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PORTER BRONSON LOMBARD ABSTRACT -

A s e r i e s  of s tud ies  w ere  conducted du ring  the p e r io d  of y e a r s  from  

1955 th rough 1958 to d e te rm in e  the tim e of app lication  and the value of naph- 

th a len eace t ic  acid  (NAA), N - 1 -naphthylphta lam ic  acid  (NPA), and 3 -ch lo ro -  

isop ropy l-N -pheny l c a rb a m a te  (3-ch loro  IPC) for b lossom  and f ru it  thinning of 

peaches .

A pplications of NPA during  1955 through on Redhaven and Halehaven 

peach  t r e e s  a t 200, 250, 300 and 400 ppm th re e  days a f te r  full bloom did not 

r e su l t  in suffic ient thinning to e l im inate  hand-thinning, except for the r e s u l t s  

from  the app lica tions  of NPA at 300 ppm on Redhaven t r e e s  in 1956 and 1958. 

The use  of 3 -ch lo ro  IPC at 400 ppm on Redhaven and Halehaven t r e e s  four 

w eeks a f te r  bloom in 1956 and 1957 re su l te d  in has ten ing  f ru it  r ip en in g  and in 

unfavorable  Mbeaked" peaches , but did not thin suffic iently  to e l im ina te  hand- 

thinning. NAA at 30 ppm applied 42 days a f te r  bloom, two weeks a f te r  ” shuck- 

off", in 1957 and 1958 re su l te d  in significant fru it  thinning on Redhaven and 

Halehaven t r e e s .  An applica tion  of NAA on Redhaven 35 days a f te r  bloom at 

30 ppm re s u l te d  in s ignificant thinning, w h ereas  an app lication  of NAA 49 days 

a f te r  bloom re su l te d  in no apparen t thinning.

An application  of NAA at 30 ppm 42 days a f te r  bloom on Redhaven 

and Halehaven t r e e s  in 1957 significantly  reduced  the n um ber  of flow er buds 

in the sp r in g  of 1958.
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A study was in itia ted  in 1958 to com p are  the n a tu ra l  drop of b lo sso m s  

and young f ru i ts  from  Redhaven peach  t r e e s  with the drop re su l t in g  from  the 

use of NAA and NPA as  thinning agents .

The daily b lossom  drop of the contro l t r e e s  was heav ies t  during  a 

seven day p e r io d  one w eek a f te r  bloom. M ost of the drop from  the Redhaven 

peach  t re e s ,  which re c e iv e d  an applica tion  of NPA at 300 ppm th re e  days a f te r  

bloom, took p lace  during  th is  sam e period . The "June" drop of the contro l 

t r e e s  ap p ea red  in two p e r io d s  of heavy fru it  drop, the f i r s t  p e r io d  o c c u r re d  

app ro x im a te ly  35 days a f te r  bloom and rem a in ed  constant for 14 days. The 

second p e r io d  of "June" drop o c c u r re d  about 49 days a f te r  bloom and la s ted  

fo r  11 days. An application  of NAA at 30 ppm 42 days a f te r  bloom a p p ea red  

to delay the second p e r io d  of "June" drop by th re e  days.

A natom ical investiga tions  m ade in 1958 on Redhaven peach es  re v e a le d  

that syngam y took p lace  between seven and 14 days a f te r  bloom. The peach  

em bryo  of both the H alehaven in 1957 and 1958 and Redhaven in 1958 continued 

in the f ilam entous  stage, l in e a r  in shape, for a 28-day p er iod . This  form  d e ­

veloped im m ed ia te ly  a f te r  the f i r s t  division of the zygote. The em bryo  becam e 

bulbous in shape, the sp h e r ic a l  stage, app rox im ate ly  42 days a f te r  bloom 

and continued for about seven days. Rapid growth of the peach  em bryo  was 

o b se rv ed  about 49 days a f te r  bloom during  the tra n s i t io n a l  stage, when the
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em bryo  changed to a t r ian g le  shape. C e llu la r  fo rm ation  of the endosperm  

o c c u r re d  about 42 days a f te r  bloom. The seed  and p e r ic a rp  of the peach  

continued to grow at a rap id  ra te  for a p e r io d  of 49 days a f te r  bloom when a 

sharp  decline in grow th o c c u r re d .

Diethyl e th e r  e x t r a c ts  from  peach  seeds  co llec ted  from  Redhaven 

t r e e s  from  June 2, 1958, four weeks a f te r  bloom and at week in te rv a ls  th e re  

a f te r  fo r  a p e r io d  of four weeks, rev e a le d  that the na tu ra l  horm one content 

of the ac id  and n eu tra l  f rac t io n s  reach ed  a m axim um  in quantity s ix  weeks 

a f te r  bloom. F ro m  v a r io u s  qualita tive  te s ts ,  it ap p ea red  that the n a tu ra l  

horm one p re se n t  in the acid  f rac tion  was not IAA, however, th e re  was a 

s tro n g  indication that the na tu ra l  horm one p re se n t  in the n eu tra l  f rac tio n  

w as EtLA.
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1.

INTRODUCTION

Blossom and f ru it  thinning is  a n e c e ss i ty  in c o m m e rc ia l  peach  g ro w ­

ing, a s  o ver  p roductiv ity  is  com m on for the peach  t r e e .  Since th is  m ethod of 

thinning p re s e n ts  a m eans  of e l im inating  an expensive p ro c e d u re  of rem oving  

p a r t  of the b lo sso m s and young f ru it  with hand labor, m any investiga tions  of 

ch em ica l thinning of peaches  have been s tim ula ted . Thus fa r  the r e s u l t s  of 

th ese  s tud ies  have been co n trad ic to ry  p r im a r i ly  because  of the e r r a t i c  r e sp o n se  

of peach  t r e e s  to the chem ica l thinning tre a tm e n ts .

The p lant reg u la to r ,  naphthaleneacetic  ac id  (NAA), used  s u c c e s s ­

fully for thinning app les  when applied  as  a fo lia r  sp ray  during  and sh o rtly  a f te r  

bloom, was found to re su l t  in effective thinning of peach es  at low c o n c e n tra ­

tions when it was applied 30 to 42 days a f te r  bloom (33, 44). C er ta in  in v e s t i ­

g a to rs  have a t tr ib u ted  its  fa i lu re  to reduce  the fru it  se t of p each es  when 

applied  sh o rtly  a f te r  bloom to lack  of abso rp tio n  of the thinning agent because  

of the lim ited  leaf su rface  of the t r e e s  (6). M urneek (74) believed  that the 

p each  em bryo  which p lays  a functional ro le  in thinning, was r e s i s ta n t  to inh ib­

ition by NAA during  its  inactive stage im m edia te ly  a f te r  fe r t i l iz a t io n .

The induction of em bryo abo rtion  ap p eared  to M urneek  and T eubner 

(76) and Luckwill (62) as  the m echan ism  action  in which thinning of app les  was 

acco m p lish ed  with pos t-b loom  applica tions  of NAA. The em bryo  of the apple
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is  in a v e ry  e le m e n ta ry  s tage of development, 8- to 16-celled , .two w eeks 

a f te r  full bloom. This  has been found to be one of the m o st sen s it iv e  p e r io d s  

fo r  thinning apples  with NAA (96). Tukey and Young (102) s ta ted  that the 

e a r ly  growth and developm ent of the peach  em bryo  ap p e a re d  to take p lace  

m o re  slowly than that of the apple. T h is  could account fo r  the in e ffec tiv e ­

n ess  of NAA as  a thinning agent fo r  peach es  when applied  c lo se  to bloom.

If the concept of em bryo abortion  is  en t ire ly  accountable  as  a cause  

of f ru it  thinning, the e a r ly  developm ent of the peach  em bryo  should be m o re  

c lo se ly  investiga ted  in an a ttem pt to recogn ize  what m ay  account for the la te  

p e r io d  of sensit iv ity  of peaches  to NAA a s  a thinning agent in c o n tra s t  to the 

e a r ly  p e r io d  of sen s it iv ity  fo r  the apple.

Another p lant reg u la to r ,  N -l-n ap h th y lp h th a lam ic  ac id  (NPA) has 

been found to effectively  reduce  blossom  se t  of peach  t r e e s ,  if applied  w ith ­

in a seven -day  p e r io d  im m edia te ly  a f te r  full bloom (29). T h e re fo re ,  the 

thinning action  of NPA a p p e a rs  to be of a d ifferen t n a tu re  than that of NAA. 

C o n tra ry  to NAA, the thinning action  of NPA is  r e la te d  to the e a r ly  develop­

m en t of the peach  flow er and its  component p a r t s .

Because of the vary ing  r e s u l t s  re p o r te d  on chem ica l thinning of 

peaches ,  and the ap p aren t v a r ia tio n  in tim e of application  for the d ifferent 

ch e m ic a ls  r e su l t in g  in effective thinning, a study was undertaken  with the 

following ob jec tives  in mind: (1) to de te rm in e  the tim e of application,



concen tra tion , and effec ts  of NPA, NAA and 3 -ch lo ro  IPC fo r  effective c h e m i­

cal thinning of peaches , (2) to co m p are  the n a tu ra l  drop of peach  b lo sso m s  

and f ru i ts  to the d rops  from  NPA and NAA t re a te d  t r e e s  to d e te rm in e  the 

r e a s o n  fo r  the drop, (3) to r e la te  the developm ent of the em bryo, endo sp erm , 

and p e r ic a rp  of the peach  with the t im e  of applica tion  of the p lan t re g u la to rs ,  

NPA and NAA, fo r  m o re  effective thinning, and (4) to d e te rm in e  the r e l a ­

tive co ncen tra tion  and content of n a tu ra l  ho rm ones  o c c u r r in g  in peach  seeds  

fo r  the p e r io d  four weeks a f te r  bloom through "June" drop.



LITERATURE REVIEW

C hem ical Thinning of F ru i t

Chem ical thinning as  r e la te d  to t r e e  f ru i ts  r e s u l t s  in the rem o v a l of 

a portion  of the f low ers  o r  f ru i ts  by the application  of a chem ica l during  o r  

a f te r  bloom to in c re a se  the s ize  of the fru it  at h a rv e s t  tim e and to reduce  

annual bearing . The m a te r ia ls  used can be divided into two c la s se s ,  " c a u s t ic ” 

ch em ica ls  and p lant re g u la to r  compounds.

Working with a d in itro  sp ray  as  a "caus tic"  m a te r ia l  in 1933, A uchter 

and R o b er ts  (3) found it p o ss ib le  to reduce  the b lossom  se t of apple t r e e s  w ith ­

out undue in ju ry  to the t re e .  W atson (105) showed that the d in itro  compounds 

reduce  se t  by in ju ring  the s ty le  of the p is t i l  p rev en tin g  p o ss ib le  fe r t i l iza tio n . 

Since the r e p o r t  of A uchter and R oberts  (3, 4), m any p a p e rs  have been p r e ­

sented  on the use  of cau s tic  ch em ica ls  fo r  blossom  thinning of t r e e  f ru i ts  and 

Batj e r  and Hoffman (6) have m ade an excellen t rev iew  of th ese  p re se n ta t io n s .

Because of the re q u ire d  c r i t ic a l  tim ing  of d in itro  sp ra y s  and the 

e r r a t i c  r e s u l t s  from  th e ir  use, cons ide rab le  a tten tion  has been focused  on 

p lan t re g u la to r  m a te r ia ls  fo r thinning fru it.

In 1941 Burkholder and McCown (15) r e p o r te d  that n ap h tha lene­

ac e t ic  ac id  (NAA) would reduce  f ru i t  set when applied  as  a sp ra y  to apple 

t r e e s  in full bloom. T h is  was substan tia ted  sho rtly  a f te rw a rd  by Schneider  

and Enzie  (84, 85), and G reene  (31).
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D evelopm ent of p o s t  bloom thinning began with a r e p o r t  by Davidson 

et a l .  in 1945 (22). Stebbins, Neal and G a rd n e r  (91) con firm ed  these  r e s u l t s  

u s ing  naph tha leneacetic  ac id  (NAA) effectively  from  p e ta l- fa l l  to two weeks 

a f te r  p e ta l- fa l l .

A num ber of investigations  followed which w ere  concerned  with the 

t im e of app lication  and concen tra tion  of NAA for the v a r io u s  apple v a r ie t ie s  

(1, 6, 23, 24, 25, 34, 35, 60, 62, 72, 74, 88, 89, 90).

