. F . M ason . Spraying, D u stin g  and F u m igatin g
of P la n ts . T he M acM illan  Com pany, New Y ork. p. 120. 1951.

26 . H ow lett, F . S. F r o s t  in jury to the app le. Ohio A gr. Exp. Sta. B i-M o.
Bui. 11: 1 0 4 -1 0 9 . 1926.

27 . Johansen, D. A. Plant M icro tech n iq u e . M cG ra w -H ill Book Com pany,
Inc. , New Y ork  and London. 1940.

2 8 . K retch m an, D. W. , and A. E . M itch e ll. E va lu ation  of the su r fa ce
a c t iv e  p r o p e r t ie s  o f g lyod in  u sin g  2, 4 -d ich lo ro p h en o x y a ce tic  a c id  
and le a f  p r in ts . M ich . A gr. Exp. Sta. Quart. Bui. 40(1): 15 4 -1 6 1 .
1957.

29 . M a cD a n ie ls , L. H. , and A. J. H ein ick e . T o what ex ten t i s  sp ra y -
burn o f ap p le  fr u it  ca u sed  by fr e e z in g  o f the f lo w e r s . Phytopath.
20: 9 0 3 -9 0 6 . 1930.

30. _____________________ , and F . F . C ow art. T he d evelop m en t and stru c tu re
o f the ap p le  le a f . N. Y . A gr. Exp. Sta. C orn ell M em . 258. 1944.

31. M e r ic le , L. W. , and W. G. W haley. C e ll-w a ll  s tru c tu re  o f a p ica l
m e r is t e m s . Bot. G az. 114: 3 8 2 -3 9 2 . 1952.

32. M ey er , A . A study o f the sk in  s tru c tu re  of G olden D e lic io u s  a p p les .
P ro c . A m e r . Soc. H ort. S c i. 45: 1 0 5 -1 1 0 . 1944.

33. M itch e ll, A. E . Do o rg a n ic  com pounds p a y -o ff  in the app le  sp ra y in g
p ro g ra m ?  P ro c . M ich . State H ort. Soc. 81: 2 0 -2 4 . 1951.

34 . . F ru it fin ish , co n cen tra te  sp ra y in g  and r e la te d  p r o b le m s .
P roc . V a. S tate H ort. S o c .,  and A m er. Pom . Soc. 40: 1 2 3 -1 2 7 . 1952.

35. . U npublished  in form ation  on fru it f in ish  s tu d ie s . M ich.
State U niv. D ept. H ort. 19 5 3 -1 9 5 6 .

3 6 . . New sp ra y  c h e m ic a ls  for  a p p les  and th e ir  p la c e  in the
1954 sp ra y in g  ca len d a r . P roc. M ich. State H ort. Soc. 83: 3 1 -3 3 . 1953.

A pple s p r a y i n g  p r o b le m s  and the s e le c t io n  o f sp ra y  
m a te r ia ls .  P roc . M ich . State H ort. Soc. 84: 14-18 and 8 5 -8 7 . 1954.



1 1 6 .

38 . M itch e ll, A. E . How w e a r e  g row in g  b e tter  a p p les  in M ich igan . P roc.
N. Y . State H ort. Soc. 99: 9 4 -9 8 . 1954.

3 9 *___________________• P er fo rm a n ce  of sp ra y  c h e m ic a ls  in 1955. P roc. M ich.
State H ort. Soc. 85: 1 1 1 -1 1 4 . 1955.

4 0 * _________________ * A. C. Dowdy, E. J. K los, and R. H. Fu lton . 1957
S p ray in g  c a len d a r . M ich . State Univ. Ext. Bui. 154. 1957.

__________________ *_ and D. W. K retch m an. F ru it r u s se t in g  of Jonathan
and its  r e la t io n  to co ld  and sp ra y  c h e m ic a l in jury in M ich igan  in 1957. 
P ro c . M ich . State H ort. Soc. 87: 5 9 -6 4 . 1957.

42 . M odlib ow ska, I . , and W. S. R o g e rs . F r e e z in g  o f p lant t is s u e s  under
the m ic r o s c o p e . Jour. Exp. Bot. 6(18): 3 8 4 -3 9 6 . 1954.