M urneek  (74) s ta ted  that the range of NAA concen tra tion  for f ru it  

thinning of app les  in M isso u ri  w as between 10 and 30 ppm depending upon the 

v a r ie ty  and the tim e of application . Batjer (6) in Washington, and Luckwill 

(60) in England, found that e a r l i e r  the applications of NAA in c re a se d  the e f ­

fec tiv en ess  of any single concentra tion  in post-b loom  thinning of app les . 

Luckwill (62), though, found that the g re a te s t  thinning effect obtained from  NAA 

on C raw ley  Beauty was a t the t im e the endosperm  changes from  the f re e -  

n u c le a r  condition to the c e l lu la r  stage.

NAA w as the f i r s t  p lan t growth re g u la to r  suggested  as  a p o ss ib le  

thinning agent fo r  peaches .  Southwick, E dgerton  and Hoffman (87) r e p o r te d  

l i t t le  su c c e ss  in reducing  the f ru it  se t on Golden Jubilee, E lb e r ta  and V aliant 

in 1947 with e i th e r  the sodium sa lt  o r  the methyl e s t e r  of naph tha leneace tic  

ac id  at concen tra tions  of 10 to 40 ppm. The app lica tions  w ere  m ade during  

the p e r io d  of full bloom to 20 days a f te r  bloom. M urneek  and H ibbard  (75)
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a lso  re p o r te d  un su ccess fu l  thinning of p eaches  with NAA at the sam e co n ­

c e n tra t io n s  and p e r io d  of application.

T h re e  y e a rs  la te r ,  H ibbard and M urneek  (33) found that NAA applied  

35 days a f te r  full bloom on E lb e r ta  a t 40 to 60 ppm, s ign ifican tly  reduced  

f ru i t  set. T h e ir  explanation of the significant thinning was that the em bryo  

is  r e s i s ta n t  to inhibition by NAA during  its  inactive s tage . They im plied  

that the application  m ust be m ade a f te r  the inactive s tage  to be effective.

Batjer and Hoffman (6) re p o r te d  favorable  p each  thinning with 10 

to 30 ppm of NAA applied  30 days a f te r  full bloom when e a r l i e r  app lications  

w e re  found to be unsuccessfu l They a ttr ib u ted  the ineffective thinning with 

NAA when applied  sho rtly  a f te r  bloom to the l im ited  leaf  su rface  fo r a b s o rp ­

tion of the thinning agent.

Kelley (40, 41, 42, 44) a lso  r e p o r te d  favorable  peach  thinning with NAA 

when applied  two w eeks a f te r  "shuck-o ff” , about 42 days a f te r  full bloom.

F rom  experience , he found that the date of the "shuck-off"  stage was m uch 

b e t te r  than full bloom for ca lcu la ting  the optimum tim e of applica tion  (44).

A second m a te r ia l ,  3 -ch lo ro - iso p ro p y l-N -p h en y l  c a rb a m a te  (3 -ch lo ro  

IPC) was r e p o r te d  by M arth  and Prince in 1953 (66) as  an effective thinning 

agent of peach es  when u sed  at concen tra tions  of 200 to 500 ppm 30 and 42 days 

a f te r  full bloom. They a lso  r e p o r te d  that t re a te d  f ru i ts  m a tu re d  e a r l i e r  and 

w ere  so f te r  than those not t re a te d .  And, no foliage in jury  o c c u r re d  from  the
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u se  of 3 -ch lo ro  IPC which was not t ru e  for naphthaleneacetic  acid. Kelley 

(41) o b se rv ed  effective thinning with 3 -ch lo ro  IPC applied two w eeks a f te r  

"shuck-o ff” , 42 days a f te r  full bloom, at 200 ppm on E lb e r ta  and a t 400 ppm 

on Halehaven, but ex tensive  fru it  in jury  re su l te d .  H orsfa ll  and M oore (36) 

found s a t is fa c to ry  thinning of Halehaven with 3 -ch lo ro  IPC at 200 to 300 ppm 

applied  35 to 48 days a f te r  full bloom, and of E lb e r ta  a t  300 ppm applied  38 

to 40 days a f te r  full bloom. In all c a se s  hand thinning had to supplem ent the 

chem ica l thinning, but no f ru it  in jury  was rep o rted .

Recently, E dgerton  and Hoffman (29) t ry in g  va r io u s  growth r e g u ­

la ting  ch em ica ls  r e p o r te d  thinning of Redhaven, Halehaven, E lb e r ta  and July 

E lb e r ta  with N - l-n ap h th y lp h th a lam ic  acid  (NPA). This  m a te r ia l  was found 

to be m o st effective when used approx im ate ly  th re e  days a f te r  full bloom.

They suggested  a concen tra tion  range of 150 to 400 ppm depending on the v a r ie ty .  

Burkholder and A rm stro n g  (14) using  th is  sam e m a te r ia l  had r e s u l t s  v ary ing  

from  no thinning to favorab le  thinning, to over-th inn ing . Westwood (106) 

su ccess fu lly  used  NPA at 200 and 300 ppm one week a f te r  full bloom on E lb e r ta  

and Redhaven. Westwood favored  the la te r  application in o rd e r  to e lim ina te  

the danger  of thinning before a p o ss ib le  la te  killing f ro s t .

N atu ra l A bsc iss ion  of Young F ru i t

Many in v e s t ig a to rs  have studied the o c c u r re n c e  of n a tu ra l  f ru i t  drop 

which tak es  p lace  e a r ly  in the grow ing season . This drop a p p e a rs  to be c lo se ly



a s so c ia te d  with the rem o v a l of f low ers  and young fru it  by the app lication  of 

v a r io u s  thinning ch em ica ls .

A b sc iss io n  of apple f ru i ts  e a r ly  in the growing seaso n  as  d e sc r ib e d  

by Howlett (37) tak es  p lace  a s  two p r im a r y  ' ’d rops" . He co n s id e red  tha t the 

f i r s t  drop usually  cons is ted  of "unenlarged" flow ers and "en la rged"  flow ers , 

while the second drop consis ted  of only the la t te r .  M urneek (71) pointed out 

that a b sc is s io n  of young apple f ru i ts  con s is ted  of four p e r io d ic  "w aves". The 

f i r s t  drop was ac tua lly  two o v e r- lap p in g  "w aves". The f i r s t  one con s is ted  

of abnorm al and of unpollinated flow ers . This drop a lso  included po llina ted  

f low ers  when fe r t i l iz a t io n  had fa iled  to take p lace . The second "wave" con ­

s is te d  of f low ers  in which the to ru s  had en larged . The second drop o r  "June" 

drop M urneek  divided into th ird  and fourth  a b sc iss io n  "w ave” although the 

evidence for th is  division w as not too s trong. The la s t  two "w aves" of f ru it  

ab sc iss io n , he pointed out, cons is ted  of f ru it  w here  fe r t i l iz a t io n  was followed 

im m ed ia te ly  by em bryo  abortion.

Detjen (26) suggested  only two p e r io d s  of drop following bloom for 

peach  t r e e s .  The f i r s t  drop sho rtly  a f te r  bloom con s is ted  p r im a r i ly  of dev e l­

oping p is t i l s ,  but m ay contain  som e f ru its  with abo r ted  p is t i l s  and with "unde­

veloped" p is t i l s .  The "June" drop, the second period , he s tated , co n s is ted  

e n t i re ly  of fru it  w ith developing em bryos. The "June" drop, he described , 

w as m uch  h eav ie r  than the f i r s t .



9.

Bradbury (7) found th re e  p e r io d s  of a b s c is s e d  im m a tu re  c h e r ry  f ru it  

following the in itia l  drop of ’’undeveloped" p is t i ls .  She found som e unpollinated 

f lo w ers  dropping  a s  la te  a s  two and one-ha lf  weeks a f te r  bloom. She o b se rv ed  

a  degen era tio n  of the em bryo  sac  of the a b sc is s in g  f ru i ts  caused  by in co m p a ti­

b ility  of g am etes  with f ru it  drop reach in g  a peak  th re e  and o n e-h a lf  w eeks a f te r  

bloom. "D rops"  from  the th i rd  p e r io d  o c c u r r in g  six  and one-ha lf  weeks a f te r  

bloom, co n s is ted  of f ru i ts  w ith degenera ted  em b ry o s  a n d /o r  e n d o sp e rm s .

The cause  of young f ru i t  a b sc is s io n  acco rd in g  to Howlett (37) and 

B radbury (7) a p p e a rs  to be nu tri t iona l  com petition. However, D etjen  (26) 

and D etjen  and G ray  (27) co n s id e red  genetic  fa c to rs  of g r e a te r  im portance  

than  the env ironm enta l one of nu trit ion . K raus  (46) o b se rv ed  that the e a r l i e s t  

d ro p s  of im m a tu re  apples, which fell sho rtly  a f te r  the a b sc is s io n  of fe r t i l iz e d  

flow ers , showed slight o v u la r  development, but with evidence of le s s  endo­

sp e rm  and em bryo  developm ent in those ovules a s  co m p ared  to those in the 

f ru i t  r e m a in in g  on the t re e .  Detjen (26) and M urneek  (71) s t r e s s e d  that em bryo  

abo rtio n  was p r im a r i ly  re sp o n s ib le  for the a b sc is s io n  of the im m a tu re  f ru i t s  

of the ’’June” drop. Bryant (13) m aking  a study of the fa c to rs  a ffec ting  em b ry o s  

in the M cIntosh, s ta ted  "The v igor  of the apple em b ry o s  r e su l t in g  from  e f fe c ­

tive po llination  continued to be m an ife s ted  in endosperm  developm ent. "

Studying the C a rm an  v a r ie ty  of peach, H a r ro ld  (32) o b se rv e d  that the 

zygote nucleus divided 12 days a f te r  bloom. T h is  was p re ced ed  by the f i r s t
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end o sp erm  nucleus d ivision by two o r  th re e  days. The endosperm  rem a in ed  

in a f r e e -n u c le a r  s ta te  until the end of the sixth week. He a g re e d  w ith Bradbury 

(7) in o b se rv in g  th re e  p e r io d s  of f ru i t  drop, the f i r s t  du ring  a th re e -w e e k  

p e r io d  beginning one to th re e  days before bloom, the second la s t in g  a p e r io d  

of seven days at five w eeks a f te r  bloom, and the th ird  during  a seven-day  

p e r io d  about the seventh  week a f te r  bloom. The drops  of the f i r s t  p e r io d  co n ­

s is te d  m o stly  of f ru i ts  with ovules which d eg enera ted  betw een the m eg a sp o re  

m o th e r  ce ll  s tage and the e a r ly  m egagam etophyte  stage. The ovules of o th e r  

f ru i t s  in th is  group gave evidence that fe r t i l iz a t io n  had taken  p lace . The 

d ropped  f ru i ts  of the second and th ird  p e r io d s  w ere  found to have ovules in 

w hich the nucellus, endosperm , and em bryo  lacked no rm al developm ent, as  

m e a s u re d  by s ize . The only s t ru c tu ra l  d ifference  he could o b se rv e  between 

the developing f ru i t  and the a b s c is s e d  f ru i t  w as the degenera tion  of the nucellus  

in the cha laza l  reg ion  of the a b s c is s e d  fru it.  F ro m  th is  o b se rv a t io n  he b e ­

lieved that such d iso rd e r  in the chalaza l reg ion  would d is a r r a n g e  the v a sc u la r  

system  and m ight cause  d is in teg ra t io n  of the endosperm  and abo rtio n  of the 

em bryo  because  of the fa i lu re  of food conduction.

D o rsey  (28) found that the f i r s t  d iv ision of the endosperm  in E lb e r ta  

p each es  o c c u r re d  about 20 days a f te r  full bloom, and in the zygote a w eek la te r .  

The em bryo  had re a c h e d  only a  s ix - to  e ig h t-c e l le d  s tage a s  late  a s  40 days 

a f te r  full bloom. F o r  the J. H. Hale, a v a r ie ty  in which r e ta rd e d  f ru i ts  o r



"buttons"  a r e  common, he found the developm ent of the em bryo  and endosperm  

g re a t ly  r e ta rd e d  as  co m p ared  to the E lb e r ta .  He believed  that "s ing le  f e r t i l i ­

za tion", r e f e r r in g  to a single gam ete  fusion of e i th e r  the egg o r  the endosperm  

nucleus, was the m o st  p robab le  cause  of th is  condition. F rom  th is  he in fe r re d  

that em bryo  and endosperm  developm ent a r e  in terdependent.