43. M o rse , W. J. A pple sp ra y in g  e x p e r im e n ts  in 1916 and 1917. M e.
A gr. E xp. Sta. Bui. 271: 1 0 1 -1 2 8 . 1918.

44. M u e ller , L. E . , P. H. C arr, and W. E . L o o m is . T he su b -m ic r o s c o p ic
s tr u c tu r e  o f p lant s u r fa c e s . A m er . Jour. Bot. 41: 5 9 3 -6 0 0 . 1954.

45 . O rg e ll, W . H. T he iso la t io n  and p e r m e a b ility  o f p lant c u tic le . Ph. D.
T h e s is .  U n iv e r s ity  o f C a lifo rn ia . 1943.

46. Palm  ite r , D. H. R e la tio n  of sp ra y  m a te r ia ls  to r u s se t in g  of D e lic io u s
and G olden D e lic io u s  a p p les . P roc. A m er . Soc. H ort. S c i. 45: 113- 
118. 1944.

4 7 . _________________ , and R . M. S m ock . E ffec t o f fu n g ic id es  on M cIntosh
app le y ie ld  and quality: A f iv e -y e a r  study under H udson V a lley  
co n d itio n s, 1 9 4 9 -1 9 5 3 . N. Y . A gr. Exp. Sta. G eneva Bui. 767: 1 -4 0 . 
1954.

48. . Spray in ju ry  to a p p les  in 1957. N. Y . A gr. Exp. Sta.
Q uart. Bui. 24(1): 2 . 1958.

49. P e s t ic id e  O ffic ia l P u b lica tion  and con d en sed  data on p e s t ic id e  c h e m ic a ls .
A s s o c , o f A m er . P e s t i c i d e  C ontrol O ffic ia ls , Inc. 191 p a g e s . 1955.

50 . P r ie s t ly , J. H. T he c u tic le  o f A n g io sp e r m s. Bot. R ev. 9: 5 9 3 -6 1 6 .
1943.



117.

51 . R a sm u sse n , E. J. E ffec t o f sp ra y  m a te r ia ls  on fin ish  and keep ing
q u a lity  o f a p p les . M ich . A gr. Exp. Sta. Q uart. Bui. 25(3): 2 6 3 -2 7 1 .
1943.

52* _____ ________________ , W. T o en je s , and F . C. Strong. E ffec t of sp ray
tr e a tm en t on fo lia g e  injury, p e s t  co n tro l, and y ie ld  and q u a lity  of 
a p p le s . M ich . A g r . Exp. Sta. Spec. Bui. 347: 1 -2 6 . 1948.

53. R o sen , H. R. Low tem p era tu re  in ju ry  o f app le  b lo s s o m s  and s c a r c ity
of b light in A r k a n sa s  in 1936. Plant D is . R ptr. 20: 1 9 5 -1 9 6 . 1936.

54. S h a rv e lle , E. G. E ffec t of su m m er  fu n g ic id es  on the f in ish  of r u s s e t -
s e n s it iv e  a p p le s . Plant D is . R ptr. 37(4): 2 3 2 -2 3 4 . 1953.

55. S im on s, R. K. F r o s t  in ju ry  on G olden D e lic io u s  a p p le s - -m o r p h o lo ­
g ic a l and a n a to m ica l c h a r a c te r is t ic s  o f r u s s e te d  and n orm al t is s u e .  
P ro c . A m er . Soc. H ort. S ci. 69: 4 8 -5 5 . 1957.

56. S k o ss , J e s s e  D. T h e str u c tu r e  and c h e m is tr y  of the p lant c u tic le  in
r e la t io n  to en v iro n m en ta l fa c to r s  and to p e r m e a b ility . Ph. D. T h e s is  
U niv. Southern C a lifo rn ia , L os A n g e le s . 1953.

57. T e t le y , U. A study o f the a n a to m ica l d eve lop m en t o f the app le  and so m e
o b se r v a t io n s  on the " p ectic  c o n s t itu e n ts” of the c e l l - w a l ls .  Jour. Pom . 
H ort. S c i. 8: 1 5 3 -1 7 2 . 1930.

58. . T he m orp h o logy  and cy to lo g y  of the app le  fru it w ith  sp e c ia l
r e fe r e n c e  to the B ra m ley ’s S eed lin g  v a r ie ty . Jour. Pom . H ort. S c i. 9: 
2 7 8 -2 9 7 . 1931.

59. T ukey, H. B. , and J. O. Y oung. G r o ss  m orp h o logy  and h is to lo g y  of d e v ­
e lo p in g  fru it of the ap p le . Bot. G az. 104(1): 3 -2 5 . 1942.

60 . V ern er , L. H is to lo g y  of apple fru it t is s u e  in r e la t io n  to cra ck in g . Jour.
A gr. R e s . 57(11): 8 1 3 -8 2 4 . 1938.

61. W eintraub, R. L. , J. N. Y eatm an, J. W. Brown, J. A. S k oss, and
J. R. C on over. S tu d ies on en try  of 2, 4 -D  into le a v e s . P roc . 8th N. W. 
W eed C ontrol Conf. p. 5 -1 1 . 1954.



1 1 8 .

62 . W haley, W. G. , L. W. M e r ic le , and C. H e im isch . The w all of the
m e r is t e m a t ic  c e l l .  A m er. Jour. Bot. 39: 2 0 -2 6 . 1952.

63. Y oung, H. C. , and R. C. W alton. Spray Injury to app le. Phytopath.
15(7): 4 0 5 -4 1 5 . 1925.

64. Z sch o k k e , A. U ber den Bau der Haut und die U rsach en  der v e r sc h ie d e n e r
H altb ark eit u n sere  K ern ob stfr lich te . L andw irt. Jahrb. der Sch w eiz .
Bot. II. p. 153. 1897.



119

APPENDIX A  

E xp lan ation  o f T e r m in o lo g y

C erta in  te r m in o lo g y  u sed  in  th is  p a p er  has b een  u sed  in  c ite d  

l it e r a tu r e  w ith  any of s e v e r a l  d ifferen t co n n o ta tio n s. T h e r e fo r e , fo r  c la r ­

if ic a tio n  a s  to th e ir  m ean in g , a l is t in g  o f te r m s  and a b r ie f  d e sc r ip t io n  o f  

th e ir  m o r e  a c ce p ted  u se  w ill fo llow :

A . T e r m in o lo g y  u se d  in  seq u en ce  of fru it d ev e lo p m en t of app le, tak en  

from  M a cD a n ie ls  e t  a l .  (30) and M itc h e ll et^aT (40):

1) D orm ant - fr u it in g  buds c o m p le te ly  e n c lo s e d  by bud s c a le s .

2) D e la y ed  dorm an t - bud s c a le s  and s e v e r a l  s c a le - l ik e  le a v e s  a r e

sh ed  and b a sa l spu r le a v e s  a r e  fla t in the bud e n c lo s in g  the r e c e p ­

ta c le  of the f lo w er .

3) E a r ly  p r e -p in k  o r  c lu s te r  bud s ta g e  - c o r o lla  c o m p le te ly  c o v e r e d

by se p a ls  and the r e c e p ta c le  s t i l l  som ew h at e n c lo se d  by exp an d in g  

le a v e s .

4) P r e -p in k  - sp u r le a v e s  m o s t ly  u n ro lled  and b lo s s o m s  h e ld  to g e th er

by en ta n g lin g  o f the tr ic h o m e s  in a c lu s te r  w ith  the r e c e p ta c le  

e x p o sed .

5) P ink  - in d iv id u al b lo s s o m s  sep a ra ted  w ith in  a c lu s te r  and a ll  b lo s s o m s

h avin g  ex p o sed , but c lo s e d  p e ta ls .



6) F u ll b loom  - a m in im u m  o f th r e e -fo u r th s  of the b lo s so m s  in a ll

c lu s te r s  on the tr e e  unfolded w ith a ll p a r ts  ex p o sed .

7) P e ta l fa ll  - th r e e -fo u r th s  of the p e ta ls  fa llen  from  a ll the c lu s te r s

on the tr e e .