Tukey (100, 101) by a r t i f ic ia l ly  des tro y in g  c h e r ry  and peach  em b ry o s  

a t v a r io u s  p e r io d s  of growth, d em o n s tra ted  that the em bryo  has a definite 

b e a r in g  on fru it  fo rm ation . D es truc tion  of the em bryo e a r ly  in the developm ent 

of the fru it,  du ring  the a r r e s t e d  p e r ic a rp  developm ent o r  e a r l ie r ,  r e su l te d  in 

ab rup t check  in f ru it  growth, and eventual a b sc is s io n  of the fru it .  D es tru c tio n  

of the em bryo  a f te r  th is  stage did not influence f ru it  developm ent.

Seed and F ru i t  Developm ent

Many in v e s t ig a to rs  have s tudied the developm ent of the em bryo  and 

endosperm  in re la t io n  to the developm ent of the pom e and stone f ru i ts .  How­

ever , th e re  is  s ti l l  in fo rm ation  to be derived . M aheshw ari (65) s ta ted  that 

a f te r  fe r t i l iz a t io n  the zygote re m a in s  inactive. The dura tion  of inac tiv ity  

depends on the sp e c ie s  and env ironm enta l conditions. The f i r s t  d iv ision  of 

the zygote is  followed a lm o st  alw ays by the fo rm ation  of a t r a n s v e r s e  wall, 

fo rm in g  a  te rm in a l  ce ll a t the in te r io r  side of the em bryo  sac and basa l  ce ll 

a t  the e x te r io r  side. Six p r in c ip a l  types of em b ry o s  am ong Dicotyledons have 

been reco g n ized  by Johansen (39) based  on w hether the te rm in a l  cell d ivides
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longitudinally  o r  t r a n s v e r s e ly  and on the contribution  of the basa l ce ll  to the 

developing em bryo . T h ese  six  em bryo types a re  P iperad , Onagrad, A ste rad , 

Solanad, Cryophyllad  and Chenopodiad.

T eu b n er  and M urneek (96) s ta ted  that the apple em bryo  can be c lo se ly  

co m p ared  to that of Geum urbanum  which has  been c la s s i f ie d  by M aheshw ari 

(65) a s  an A s te ra d  type. T h e re  w as a single t r a n s v e r s e  d iv ision  in th is  zygote 

which w as followed by an oblique d iv ision  in the te rm in a l  cell and a second 

t r a n s v e r s e  division in the basa l cell.

In c o n tra s t  to the findings of T eubner and M urneek (96), M eyer  (67) 

o b se rv ed  that the d is t i l  ce ll of the fo u r-c e l le d  em bryo of the M cIntosh apple 

which is  fo rm ed  from  a  t r a n s v e r s e  division of the d is ta l  cell of the tw o-ce lled  

em bryo, p ro d u ces  all the t i e r s  of the em bryo  p ro p e r .  He suggested  that the 

apple em bryo  developm ent w as of the Solanad type from  Johansen*s (39) c l a s ­

sification. The em bryo  of the peach  has not been c la s s i f ie d  a s  to type.

M eyer  (67) studying the e a r ly  developm ent of the M cIntosh em bryo  

from  the zygote to the beginning of the co ty ledonary  stage, p ro p o sed  th re e  

s tages  based  on the b road  p a t te rn s  of m e r is te m a t ic  activ ity . The f ir s t ,  the 

"filam en tous"  stage, began with the zygote and continued as  long as , acco rd in g  

to M eyer, "The em bryo  grow s and divides as  a l in e a r  object. " The " s p h e r i c a l ’1 

stage, the second, began when the d is ta l  t i e r s  of ce l ls  in c re a se  in s ize  in th re e  

d im ensions .  The th ird , the " tra n s i t io n a l"  stage, was m ark ed  by a change in



the d is tr ib u tio n  of growth, giving a t r ia n g le  ap p earan ce  to the em bryo, and 

c lo sed  when the two co ty ledonary  p r im o rd ia  p ro tru d e  from  the su rface  of the 

em bryo .

M aheshw ari  (65) s ta ted  that in m ost c a s e s  the f i r s t  d iv ision  of the 

p r im a r y  endosperm  p re c e d e s  the f i r s t  zygote division. T h re e  types of endo­

sp e rm  developm ent w e re  recogn ized  by M aheshw ari as  nuc lear ,  ce llu la r ,  o r  

helobial.

Pechoutre  (81), O s te rw a ld e r  (79), Tukey (97), and Luckwill (56) 

have found the endosperm  developm ent of the apple and stone f ru i ts  to be 

n u c lea r .  In the n u c lea r  type, the f i r s t  div ision and a few of the subsequent 

d iv is ions  do not form  walls, but the nuclei m ay  e i th e r  r e m a in  f ree  o r  in la te r  

s tag es  becom e se p a ra te d  by w alls . As Brink and Cooper (10) have an excellen t 

rev iew  of em bryo  and endosperm  developm ent in d icoty ledonary  p lan ts ,  only 

the l i t e r a tu r e  re la t iv e  to the developm ent of the component p a r t s  of the peach  

seed  will be d iscu ssed  he re .

O s te rw a ld e r  (79) r e p o r te d  that the f i r s t  ce ll div ision in the zygote 

of hand-po llina ted  apple f low ers  o c c u r re d  nine days a f te r  pollination. This, 

he sta ted , was followed by a p e r io d  of ra p id  growth 12 to 16 days a f te r  full 

bloom when the em bryo  was in the fou r-  to e ig h t-c e l l  s tage. Knight (45) co n ­

f i rm e d  the o b se rv a tio n s  of O s te rw a ld e r  of the e a r ly  s tag e s  of em bryo  develop­

m ent.

F ro m  O ste rw alder*s  findings (79) the d ivision of the endosperm
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nucleus  p re c e d e d  that of the zygote. He showed that one of the f i r s t  two endo­

sp e rm  nuclei m ig ra te d  tow ard  the m ic ro p y la r  end of the em bryo  sac; and, it 

w as from  th is  nucleus that the c e l lu la r  endosperm  was derived . The r e m a in ­

ing nucleus  fo rm ed  the la rg e -n u c le a r  endosperm  in the cha laza l reg ion . 

O s te rw a ld e r  (79) d e sc r ib e d  a lso  the is th m u s  of c o n s tr ic t io n  which divided the 

em bryo  sac  into two reg ions.  He found that the cell w alls  of the endosperm  

w e re  not la id  down beyond the is th m u s  tow ard  the cha laza l  reg ion  and suggested  

tha t  th is  was due to the chem ica l m ake-up  and nu tri t ive  function of that reg ion .

Pechou tre  (81) app aren tly  m ade the f i r s t  o b se rv a tio n s  of em bryo  d e ­

velopm ent in the Prunus sp ec ie s .  Although the de ta ils  w ere  not definite  from 

a t im e  re la tionsh ip , he im plied  that the em bryo developm ent of the Prunus 

sp ec ie s  was m uch s lo w er  than the em bryo  developm ent of the apple.

Tukey (97) found the em bryogeny of P runus avium to be s im i la r  to 

Pyrus  m a lu s .  He o b se rv ed  that the f i r s t  d iv ision of the sweet c h e r ry  zygote 

o c c u r re d  about four days a f te r  full bloom when it p roduced  a su sp e n so r  cell. 

Subsequence em bryo  developm ent w as v ery  slow until about 24 days a f te r  full 

bloom, when a sudden rap id  developm ent of the em bryo takes  p lace . The 

p r im a r y  endosperm  nucleus  of the sw eet c h e r ry  as  d esc r ib ed  by Tukey (97) 

divided p r io r  to the d ivision of the zygote. Cell w alls  began to a p p ea r  on the 

ninth day a f te r  full bloom at the m ic ro p y la r  end of the em bryo  sac. Cell wall 

fo rm atio n  continued p ro g re s s iv e ly  from  the m ic ro p y la r  to the chalaza l end



and from  the p e r ip h e ry  inw ard  until it becam e a solid  m a ss .  He found that 

the cha laza l  reg ion  of the em bryo  sac  n ev er  becam e m u lt ice l lu la r .  The 

ra p id  developm ent of the c e l lu la r  endosperm  of the sweet c h e r ry  com m enced  

about seven days befo re  the rap id  developm ent of the em bryo.

Tukey (98, 99) p ro p o sed  th re e  s tages  of f ru it  developm ent for P runus 

p e r s i c a  and Prunus c e r a s u s .  The f i r s t  s tage (Stage I) was c h a ra c te r iz e d  by a 

p e r io d  of ra p id  in c re a se  of the p e r ic a rp  following fe r t i l iza t io n .  Coinciding 

with th is  w as the rap id  developm ent of the nucellus and in tegum ents. F o r  the 

peach, Stage I continued for about 40 to 50 days during  which the growth of 

the em bryo  was ex tre m e ly  slow. In Stage II th e re  was a m a rk e d  decline in 

the r a te  of grow th of the p e r ic a rp  and a cessa t io n  of growth of the nucellus 

and in tegum ents . He found that the em bryo com m enced  to grow rap id ly  at 

the beginning of Stage II and re a c h e d  m axim al s ize  by the end of Stage II. The 

endocarp  began to hard en  during  th is  stage. It was suggested  by Tukey (97), 

H a rro ld  (32), and Luckwill (57) tha t the in itia tion  of th is  p e r io d  of rap id  em bryo  

developm ent in both the stone f ru i ts  and the apple m ay coincide with the change 

of the endosperm  from  a f r e e -n u c le a r  to a c e l lu la r  s ta te . The beginning of 

Stage III was coincident with the second rap id  in c re a se  in ra te  of growth of 

the p e r ic a rp ,  and continued until the fru it  was m atu re .  Tukey (98) found that 

in e a r ly  r ipen ing  v a r ie t ie s  of peaches  Stage III began when the em bryo  was 

in a p e r io d  of rap id  growth, which, in turn, so m e tim es  caused  em bryo  abortion .

O ther in v e s t ig a to rs  who have em phasized  the th re e  definite s tag e s  of
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grow th fo r  the stone f ru i ts  a r e  Connors (16), L ille land  (48), Lott (52, 53), 

H a r ro ld  (32), and Lott and A shley  (54) on peaches ; L ille land  (46, 50) on 

a p r ic o ts ;  L il le land  and N ewsom e (51) on c h e r r ie s ;  L il le land  (49) on plum s; 

and Brooks (12) on a lm onds.

Tukey and Young (102) suggested  a s im i la r  p e r io d ic ity  in the growth 

of the apple indicating that the c a rp e l  of the apple developed s im ila r ly  to the 

p e r ic a rp  of the P runus f ru its .  They found that the c a rp e l  b lades and the nucellus  

and in tegum ents  reach ed  full length e a r ly  in the developm ent of the fru it ,  while 

the em bryo  rem a in ed  m ic ro sc o p ic  fo r  some tim e a f te r  full bloom. However, 

unlike the em bryo  of P ru n u s , the em bryo  of the apple began rap id  developm ent 

befo re  the nucellus  and in tegum ents  and the c a rp e l  blade have heached m a x i­

mum length. They believed  that th e re  was g r e a te r  s im i la r i ty  between the 

developm ent of the em bryo, nucellus  and in tegum ents, and the ca rp e l  of the 

apple and of the P runus f ru i ts  than th e ir  findings revea led .

M itchell (68) found a c lo se  s im i la r i ty  in fru it  developm ent between 

the p e a r  and the drupe f ru i ts .  He noted that the en la rg em en t on the e n t i re  

f ru i t  of the Bartle tt p e a r  was v e ry  rap id  just a f te r  full bloom and la s ted  up to 

eight w eeks when growth declined noticeably. He r e p o r te d  that the nucellus  and 

in tegum ents  acq u ired  a lm o st  th e i r  full length during  th is  e a r ly  p e r io d  of rap id  

f ru i t  growth, while the em bryo  re m a in e d  m ic ro sco p ic .  R ela ted  to the decline 

of f ru it  grow th eight w eeks a f te r  full bloom was the ra p id  in c re a se  in length



of the em bryo  which reach ed  its  m axim um  size  about four weeks la te r .  

R esum ption  of rap id  grow th of the e n tire  p e a r  f ru it  10 weeks a f te r  full bloom 

w as found to be re la te d  to a decline in em bryo  developm ent.

As re p o r te d  by Tukey and Young (102) and M itchell (68), the e a r ly  

developm ent of the co r tex  of the apple and the en la rg em en t of the ca rpe l ,  pith, 

and c o r te x  of the p e a r ,  involved an ap p rec iab le  amount of growth by both cell 

d iv ision  and cell en la rgem en t.  However, cell d iv ision c eased  at about the 

t im e  of rap id  em bryo  developm ent. By con tras t ,  cell d iv ision in the fleshy 

p e r ic a rp  of the so u r  c h e r ry  (99) and of the c ling  peach  (5) did not c e a se  until 

about the f i r s t  half of Stage II, during  rap id  em bryo development. F ru i t  e n ­

la rg em en t of the apple, p e a r ,  and stone f ru i ts  a f te r  the p e r io d  of rap id  

em bryo  growth was brought about a lm o s t  e n t ire ly  by cell en la rgem en t.

Suggested M echan ism s fo r  F r u i t  Thinning with N aphthaleneacetic  Acid

Many investiga tions  have been conducted re g a rd in g  the p o ss ib le  m e c h ­

an ism  by which NAA m ay red u ce  f ru i t  set. Van O verbeek (103) suggested  from  

in d ire c t  evidence that NAA m ay  a c c e le ra te  ab sc is s io n  of young f ru i ts  by a c c e l ­

e ra t in g  growth in the a b sc is s io n  zone of the pedicel, which functions in the 

decom position  of the m iddle  lam ella . This condition led eventually  to the 

m ech an ica l  f ra c tu re  of the a b sc is s io n  zone causing  the f ru it  to drop.

R ecently  Luckwill (62) o b se rv ed  that NAA sp ray ed  on open apple 

f lo w ers  before  pollination  induced incom patib ility  between pollen  tubes and
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s ty la r  t issu e ,  thus accounting  fo r  thinning action  of NAA when applied at 

th is  s tage . When NAA was applied  on apple t r e e s  during  post bloom, an 

obvious delay in im m a tu re  fru it  dropping has been o b se rv ed  by four in v e s t i ­

g a to rs  (62, 76, 89, 93). T h e re fo re ,  one of the effects  of thinning sp ra y s  of NAA 

ap p ea red  to be a te m p o ra ry  delay of a b sc is s io n  for one o r  two weeks, which 

is  s im i la r  to the effect p roduced  by a p r e h a rv e s t  app lica tion  of NAA to p r e ­

vent f ru i t  drop (93). S tru ck m ey er  and R oberts  (93) p ro p o sed  a poss ib le  

m ech an ism  of NAA thinning a f te r  recogn iz ing  th is  effect. T h e ir  hypothesis  

co n s id e re d  the p lan t re g u la to r  thinning of fru it  as  an  ex tension  of im m atu re  

f ru i t  drop, re su l t in g  from  the nu tri t iona l com petition caused  by the t e m p o r ­

a r i ly  in c re a se d  set.

A fourth  p o ss ib le  m echanism  of f ru it  thinning using  NAA has been 

p ro p o sed  by M urneek  (71, 73) by an explanation of n a tu ra l  f ru it  drop involving 

the functional im portance  of the em bryo  as a na tu ra l  so u rce  of horm one to 

p re v e n t  f ru i t  a b sc iss io n .  M urneek  (73) found that with NAA thinning sp ra y s  

on apples, la rg e  f ru i ts  tended to re m a in  on the tree ,  w h ereas  sm all  f ru i ts  

a b sc is se d .  He be lieved  that th is  was due to the p re se n c e  of l a r g e r  num ber of 

seeds  in the l a r g e r  f ru i ts  with the em bryos  supplying the re q u ire d  am ount 

of horm one to p re v e n t  f ru i t  a b sc iss io n .  He m entioned the o c c u r re n c e  of seed  

abo rtion  in f ru i ts  sp ray ed  with NAA. Based on this, he suggested  that NAA 

used  at re la t iv e ly  high concen tra tions  fo r  apple and peach  thinning might
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d is tu rb  the em bryo  a n d /o r  endosperm  during  the c r i t ic a l  p e r io d  of e a r ly  seed 

developm ent.

By rem o v in g  im m a tu re  f ru i ts  from  the apple t re e ,  but leaving the 

ped ice l in tac t with the spur, M urneek  and T eubner (76) found that an a p p l i ­

ca tion  of NAA at 30 ppm, im m ed ia te ly  a f te r  the rem oval of the f ru its ,  d e ­

layed  the a b sc is s io n  of the p ed ice ls .  In ano ther  experim ent,  a f te r  exam ining 

a b s c is s e d  f ru it  of NAA sp ray ed  t r e e s ,  they o b se rv ed  em bryos  which w ere  

inhibited  in growth as  co m p ared  with those in seeds  of apples  which had set 

and w ere  developing. The two in v es t ig a to rs  em phasized  the contro l invested  

in the em bryo  on the a b sc is s io n  of the ped icel.  F rom  these  s e r ie s  of e x p e r i ­

m en ts , M urneek  and T eubner  be lieved  that the extent of fru it  th inning by NAA 

w as p a r t ia l ly  dependent upon its  te m p o ra ry  positive  effect on the ab sc is s io n  

la y e r  of the ped icel (30) and its  s tro n g  negative effect on the horm onal func­

tion  of the em bryo.

Luckwill (61) and T eubner and M urneek  (76) have added m uch support 

to the hypothesis  that NAA induces em bryo  abortion . The la te r  found that the 

m o s t  suscep tib le  s tage  du ring  apple em bryo  development to th is  induced a b o r ­

tion was when the em bryo  was in the 8- to 16-ce lled  stage. They believed  

the addition of an exogenous supply of a p lant reg u la to r  to the a l re a d y  n a tu ra l  

ho rm one  s a tu ra te d  em bryo  re su l te d  in inhibition of th is  organ.

F u r th e r  evidence that the em bryo  m ay  con tro l f ru it  a b sc is s io n  as  a
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m ech an ism  of f ru it  th inning has been supported  by the "so m a to p la s t ic  s te r i l i ty "  

theory . Cooper, Brink and A lbrech t (8, 9, 17, 18, 19, 20, 21) found m uch evidence 

in support of th is  theory .

"S om atop lastic  s te r i l i ty "  a s  explained  by Brink and Cooper (8) is  the 

h y p e rp la s ia  of the so m atic  t i s s u e s  of the fe r t i l iz e d  ovule, such as  the nucellus  

and in tegum ents . O v er-g ro w th  of the nucellus  and in tegum ents  o c c u r re d  as  

a r e s u l t  of a lag  in the n o rm a l developm ent of the endosperm , th e reb y  leading 

to the d is in teg ra t io n  of the endosperm . Subsequently, the em bryo becam e 

d iso rg an ized  and eventually  the com ple te  ovule collapsed.

The condition as  found in the a lfalfa  ovule a f te r  s e lf - fe r t i l iz a t io n  

f i r s t  a p p ea red  whenconductive t i s s u e s  between the apex of the v a s c u la r  bundle 

and the cha laza l pocket fail to d ifferen tia te  (8). Cytoplasm of the nucellus  

ce l ls  ad jacen t to the em bryo  sac  becam e finelly  vacuolated  and extensive 

m e r is te m a t ic  ac tiv ity  o c c u r re d  a t the chalazal portion  of the inner  in tegum ent 

d u r in g  th is  tim e. A fte r  s e lf - fe r t i l iz a t io n  of the alfalfa, endosperm  d iso rg a n i­

za tion  developed, f i r s t  at the cha laza l end and then p ro g re s s e d  tow ard the 

m ic ro p y le .  Subsequently, the cytoplasm  of the ce l ls  of the em bryo  becam e 

dense  and the em bryo  co llapsed  a f te r  the com plete d is in teg ra tio n  of the endo­

sp e rm .

T h e se  phenom ena w ere  l a te r  found to occur in unfruitful in te rsp ec if ic  

c r o s s e s  of N icotiana (9). Brink and Cooper (9) believed that the o v e r-g ro w th
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of the m a te rn a l  t is su e  as  a fo re - ru n n e r  may, m o re  o r  l e s s  com ple te ly  o b s tru c t  

the im m ed ia te  line of food supply to the endosperm . They em p h as ized  the 

n u tr i t iv e  ro le  which the endosperm  p lays  in the developm ent of the em bryo.

The ” som ato p las tic  s te r i l i ty "  theory  has been brought forth  a lso  as  

a r e a so n  for n a tu ra l  f ru i t  drop. As s ta ted  e a r l i e r ,  H a r ro ld  (32) in 1935 

be lieved  tha t im m a tu re  fru it  drop of peaches  m ay  be caused  by the d e g e n e ra ­

tion of the nucellus  in the cha laza l reg ion  th e reb y  affecting  endosperm  d i s ­

in teg ra tio n  and em bryo  abortion . D orsey  (28) m ade the sam e o b se rv a tio n  in 

1939 as  d e sc r ib e d  by Brink and Cooper in 1940 (9) when he s ta ted  that the 

grow th of the em bryo was dependent on endosperm  developm ent in no rm a l 

f ru i t  of the peach  v a r ie ty  J. H. Hale.

Britten in 1947 (11) and T eubner and M urneek  in 1955 (96) in v e s t i ­

ga ted  the p o ss ib i l i ty  of a p lan t r e g u la to r  function in " so m ato p las tic  s te r i l i ty " .  

Britten (11) found that a naphtha leneacetic  acid  t re a tm e n t  on the corn  e a r  at 

the tim e of fe r t i l iz a t io n  p roduced  a te m p o ra ry  s tim ula tion  of the o v a r ie s  for 

eight to nine days, but lagged behind the no rm al o v ar ie s  in developm ent a f t e r ­

w ard s .  T re a te d  c a ry o p s is  a s  co m p ared  to those  rece iv in g  no t re a tm e n t  w ere  

found to co n s is t  of endosperm  and em bryo re ta rd e d  in developm ent when 

o b se rv ed  nine days a f te r  t re a tm e n t.  The endosperm  of t re a te d  o v a r ie s  at 

th is  s tage ap p eared  to lack  the abso rp tive  lay e r  of c e l ls  at the base . E ndo­

sp e rm  and em bryo  d is in teg ra tio n  w as found to occu r in t re a te d  c a ry o p s is  in



12 to 18 days. Even though a condition approach ing  "so m a to p la s t ic  s te r i l i ty "  

appeared , Britten believed  the re se m b la n c e  to th is  condition m ay have been 

only su p erf ic ia l .

Studying the inhibition of em bryo  developm ent by naphtha leneacetic  

acid, T eu b n er  and M urneek  (96) w orking with the pep p er  p lan t o b se rv ed  some 

degenera tion  of the endosperm  12 days a f te r  t re a tm e n t.  E ndosperm  and em bryo  

degenera tion  was p r e s e n t  in the o ldest inhibited ovules when exam ined 90 days 

a f te r  t re a tm e n t .  The degenera ting  em bryo  s a c s  at th is  late stage w ere  found 

to exhibit a h y p e rp la s ia  a t the cha laza l region.

H orm one Production  D uring  Seed and F ru i t  Development

The r e le a s e  of n a tu ra l  ho rm ones  by the physio logical p ro c e s s e s  

a s so c ia te d  with fe r t i l iza tio n , a p p e a rs  to p lay an im portan t ro le  in the grow th 

and developm ent of the fru it .

M urneek  (70) suggested  that the action  of gam ete  union m ay  be a 

second so u rce  of s tim u la tion  to the developm ent of the f ru i t  and seed. W ittwer 

(107) w orking  with co rn  found two p e r io d ic  s tim ula tions  in growth a s so c ia te d  

w ith the p ro c e s s  of fe r t i l iza tio n , one o c c u r re d  at the t im e of the synapsis  

phase , and the o th e r  a t  the t im e  of the syngamy phase . Two m a jo r  peaks  of 

horm one accum ula tion  in the c o rn  ca ry o p s is  followed these  two p h ases .  