8) F ir s t  c o v e r  - sev e n  to ten  d ays a fter  p e ta l fa ll .

9) Second  c o v e r  - th r e e  w eek s  a fter  fu ll b loom .

T e r m s  r e la t iv e  to anatom y o f the p r o te c tiv e  la y e r s  of the fru it a s  d e s ­

c r ib e d  by O rg e ll (45) and E a m e s  and M acD an ield  (12) and have been  

m is in te r p r e te d  in  p a s t liter a tu r e :

1) C u tic le  - c o n s is t s  o f  one or  m o re  la y e r s  of s e m i- lip o id a l m a ter ia l

e x te r io r  to the ou ter  ep id erm a l c e l l  w a ll that in c lu d es cutin  la y e r s  

and w ax e n c ru sta tio n s .

2) C u ticu la r iza tio n  - the p r o c e s s  of c u tic le  form ation .

3) C u ticu la r  s k ir ts  or  f la n g e s  - the p r o je c tio n s  of the c u tic le  betw een

the a n tic lin a l ep id erm a l c e l l  w a lls . T h e se  fla n g es  a re  often  ca lled  

" p eg s” w hen o b se r v e d  in c r o s s - s e c t io n .

4) Cutin - the s e m i- l ip o id a l p o ly m er  w hich c o n stitu te s  the m atrix  and

u su a lly  th e bulk of the c u tic le . Its ch em ica l nature is  p oorly  un d er­

stood  and it  m a y  be im p reg n a ted  o r  o v e r la in  w ith  w ax of v a r io u s  

fo r m s .
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5) C u tin iza tion  - the p r o c e s s  o f cutin  im p regn ation  of c e l l  w a lls ; p a r t i­

c u la r ly  the e p id erm a l c e l l  w a lls .

6) P h ello g en  - the m e r is te m a t ic  co rk  cam biu m .

7) P h e llem  - co rk y  t is s u e  p rod u ced  c e n tr ifu g a lly  from  the p e llo g en .

8) P h ello d erm  - the th in -w a lled  c e l l s  prod u ced  in tern a lly  by a p h e l­

lo g en .

9) P er id erm  - the c o lle c t iv e  term  ap p lied  to the p h ello g en , p h ellem

and p h e llo d erm .
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APPENDIX B

C h em ica l nature o f sp ra y  m a te r ia ls  d is c u s s e d  in th is  in v e s t ig a tio n .

1) A r a m ite  - 2 -(p -te r t-b u ty lp h e n o x y ) is o p r o p y l-2 - c h lo r o -e t h y l  su lf ite .

2) Captan - N -tr ic h lo r o m e th y lm e r c a p to -4 , 4 -c y c lo h e x e n e - 1, 2 - d i -

c a rb o x im id e .

3) D D T - 1, 1, l - t r ic h lo r o - 2 ,  2 -b is(p ~ c h lo r o p h en y l)  e th a n e .

4) EPN - O -e th y l-O -p -n itr o p h e n y l b en zen e  e th io p h o sp h a te .

5) F erb am  - f e r r ic  d im eth y ld ith io ca rb a m a te .

6) G lyod in  - 2 -h ep ta d e c y lg ly o x a lid in e  a c e ta te .

7) M alath ion  - S - ( l ,  2 -d ica r b o x y e th y l) , O, O -d im eth y l d ith io -p h o sp h a te .

8) M eth oxych lor  - 1, 1, l - t r ic h lo r o - 2 ,  2 - b is  (p -m eth o x y p h en y l)-

e  thane.

9) O votran  - p -c h lo r o p e h n y l-p -c h lo r o b e n z e n e su lfo n a te .

10) P ara th ion  - O, O -d ie th y l, O -p -n itro p h en y l th iop hosp h ate.

11) Ph ix  - P h en y lm e rc u r ic  a c e ta te .

12) Phygon - 2, 3 - d ic h lo r o - l ,  4 - naphthoquinone.

13) T h iram  - te tra m eth y lth iu ra m  d isu lfa te .

14) T r ito n  B 1956 - a p h th a lic  g ly c e r o l a lkyd  r e s in , (u sed  a s  a s u r ­

factan t on ly).