Redem ann, W ittw er and Sell (81) have s ince identified  the is  horm one found in 

c o rn  k e rn e ls  a s  ethyl indoleaceta te .
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In 1942, M uir (69) w orking  with tobacco, N icotiana tobacuum , found 

la rg e  quan tit ies  of the horm one in po llinated  p is t i ls ,  but v e ry  little  in non­

p o llina ted  p is t i l s .  He o b se rv ed  no ho rm ones  in pollen  g ra in s  o r  pollen  tubes, 

but he believed  the pollen  tubes m ay have r e le a se d  an enzym e which ac tiva ted  

a horm one from  inactive compounds in the style and p is t i l .  N itsch (77) s tudy­

ing the p roduction  of n a tu ra l  ho rm ones during  the growth of the pollen  tube 

down the s ty le  of the s t r a w b e r ry  flow er a lso  indicated that th ese  na tu ra l  h o r ­

m ones  m ay  have accounted fo r  the initia l s tim ulation  of fru it  developm ent 

and te m p o ra ry  p rev en tio n  of ab sc iss io n .

In 1946, Luckwill (55) iso la ted  a substance from  the apple endo­

s p e rm  which he found to be ac tive  in se tting  p a r th en o ca rp ic  tom ato fruit.  

Luckwill and Woodcock (64) could only p a r t ia l ly  identify th is  substance, but 

m ain ta ined  that the apple horm one was not indoleacetic  acid. T eu b n er  (94) 

a p p aren tly  iso la ted  the sam e substance  from apple seeds  and identified  the 

compound as  ethyl indoleace ta te .

Luckwill (56) used  the capac ity  of the ex trac ted  substance  to set 

p a r th e n o c a rp ic  tom ato f ru i t  fo r  a quantita tive m easu rem en t of the n a tu ra l  

horm one p re s e n t  in the apple seeds. He was able to c o r re la te  the p e r io d s  

of high horm one content of apple seeds  with co r resp o n d in g  p e r io d s  of reduced  

f ru i t  drop using  the apple v a r ie ty  Beauty of Bath (57). In fu r th e r  s tud ies  he 

found the peaks  of horm one accum ula tion  to c o r re la te  with the c e s sa t io n  of



the f i r s t  drop and the ’’June" drop (59). The horm one content of the seeds  

was found to be low est just p r io r  to the f i r s t  drop, the "June" drop, and p r e -  

h a rv e s t  drop. T h e se  peaks of horm one accum ulation  w ere  v ery  s im i la r  for 

the apple v a r ie t ie s ,  L a n e 's  P rince  A lbert (59) and Craw ley Beauty (61).

Luckwill (57, 58) found a c lose  c o r re la t io n  between the tim e  of c e l ­

lu la r  fo rm ation  of the endosperm  and the ap pearance  of high horm one content 

in the apple seeds  of Beauty of Bath. He suggested  that ihe endosperm  itse lf  

m ight be the location  of the horm one production. By se p a ra t in g  the em bryo  

from  the endosperm  and nucellus  he found that the concen tra tion  in the ou te r  

la y e rs ,  the endosperm  and nucellus, w as eighteen t im es  as  g rea t  a s  in the 

em bryo . Since the nucellus  was a lm o st  com plete ly  ab so rb ed  by the endosperm  

soon a f te r  the t im e the horm one concen tra tion  was m easu red ,  it seem ed  

p ro b ab le  to him that the g r e a te r  concen tra tion  was in the endosperm .

Luckwill (57) r e p o r te d  that im m ed ia te ly  a f te r  the c e l lu la r  fo rm ation  

of the endosperm  of the apple, the em bryo  en te red  a p e r io d  of rap id  growth 

du ring  which the horm one content of the seed  d e c re a se d  to a low level. He 

suggested  as  a p o ss ib le  explanation, that the horm one p layed a p a r t  in em bryo  

developm ent during  the p e r io d  of i ts  rap id  growth, and thus the horm one was 

depleted  m o re  quickly than was p roduced  by the endosperm .
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MATERIALS AND METHODS

I. F ie ld  Studies on C hem ical Thinning of Peaches using  Naph- 
th a len eace t ic  Acid, N -l-n ap h th y lp h th a lam ic  Acid, and 3 -ch lo ro  
IPC.

A s e r i e s  of s tud ies  w ere  conducted during  the p e r io d  1955 through
1

1958 to d e te rm in e  the value of naph thaleneacetic  acid  (NAA), N - l -n a p h -

2 3
thy lph tha lam ic  ac id  (NPA), and 3 -ch lo ro - iso p y l-N -o h en y l  c a rb a m a te  (3-

ch lo ro  IPC) for b lossom  and f ru i t  thinning of peaches .  The s tud ies  w ere  

p e r fo rm e d  a t the Bailey fa rm  in the a r e a  of Pontiac in 1955 and 1956, a t the 

M ichigan State U n ivers ity  H o rticu ltu ra l  fa rm , E as t  L ansing  in 1956, 1957 

and 1958, and at the M ichigan State U n ivers ity  G raham  E x p e rim en t Station, 

G rand  Rapids in 1957.

Each  t re a tm e n t  included five re p l ic a te d  m a tu re  b ea r in g  t r e e s  of 

m edium  vigor, except fo r  c e r ta in  s tud ies  in E a s t  L ansing  in 1958, when five- 

y e a r -o ld  e a r ly  b ea r in g  t r e e s  w ere  used. T h ree  to four b ranches  w ere  s e le c ­

ted  in d ifferen t a r e a s  of each  t re e ,  and app rox im ate ly  500 b lo sso m s  o r  f ru i t  

p e r  t r e e  w ere  used  fo r thinning o b se rv a t io n s .  F inal fru it  se t counts w ere  

m ade each  y e a r  the m iddle  of July.

The thinning t r e a tm e n ts  m ade a r e  re c o rd e d  in Table  1.

^A pp-L-Set, a p ro d u c t of Dow C hem ical Company, Midland, M ichigan 
was used  fo r  NAA.

2
Peach-T hin , a p roduc t of A m erican  Chem ical Paint Company, A m bler, 
Pennsylvania , was used  for NPA.

^Chloro  IPC M iscib le , a p roduc t of N iag ara  Chem ical Division, M iddleport, 
N. Y. , was u sed  fo r  3 -ch lo ro  IPC t re a tm e n ts .



T able  1

Thinning T re a tm e n ts  on Redhaven and H alehaven Peach T r e e s  Used in 1955, 1956,
1957 and 1958

M a te r ia l Season

T im e of appli-

L ocation  cation  (daVs
a f te r  full bloom)

Cone.
(ppm)

C om m ents

NPA 1955 Pontiac 3 200
NPA 1955 Pontiac 3 400

NPA 1956 E a s t  L ansing 3 300
NPA 1956 E a st  L ansing 3 300 Twilight application

NPA 1957 G rand  Rapids 3 200
NPA 1957 G rand  Rapids 3 250

NPA 1957 E a s t  L ansing 3 300

NPA 1958 E a s t  L ansing 3 250 Halehaven only
NPA 1958 E a s t  L ansing 3 300 Halehaven only

NPA 1958 E a s t  L ansing 3 250 F iv e -y e a r -o ld  Redhaven 
t r e e s

NPA 1958 E a s t  L ansing 3 300 F iv e -y e a r -o ld  t r e e s

3 -ch lo ro
IPC

3-ch lo ro
1956 E a s t  L an sin g 28 400

IPC 1957 G rand Rapids 28 400

NAA 1957 E a s t  L ansing 42 30

NAA 1958 E a s t  L ansing 35 30 Redhaven only
NAA 1958 E a s t  L ansing 42 30
NAA 1958 E a s t  L ansing 49 30 Redhaven only

NAA 1958 E a s t  L ansing 42 30 F iv e -y e a r -o ld  Halehaven 
t r e e s
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All f ru i t  th inning t re a tm e n ts  w ere  applied  with a hand gun using  

500 pounds p r e s s u r e .  The t r e e s  w ere  sp ray ed  to the drip  point. All ap p li­

ca tions  w ere  m ade under fa s t  d ry ing  conditions, except fo r  one twilight 

app lica tion  of NPA in 1956. T h is  t re a tm e n t  was made a t app rox im ate ly  8:30 

p .m .  to a s s im i la te  slow drying  conditions.

F i rm n e s s  of the f ru it  was evaluated  in 1956 and 1957 a t  the beg in­

ning and during  h a rv e s t .  The read in g s  w ere  m ade at four locations on the 

fru it ,  on the d o rsa l  and v e n tra l  su tu re s ,  and in the m iddle of the two cheeks. 

The p r e s s u r e s  w ere  taken  with a M a g n e ss -T a y lo r  p r e s s u r e  t e s t e r  equipped 

with a 7 /1 6 - in c h  p lunger, a s  suggested  by Rood (83). The s ize  of the h a r ­

v e s te d  f ru i t  w as re c o rd e d  only in 1956 us ing  s tan d a rd  f ru it  s iz ing  r in g s .

Studies w e re  conducted in 1958 using  p lo ts  e s ta b lish ed  during  1957. 

The  plant re g u la to r  thinning t r e a tm e n ts  applied  in 1957 at the Michigan State 

U n iv ers ity  H o r t ic u ltu ra l  fa rm , E as t  L ansing  w ere  used  to evaluate  the in ­

fluence of NPA and NAA on the n um ber  of Redhaven and Halehaven flower 

buds the following y ea r .  F lo w er  buds w ere  counted in A pril  1958 on s ix  un­

b ranched  te rm in a ls ,  two te rm in a ls  2 to 5 1/2 inches in length, two te rm in a ls  

5 1 /2  to 9 1 /2  inches in length, and two te rm in a ls  9 1 /2  to 15 inches in length, 

se le c te d  on each  t re e .  T h is  conform ed with the technique used  by Kelley 

of I ll ino is  in 1955 (43).



II. F ie ld  Studies C om paring  N atu ra l Blossom and F ru i t  Drop 
with that R esu lting  from  the Use of N aphthaleneacetic  Acid 
and N - 1-naphthy lph thalam ic  Acid.

In o rd e r  to o b se rv e  the p a t te rn  of f ru i t  drop, a study w as in itia ted  

in 1958 a t the M ichigan State U niversity  H o r t ic u ltu ra l  fa rm , E as t  L ansing  

to co m p are  the n a tu ra l  drop of b lo sso m s and young peach  f ru i ts  with the 

drop r e su l t in g  from  the use of NAA and NPA for b lossom  and f ru i t  thinning. 

Twenty uniform  m a tu re  b ea r in g  Redhaven t r e e s  w ere  se le c ted  for th is  in ­

v es tig a tio n  to p rov ide  five t r e e s  p e r  trea tm e n t,  of which five t r e e s  w ere  

t r e a te d  and five w ere  u sed  as  a contro l. A m inim um  of th re e  b ran ch es  

w e re  se le c te d  in d iffe ren t a r e a s  of each  t r e e  and app rox im ate ly  500 b lossom s 

p e r  t r e e  w ere  o b se rv ed  a t spec ific  p e r io d s  to evaluate  f ru i t  developm ent 

and drop.

An application  of 30 ppm of naphthaleneacetic  ac id  (NAA) was m ade 

on five of the ten se le c ted  t r e e s  two w eeks a f te r  "shuck-off" , June 14, when 

conditions w ere  favorab le  fo r  fa s t  drying. The b lo sso m s and developing 

f ru i ts  on the se lec ted  b ran ch es  of a ll  ten  t r e e s  w ere  counted at weekly in te r ­

va ls  from  bloom (May 3) to two w eeks a f te r  "shuck-off"  (June 14). A fter  

th is  t im e dropped f ru i ts  of the NAA t re a tm e n t  and the contro l t re a tm e n t  

from  the se le c te d  b ran ch es  of a ll  ten t r e e s  w ere  counted tw ice weekly until 

im m a tu re  fru it  drop was com pleted  by July 4. An additional count w as m ade 

the m iddle  of July to check fo r  p o ss ib le  additional fru it drop o c c u r r in g  a f te r  

July 4. It should be noted that the ten  Redhaven t r e e s  re c e iv e d  uniform
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in se c tic id e  and fungicide app lications  during  th is  p e r io d  of observa tion .

Each  t im e drop was counted the num ber of b lossom s and f ru i t  r e ­

m ain ing  on each  b ranch  w as reco rd ed .  The drop p e r  100 b lo ssom s o r  f ru i ts  

fo r  each  b ran ch  a t each  tim e in te rv a l  was found by dividing the num ber of 

b lo sso m s  o r  f ru i ts  hanging a t the tim e of p rev ious  counting date into the nu m ­

b e r  tha t had dropped during  th is  in te rv a l  (94). The daily drop p e r  100 b lo s ­

so m s o r  f ru i ts  w as then com puted fo r each  in te rva l  by dividing by the num ber 

of days between the r e c o rd  da tes .

In a s im i la r  study counts w ere  made on tagged b ran ch es  of NPA 

t r e a te d  and contro l Redhaven t r e e s  a t bloom and at 14 days a f te r  bloom in 

o r d e r  to d e te rm in e  the app rox im a te  tim e the b lossom s o r  f ru i t  dropped.

F ina l counts w ere  m ade July 12 on th ese  sam e t re e s .

The peach  b lo sso m s  which fell during  the 14-day p e r io d  a f te r  bloom 

w e re  exam ined m a c ro -  and m ic ro sco p ica lly .  F o r  the m ic ro sco p e  study the 

ovules  of the peach  b lo sso m s  which dropped w ere  killed  and fixed in 50 p e r ­

cent FAA (38) for 24 hours . The ovules w ere  r in se d  th re e  t im es  in 50 p e rc e n t  

ethyl alcohol for 30 m inu tes  each, frozen  in a 10 p e rc e n t  gelatin  m edium , and 

then cut into sec tions  of 20 m ic ro n s  in th ickness  with a Model 880 A m erican  

O ptical Company f re e z in g  m ic ro to m e . The sec tions  w ere  p laced  on a g la ss  

s lide  and s ta ined  th re e  m inu tes  with D ela f ie ld 's  Hematoxylin. A fter  the s ta in  

w as rem o v ed  from  the slide, the sec tions  w ere  mounted in g lycer in  on m ic ro sco p e  

s lid es  and co v er  s lips  w ere  p laced  on them . The sec tions  w ere  then s tudied  under 

a Z e is s  Nr. 250190 m ic ro sco p e .
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III. A natom ical Investigations of the Developing E m bryo and Endo­
sp e rm  of Halehaven and Redhaven Peach.

F lo w ers  and f ru it  w ere  g a th e red  from  a single m a tu re  b e a r in g  H a le ­

haven peach  t r e e  in 1957 and from  a single m a tu re  b ea r in g  Redhaven and 

Halehaven peach  t r e e  in 1958 to study the developing em bryo  and endosperm  

of young peach  f ru i ts .  The t r e e s  located  on the M ichigan State U niversity  

H o r t ic u ltu ra l  fa rm , E a s t  Lansing, w ere  re p re s e n ta t iv e  of those t re a te d  with 

NAA. They re c e iv e d  the sam e in sec tic ide  and fungicide app lica tions  as  those 

of the NAA tre a tm e n ts .

At each  tim e of sampling, f ru its  w ere  taken from  one b ranch  in o rd e r  

to lo ca lize  the thinning effect to only that b ranch  on the t re e .  Blossom a n d /o r  

f ru i t  co llec tions  w ere  m ade twice weekly on the Halehaven t r e e  during  1957 

from  four days a f te r  bloom (May 6) to eight weeks a f te r  bloom (June 28). In 

1958, b lossom  and fru it  co llections  w ere  m ade on the Redhaven t re e  at full 

bloom (May 3); the fourth  day a f te r  full bloom; one week a f te r  full bloom; and 

at weekly in te rv a ls  th e r e a f te r  until five weeks a f te r  full bloom (June 7), a f te r  

which t im e  the frequency  of co llections  was in c re a se d  to twice weekly through 

the eighth week a f te r  bloom (June 28). Halehaven f ru its  w ere  co llec ted  twice 

weekly beginning five w eeks a f te r  bloom (June 7) and ending the eighth week 

a f te r  bloom. A final f ru i t  co llec tion  of Redhaven and Halehaven was m ade 

nine weeks a f te r  bloom, 1958, for m a c ro -m e a s u re m e n ts .

A pprox im ate ly  25 p e r s i s t in g  b lo sso m s  a n d /o r  fru it  w ere  co llec ted



a t each  sam pling  from  each  var ie ty .  The o v a r ie s  w ere  d issec ted  through 

the v e n tra l  and d o rsa l  su tu re s  with a r a z o r  blade ’keeping the seeds^ in tact.

F ive of the 25 f ru i ts  in 1957 and ten of the 25 f ru i ts  in 1958 co llec ted  during  

the p e r io d  of two weeks a f te r  full bloom to eight weeks a f te r  bloom which 

a p p ea red  to have only one viable seed  w ere  used  for growth m e a su re m e n ts .

All Redhaven b lo sso m s and f ru i ts  co llec ted  from  the tim e of full bloom to 

two weeks a f te r  bloom contained two viable ovules^.

M e a su rem en ts  taken  w ere  as  follows:

P e r ic a rp  length: d is tance  between the pedicel a ttachm ent and the 

line of d em arka tion  w here  the s ty le  a r i s e s  from  the ovary .

P e r ic a rp  t r a n s v e r s e  d iam ete r :  g re a te s t  c ro s s - s e c t io n a l  d ia m e te r  of

the fru it .

Seed length: longest longitudinal d is tance  of the seed.

Seed width: g re a te s t  c ro s s - s e c t io n a l  d ia m e te r  of the seed. 

M e a su re m e n ts  w ere  m ade with a m e tr ic  r u le r  to the n e a re s t  0. 5 m i l l im e te r .  

Length of the p e r ic a rp  and seed  was u sed  in o rd e r  to m e a s u re  the in c re m e n ts  

of growth (98). Width was taken  only to substan tia te  the growth in c re m e n ts .

The seeds  u sed  for m e a su re m e n ts  w ere  killed and fixed in 70 p e rc e n t

2FAA and then dehydrated, using  the t e r t i a r y  butyl alcohol m ethod d esc r ib ed  

by Johansen (38). The m a te r ia l  was then em bedded in F is h e r  t is su e m a t  with

■̂ In th is  study the te rm  "ovule" was used  before syngamy and the te rm  "seed" 
a f te rw ard .

2
A solution of 5 m i l l i l i t e r s  of 37 to 40 p e rc e n t  form aldehyde, 5 m i l l i l i t e r s  of 

g lac ia l  ace tic  ac id  and 90 m i l l i l i te r s  of 70 p e rc e n t  ethyl alcohol.
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a m e ltin g  point of 53-55° C. The pa ra ff in  em bedded m a te r ia l  was cut longi­

tud ina lly  into sec tions  10 to 12 m ic ro n s  in th ickness  with a Model 820 A m erican  

Optical Company ro ta ry  m ic ro to m e . The sec tions  w ere  then m ounted in s e r ie s  

on s ta n d a rd  m ic ro sc o p e  s lides , using  H aupt’s adhesive (38). The para ff in  was 

rem o v ed  from  the sec tions  with xylol and the sections  w ere  s ta ined  five s e c ­

onds with fa s t  g reen  (38). The sec tions  w ere  mounted in C la r i te  and allowed 

to d ry  for four days before  m ic ro sco p ic  exam ination.

All m ic ro sco p ic  exam inations  w ere  m ade with a Z e is s  Nr. 250190 

m ic ro sc o p e .  A c a l ib ra te d  optical lens was used  for all m ic ro sco p ic  m e a s u r e ­

m en ts .  Length and width of the em bryo, the endosperm , and the em bryo  sac 

of five seeds  w ere  o b se rv ed  fo r  each  tim e of sampling. The ten  f re s h  seeds  

from  both H alehaven and Redhaven f ru its  of the final collection, July 5, 1958, 

w ere  u sed  only for m a c ro -m e a s u re m e n ts .

In addition to the m ic ro sco p ic  exam inations of the m a te r ia l  em bedded 
*

in p a ra ff in  in 1958 ten f ru i ts  w ere  se lec ted  daily from  each  Redhaven and 

Halehaven t r e e  from  June 11 (five and one-half  weeks a f te r  bloom) to June 20, 

1958, to study the developm ent of the endosperm . The seeds  of these  f ru i ts  

w ere  rem oved , killed and fixed in 50 p e rc e n t  FAA (38). A fter  24 hours  the 

ovules w ere  r in s e d  thoroughly with th re e  changes of 50 p e rc e n t  ethyl alcohol. 

Each  seed  w as then cut with a sharp  r a z o r  blade longitudinally through the 

m ic ro p y le  to expose the em bryo  sac. The em bryo sac was rem oved  from



33.

the seed  by pulling  the nucellus  t is su e  away from  the em bryo  sac with d i s ­

sec tin g  need les  under a d issec t in g  m ic ro sco p e .  The em bryo  sac was p laced  

on a g la s s  m ic ro sco p e  s lide  and s ta ined  th re e  m inutes in D elafie ld 's  h e m a ­

toxylin . A fter  the ex cess  s ta in  was rem oved, the m a te r ia l  was m ounted 

in g ly ce ro l and then exam ined  under a m ic ro sco p e . T h ese  exam inations 

w e re  m ade  p r im a r i ly  to d e te rm in e  when the endosperm  changed from  a 

f r e e - n u c le a r  condition to a c e l lu la r  s ta te .

P ho tom icrog raphs  w ere  taken  with an Exakta VX c a m e ra  using  a 

m ic ro sc o p e  ad ap te r .  The light was obtained from  a type 31-33-26 Bausch 

and Lom b Optical Company m ic ro sco p e  light with a ground g lass  f i l te r  

(39375) and a blue g la ss  f i l te r  (39370) p laced  between the light so u rce  and 

su b -s ta g e  m i r r o r  of the m ic ro sco p e . Kodak P lus-X  film was used  for taking 

the black  and white p h o to -m ic ro g rap h s .



IV. N atura l Horm one Content and Concentra tion  of Young Redhaven 
Peach  Seeds as  R ela ted  to E a r ly  Growth and Development.

Luckwill (57) found that n a tu ra l  horm one content of apple seeds  

w as r e la te d  to n a tu ra l  f ru it  drop. On the b as is  of this finding, a study was 

in it ia ted  to d e te rm in e  the re la t iv e  concen tra tion  and content of the na tu ra l 

ho rm one in developing peach  seeds.

F ru i t  co llec tions  w ere  m ade June 2 , 1958, four weeks a f te r  full 

bloom, and a t w eekly in te rv a ls  th e re a f te r  for a pe r io d  of four weeks from  

five Redhaven t r e e s  at the Michigan State U niversity  H o rticu ltu ra l  fa rm ,

E a s t  Lansing. F ive hundred  f ru i ts  w ere  collec ted  on each  of the f i r s t  two 

sam pling  dates, but only 300 f ru i ts  w ere  g a th e red  each  t im e th e re a f te r .

Equal n u m b ers  of f ru i ts  w ere  taken  from  each  of the five t r e e s  by s tr ipp ing  

individual b ran ch es .  F ru i t  with abo r ted  seeds w ere  d isca rded . The fru i ts  

w ere  sp lit  with a r a z o r  blade and the seeds rem oved. The seeds  w ere  then 

weighed, with a s e p a ra te  count and weight m ade for the fru it  containing 

one o r  two seeds. Following th is  opera tion  the f re s h  single and double seeds  

w ere  p laced  to g e th e r  in a p la s t ic  bag and t r a n s f e r r e d  im m ed ia te ly  to s to rag e  

a t -10°C.

When t im e  p e rm itted , the frozen  plant m a te r ia l  was next e x tra c te d  

with cold, p e ro x id e - f re e  diethyl e th e r  as  d esc r ib ed  by Van O verbeek et aL (104) 

To c a r r y  out th is  p ro ced u re ,  the seeds  w ere  ground in a m o r ta r  and p e s tle  

with sand added to aid in the grinding. About 50 m i l l i l i te r s  of diethyl e th e r
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w e re  added to the m ix tu re  during  the g rind ing  p ro c e s s .  The contents w ere  

em ptied  into a 5 0 0 -m il l i l i te r  E r le n m e y e r  f la sk  and p laced  in s to rag e  at 2° C 

fo r  eight hours . The superna tan t was decanted from  the flask. The ground 

seeds  w ere  w ashed  th re e  t im es  with 50 m il l i l i t e r s  of diethyl e th e r  and added 

to die o r ig in a l  su p ern a tan t so a s  to ex tra c t  the rem ain in g  na tu ra l horm one.

T h is  e x t ra c t  was then se p a ra te d  into ac id  and neu tra l f rac tions  with 200 

m i l l i l i t e r s  of five p e rc e n t  sodium b icarbonate  solution by m eans  of a s e p a r a ­

to ry  funnel (96). The n eu tra l  substances  rem ain ed  in the e th e r  layer ,  while 

the ac id  substances  p a s se d  into the sodium b icarbonate  lay e r .  The b icarbonate  

solution w as acid ified  to pH 2. 8 with hydroch lo ric  acid  and e x trac ted  with 200 

m i l l i l i t e r s  of diethyl e th e r .  Both frac tions ,  acidic and neu tra l,  w ere  concen­

t r a te d  to five m i l l i l i te r s  under reduced  p r e s s u re .

T h ree  dilution quantities, 0. 01, 0. 05 and 0. 10 m i l l i l i t e r s  of each acid  

and n eu tra l  f rac tio n  of the diethyl e th e r  ex tra c t  w ere  p laced  with a m i l l i l i te r  

sy ringe  into individual p o rc e la in  boats to which had been added sm all  s t r ip s  

of f i l te r  p ap e r .  A fter  the e th e r  e x t ra c ts  had evaporated , one m i l l i l i t e r  of 

a p h o sp h a te -c i t r ic  ac id  buffer so lu tion1 as  used  by N itsch  and N itsch  (78) was 

p laced  in each  boat. S tandards  of 0. 01, 0. 10 and 1. 00 m ic ro g ra m s  of indole- 

ace tic  ac id  (IAA) and ethyl indoleace ta te  (EtIA) w ere  p laced  a lso  in the boats 

p re c e d in g  the addition of the buffer solution. The contro l t re a tm e n t  co n s is ted  

of the buffer solution alone.

1Double concen tra tion  of p h o sp h a te -c i t r ic  ac id  buffer solution is m ade up of
0. 359 g ra m s  of K^HPO^, 0. 204 g ra m s  of c i t r ic  acid, 4. 0 g ra m s  of s u c ro se  in 
100 m i l l i l i t e r s  of w a te r  solution.
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The avena s tra ig h t  growth te s t  was used as  p a r t  of the b io assy  study 

as  d e sc r ib e d  by N itsch  and N itsch  (78) and m odified by T eubner (96). T h is  

m ethod of biological a s sy  was chosen  instead  of the tom ato ovary  te s t  a s  used  

by Luckwill (55) b ecause  of the s im p lic ity  of i ts  p ro ced u re .  The p ro c e d u re  

fo r  obtaining oat co leop tiles  was a s  follows: Husked seeds  of the Brighton 

v a r ie ty  of oa ts  w ere  p laced  in d is til led  w a te r  and evacuated  in a suction f lask . 

The seeds  w ere  rem o v ed  from  the suction f lask  and soaked for two hours .

The soak  w a te r  was d isc a rd e d  and the seeds w ere  r in se d  twice with d is t i l led  

w a te r .  The seeds  w ere  then p laced  groove side down on a wet p ap e r  towel 

co v e r in g  a d e s s ic a to r  p la te  with the v is ib le  ra d ic a ls  slightly  over the edge 

of the d e s s ic a to r  p la te . The p la te  with the seeds  was p laced  in a cu ltu re  

d ish  with sufficient d is t i l led  w a te r  to keep the p ap er  towel wet. The cu ltu re  

d ish  with its  contents was p laced  in a d ark  incubator for th re e  days. The 

g e rm in a tin g  seeds  w ere  exposed to two hours of red  light 24 hours  a f te r  

they w ere  p laced  in the d a rk  incubator in o rd e r  to inhibit elongation of the 

f i r s t  in ternode . A fte r  th re e  days in the incubator, the ge rm in a tin g  seeds  w ere  

rem o v ed  and the co leop tiles  w ere  cut in uniform sections  of five m i l l im e te r s ,  

d isc a rd in g  the ap ica l th re e  to four m i l l im e te r s .  The coleoptile  sec tions  w ere  

then th re ad ed  on thin g la ss  rods  five c e n tim e te rs  long, th re e  o r  four to a rod. 

The leaf  inside  the coleoptile  cy linder was punched out during  the th read in g  

opera tion . All cutting and th read ing  opera tions  w ere  done under r e d  light. 

T h re e  ro d s  with a total of 10 sec tions  w ere  p laced  in each  boat. In turn , the
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boats  w e re  put into p e t r i  d ishes  and kept in a dark  incubator for 24 hours . 

M e a su re m e n ts  of the coleoptile  sec tions  following the incubator t re a tm e n t  w ere  

m ade  with a r u le r  to the n e a re s t  0. 5 m il l im e te r .

S tandard  c u rv e s  showing the ra te  of growth of the coleoptile  sec tions  

a s  influenced by the d ifferen t concen tra tions  of IAA and EtIA w ere  m ade on se m i-  

lo g rith m ic  g raph  p a p e r  with the concentra tions  in p a r t s  p e r  m illion  ch a r te d  

lo g ri th m ica lly .  The quantity of the na tu ra l  horm ones w as based  on m ic ro g ra m  

equ iva len ts  of IAA fo r  the ac id  f rac tion  and m ic ro g ra m  equivalents  of EtIA for 

the n e u tra l  f rac tion . The horm one content of the seeds  was e x p re sse d  as  m ic r o ­

g ram  equiva len ts  p e r  100 f ru its ;  and horm one concen tra tion  in the seeds  was 

e x p re s s e d  a s  m ic ro g ra m  equivalen ts  p e r  gram  of f re sh  weight of the seeds.

P ap er  ch rom atog raphy  was utilized  for a qualitative an a ly s is  of the ac id  

and the n eu tra l  f ra c t io n s  of the peach  seed  e x trac t  (92). Using a o n e -m il l i l i te r  

syringe, 0. 05 m i l l i l i t e r s  of the acid  and 0. 05 m il l i l i te r s  of the n eu tra l  e x tra c t  

w ere  spotted  on different s t r ip s  of th r e e -q u a r te r  inch W hatman No. 1 f i l te r  p ap er .  

Both f rac t io n s  of the e x t ra c t  w ere  p a r t i t io n ed  by a solvent m ix tu re  com posed 

of 2 -propanol, am m onia, w a te r  as  a ra t io  of 8:1:1 volum e to volum e (92).

The d ried  ch ro m a to g ra m s  with the par t i t io n ed  e x tra c ts  w ere  scanned 

for u l trav io le t  f lu o re scen t  spots with a 2537 A ngstrom  "M in era lig h t” . The d ried  

ch ro m ato g rap h ed  p a p e r  was then cut into sm all sec tions  and b ioassayed  by the 

avena s tra ig h t-g ro w th  m ethod p rev iously  mentioned. E h r l i c h e r 's  sp ray  reag en t 

w as applied  to s im i la r  t r e a te d  c h ro m a to g ram s  for fu r th e r  qualita tive  an a ly s is  as  

d e sc r ib e d  by Sen and Leopold (86).
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RESULTS

I. F ie ld  Studies on C hem ical Thinning of Peaches Using N - l -n a p h -  
thylphthalam ic, N aphthaleneacetic  Acid, and 3 -ch lo ro  IPC.

The findings from  the use of N - 1-naphthylphthalam ic ac id  (NPA), 

naph tha leneace tic  ac id  (NAA), and 3 -ch lo ro  IPC as  thinning agents  fo r  R ed ­

haven and Halehaven p eaches  under fie ld  conditions a r e  given in T ab le s  2 

and 3.

In 1955 fru it  set on Redhaven and Halehaven t r e e s  in the Pontiac a rea ,  

sp ray ed  with NPA a t  200 and 400 ppm, was not significantly  d ifferen t from  the 

con tro l t r e a tm e n ts  (Table 2). However, NPA applied at 300 ppm in 1956 in 

E a s t  L ansing  on the sam e v a r ie t ie s  re su l te d  in significant thinning. T h e re  

w as no s ignificant d iffe rence  between day and twilight app lications  of NPA 

m ade in 1956, even though it had been suggested  that slow dry ing  conditions 

would m ake NPA m o re  effective. Because of the over thinning at 300 ppm in 

1956, NPA w as used  a t  200, 250 and 300 ppm in 1957. No significant thinning 

o c c u r re d  a t the low er co ncen tra tions  in 1957 (Table 2) and even though th e re  

was s ignificant thinning a t 300 ppm, the fru it  on both the Redhaven and H a le ­

haven t r e a te d  t r e e s  had to be hand thinned.

In 1958, s ignificant reduction  of fru it  set o c c u r re d  when 300 ppm of 

NPA w as applied  to f iv e -y e a r -o ld  Redhaven and Halehaven t r e e s  and when 250 

ppm of NPA w as applied  to f iv e -y e a r -o ld  Redhaven t r e e s  (Table 2). However,
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no s ign ifican t th inning was r e a l iz e d  in 1958 on 1 0 -y e a r-o ld  Halehaven t r e e s  

t r e a te d  with NPA a t  250 ppm and 300 ppm. In 1958 the heavy fru it  drop of 

the f iv e -y e a r -o ld  Redhaven and Halehaven t r e e s  o c c u r re d  during  the p e r io d  

May 10 to 17, seven  to fourteen  days a f te r  bloom. T his  was in a c c o rd  with 

E dgerton  and Hoffman (29) who re p o r te d  that the heavy drop from  NPA t re a te d  

p each  t r e e s  o c c u r re d  about 10 days a f te r  bloom.

The reduction  in f ru i t  se t  on Redhaven and Halehaven t r e e s  t re a te d  

with 3 -ch lo ro  IPC a t 400 ppm in 1956 w as significant, but when used  a t 400 ppm 

in 1957, s ignificant thinning o c c u r re d  only on Halehaven t r e e s  a t  the G raham  

E x p e rim en t  Station, G rand  Rapids (Table 3). However, in both 1956 and 1957, 

all Redhaven and Halehaven t r e e s  rece iv ing  3 -ch loro  IPC thinning t re a tm e n ts  

p ro d u ced  u n d es irab le  "beaked shaped" p eaches  (F igure  1). Not only w ere  the 

p each es  m isshapened , but the "beaked" portion  becam e soft when the p eaches  

re a c h e d  the f i r m - r ip e  stage m aking  them easy  to b ru ise ,  a condition v e ry  

favorab le  fo r  the developm ent of brown ro t. Because of the undes irab le  effect 

from  3 -ch lo ro  IPC on peaches , the use of the plant reg u la to r  fo r thinning peach  

t r e e s  was te rm in a te d  in 1957.

The use  of NAA 42 days a f te r  bloom at 30 ppm on Redhaven and H a le ­

haven t r e e s  in 1957 and 1958 gave s ignificant fru it  thinning (Table 3 and F ig u re s  

2 and 3) except fo r  the f iv e -y e a r -o ld  Halehaven t r e e s .  Also, the use  of NAA 

in 1958 on f iv e -y e a r -o ld  and o ld e r  Redhaven t re e s ,  at the sam e concentra tion ,



F ig u re  1

Injury on Redhaven peaches  from  3 -ch lo ro  IPC.

Top row: uneven development of the fru it 

Middle row: undes irab le  en la rg em en t of base  of the style, 

’’beaked f ru i t”

Bottom row: d es ired  shape for m a tu re  Redhaven peaches .
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35 days a f te r  bloom re su l te d  in significant thinning. However, when NAA 

was applied  49 days a f te r  bloom, on Redhaven, no significant thinning was 

acco m p lish ed  (Table 3). Even when thinning was significant from  the use 

of NAA in 1958, light hand thinning was n e c e ssa ry .  Injury to the te rm in a l  

growth of the Redhaven t r e e s  from  the application of NAA was apparent, 

but a p p e a re d  to have l i t t le  co m m erc ia l  significance. Foliage in jury  on Hale- 

haven t r e e s  was not as  s e v e re  as on Redhaven.

F ru i t  F i rm n e s s :  As f irm n e ss  of flesh  of peaches  has been found

to be a favorab le  index for m a tu r i ty  (83), data of f i rm n e s s  of the f ru it  from  

peach  t r e e s  t re a te d  with NPA, NAA and 3 -ch loro  IPC as  thinning agents w ere  

re c o rd e d  a t h a rv e s t  t im e in 1956 and 1957. These data a r e  su m m arized  in 

T ab le  4.

Redhaven f ru i ts  from  t r e e s  of the NPA t re a tm e n ts  m ade in E a s t  L ansing  

in 1956 reach ed  m atu rity ,  a s  m e a su re d  by f irm n e ss  of flesh, approx im ate ly  

th re e  days e a r l i e r  than those  from  the contro l t r e e s .  It was con jec tu red  that 

th is  e a r l i e r  m a tu r i ty  was r e la te d  to the light fru it  set on the t re a te d  t r e e s  

r a th e r  than to the NPA tre a tm e n t.  In 1957 th e re  w ere  no significant d iffe rences  

in f i rm n e s s  of f ru it  t r e a te d  with NPA and those  re c e iv in g  no t re a tm e n t  (Table 4). 

Since fru it  se t  was not red u ced  by the use  of NPA at 200 o r  at 250 ppm in 1957, 

it seem ed  ap paren t that the e a r ly  r ipen ing  of the f ru it  on the NPA t re a te d  t r e e s  

in 1956 w as not an influence of the chem ical, but the re s u l t  of a light set of 

f ru i t  on the t r e e s  at h a rv e s t  t im e (Table 2).
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Redhaven f ru it  on t r e e s  t re a te d  with 3 -ch lo ro  IPC w ere  le s s  f irm  

in both 1956 and 1957 than those  of the contro l t re a tm e n t  (Table 4).

The use of NAA as a thinning agent in 1957 had no apparen t influence 

on the r a te  of r ipen ing  of Redhaven f ru it  (Table 4).

As found for the Redhaven in 1956, Halehaven f ru i ts  on NPA t re a te d  

t r e e s  m a tu re d  a few days e a r l i e r  than the u n trea ted  f ru it  when evaluated  by 

f i rm n e s s  of f lesh . H ere, also, e a r ly  m atu rity  appeared  to be the r e s u l t  of 

red u ced  f ru it  se t on the NPA t re a te d  t re e s ,  r a th e r  than to a d ire c t  r ipen ing  

influence of the NPA compound, a s  th e re  w ere  no d ifferences  in f irm n e ss  of 

f le sh  between the NPA and con tro l t re a tm e n t  in 1957 (Table 4).

The use of 3 -ch lo ro  IPC on Halehaven as  a thinning agent in 1956 and 

1957 r e su l te d  in e a r l i e r  r ipen ing  of the fru it  when com pared  with the contro l 

t re a tm e n t  (Table 4). Possib ly  that the 3 -ch loro  IPC compound w as re sp o n s ib le  

fo r  the e a r l i e r  r ipen ing  of the t re a te d  fru it  of both Redhaven and Halehaven as  

the reduction  of fru it  se t was not excessive  (Table 3).

F ru i t  Size: The s ize  range of 100 peaches  p icked at h a rv e s t  tim e

from  the t r e e s  of the different thinning t re a tm e n ts  in E a s t  Lansing  in 1956 

a r e  given in Table  5.

As expected, the degree  of thinning re su lt in g  from  the chem ica l t r e a t ­

m en ts  d i re c t ly  influenced the s ize  of the h a rv es ted  peaches . The fru it  of R ed­

haven and H alehaven from  the NPA tre a tm e n ts  w ere  the la rg es t ,  and these



F ig u re  2

Typical b ranches  of a Redhaven peach  t r e e  sp ray ed  with naphthalene - 

ace tic  ac id  at 30 ppm 42 days a f te r  bloom. P ic tu re  taken b e ­

fore  the o c c u r re n c e  of fru it  drop. Note the s ize  of the aborted  

f ru its .

F ig u re  3

Typical b ranches  of a Redhaven peach  t r e e  sp ray ed  with naphthalene - 

ace tic  ac id  a t 30 ppm 42 days a f te r  bloom. P ic tu re  a f te r  the 

o c cu rren c e  of f ru it  drop.
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t r e e s  w e re  thinned the heav ies t.  The Redhaven peaches  from  the 3 -ch lo ro  

IPC t re a tm e n ts  w ere  in te rm ed ia te  in size , and the peaches  from  the H alehaven 

t r e e s  t r e a te d  with 3 -ch lo ro  IPC and those  from the un trea ted  t r e e s  w ere  the 

sm a lle s t .

The Effect of NAA and NPA on F low er Buds: Since te rm in a l  in jury

to the Redhaven and Halehaven t r e e s  from  the applica tions of NAA in 1957 

was v e ry  apparen t,  an evaluation  of the effect that NAA and NPA m ay have on 

the n u m b er  of flow er buds was m ade in the sp rin g  of 1958. The effect of NPA 

and NAA on flow er bud fo rm ation  when used  on Redhaven and Halehaven t r e e s  

a r e  su m m a r iz e d  in Table  6 as  the average  num ber of flow er buds p e r  l in ea r  

foot of te rm in a l  growth.

The av erag e  num ber of flower buds on te rm in a l  growth of Redhaven 

t r e e s  t r e a te d  with NAA at 30 ppm 42 days a f te r  bloom the p rev ious  growing season  

w as s ignificantly  reduced  to 7. 0 when com pared  to the average  num ber of flower 

buds on the t r e e s  of the NPA and contro l t re a tm e n ts ,  17. 0 and 11. 9 re sp ec tiv e ly  

(Table 5). T h e re  was a lso  a s ignificant in c re a se  in the av e rag e  num ber of R ed­

haven flow er buds on t r e e s  t re a te d  with NPA at 300 ppm th re e  days a f te r  bloom in 

1957 when co m p ared  with the contro l t r e e s ,  17. 0 as  com pared  to 11. 9 buds p e r  

l in e a r  foot of te rm in a l  growth. The reduction  in flow er buds in 1958 from  the use 

of NAA on H alehaven t r e e s  at 30 ppm 42 days a f te r  bloom in 1957 was significant,

12. 8 f low er buds p e r  l in e a r  foot, as  com pared  to 17. 4 buds for the NPA tre a tm e n t.  

Although not s ignificantly  different, the av e rag e  of 12. 8 flow er buds p e r  l in ea r  foot 

in 1958 on peach  t r e e s  sp rayed  with NAA in 1957 was le ss  than the av erag e  of 16. 1 

f low er buds p e r  foot fo r  the contro l t r e e s .



T able  5

Size of Redhaven and Halehaven P eaches  as  Influenced by the Use of N- 1-Naphthyl- 
ph tha lam ic  Acid (NPA) and 3-C hloro  IPC as  Thinning Sprays, 1956

V arie ty Redhaven Halehaven
M a te r ia l
C oncentra tion

(ppm)

Control NPA 3- 

300

chloro Control
IPC
400

NPA

300

3-ch lo ro
IPC
400

Size range  of 100 peaches  a t h a rv e s t

1 1/8 - 2 in. 89 0 6 33 11 25

2 - 2  1 /4  in. 11 0 69 36 33 64

2 1 / 4 - 2  3 /4  in. 0 56 25 31 56 11

2 3 / 4 - 3  1/2 in. 0 44 0 0 0 0

Table 6

The Effect of Naphthalene ac e t ic  Acid (NAA) and N -l-N aph thy lph tha lam ic  Acid (NPA) 
Applied in 1957 on the F low er Buds on Redhaven and H alehaven T re e s  D uring

Spring 1958

V arie ty Redhaven Halehaven

M a te r ia l

(Average num ber of flow er buds p e r  l in ea r  foot)

NAA1
2

7 .0 12. 8

NPA 17. 0 17. 4

Control 11. 9 16. 1

L. S. D. 5 p e rc e n t  level 4. 0 3 .8
1 p e rc e n t  level 5. 4 N. S.

■'‘NAA w as applied  at 30 ppm 42 days a f te r  bloom in 1957. 

^NPA was applied  at 300 ppm th re e  days a f te r  bloom in 1957.
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II. F ie ld  Studies C om paring  N atu ra l Blossom and F ru i t  Drop with 
that R esu lting  from  the use of N aphthaleneacetic  Acid and N - l -  
naphthylphthalam ic Acid.

The av e rag e  daily blossom  o r  fru it  drop of young Redhaven p each es  

of the contro l t r e e s  is re c o rd e d  in Table  7. The av erage  daily  fru it  drop on 

naph tha leneace tic  ac id  (NAA) t re a te d  t r e e s  a s  observed  a f te r  the NAA t r e a t ­

m en t on June 14, is r e c o rd e d  a lso  in Table  6. The average  daily fru it  drop 

of the c o n tro ls  and the t re a te d  t r e e s  is p re se n te d  as  a b a r  g raph  in F ig u re  4.

As shown in F ig u re  4, the daily blossom  drop of the control t r e e s  

w as h eav ies t  during  May 10 to May 17. G ro ss  exam ination of the b lo sso m s and 

f ru i t  from  May 10 to May 17 rev ea led  that 20 p e rc e n t  of the b lo ssom s which 

dropped contained "developed” o v a r ie s  a s  large  as  those in b lossom s still  

p e r s i s t in g  on the t r e e .  The 80 p e rc e n t  cons is ted  m ostly  of b lossom s with 

"undeveloped" p is t i l s  p lus  a few with no p is t i ls  at a ll. T h is  f i r s t  heavy drop 

ap p e a re d  to conform  with the findings of Detjen (27). Also, it could be divided 

into two c a te g o r ie s  as  re p o r te d  by M urneek (71) for apples, cons is t ing  of u n ­

pollina ted  f low ers  and of po llinated  flow ers w here  fe r t i l iz a t io n  had failed  to 

take p lace .

The so -c a l le d  "June" drop, although showing only one pro longed p e r io d  

of heavy drop, m ay be divided into a f i r s t  and second period , F ig u re  4. A s ig ­

n ificant in c re a se  of daily d rops o c c u r re d  during June 7 to 14, and th is  ra te  of 

daily  drop re m a in e d  re la t iv e ly  constant for two weeks, the f i r s t  period , when
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the daily  drop in c re a se d  significantly  again, the second period , F ig u re  4. 

"June” drop o c c u r re d  about five w eeks a f te r  bloom, as  re p o r te d  by H a rro ld  

(32) for the peach  var ie ty ,  C arm an . The line of dem arkation  between the 

f i r s t  and second p e r io d  of "June" drop as  found in this study was r a th e r  h a rd  to 

d e te rm in e , but ap paren tly  took p lace  approx im ate ly  49 days a f te r  bloom, June 

21, 1958. T his  ap p eared  to occu r  about four to five days a f te r  the tim e of 

c e l lu la r  fo rm ation  of the endosperm  (Table 10). H arro ld  (32) found the th ird  

p e r io d  of f ru i t  drop o c c u r re d  about the seventh week a f te r  bloom. The d u r a ­

tion of "June" drop in th is  study ap p eared  longer than re p o r te d  by H arro ld  (32) 

fo r  the C arm an  v a r ie ty .  The f ru i ts  which dropped in June contained developed 

seeds, indicating  that fe r t i l iza t io n  had taken p lace . However, the seeds  w ere  

brown and sh rive lled .

The only s ignificant d ifference between the daily fru it  drop of the 

con tro l t r e e s  and the NAA t re a te d  t r e e s  o c c u r re d  during  June 21 to 25, 4. 1 as  

co m p ared  to 1. 1 p e r  100 o rig inal f ru its ;  June 28 to July 2, 1. 9 as  co m p ared  to 

5. 7; and July 1 to 5, 0. 4 a s  co m p ared  to 3. 5 (Table 7).

NAA applied  42 days a f te r  bloom at 30 ppm ap p eared  to delay the 

second p e r io d  of "June" drop th re e  to four days (F igure  4). A s im i la r  delay in 

fru it  drop was r e p o r te d  by S truckm eyer  and R oberts  (93) when NAA was used 

as  a thinning agent for apples, but the delay in fru it drop which they r e p o r te d  

la s te d  as  long as  one o r  two weeks. The use of NAA on peaches  in th is  study
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did not extend the second p e r io d  of ’’June" drop fo r  a longer t im e than was found 

fo r  the con tro l t r e e s .  This  was c o n tra ry  to the findings of Kelley (44) working 

with p each es ,  and T eubner  and M urneek  (96) w orking with apples .

As the NPA thinning t re a tm e n ts  w ere  made th ree  days a f te r  full bloom 

it seem ed  d e s ira b le  to d e te rm in e  the approx im ate  tim e the b lossom s o r  f ru i ts  

dropped from  NPA t re a te d  Redhaven t r e e s .  To accom plish  this, counts w ere  

m ade of b lo sso m s  and f ru i ts  on tagged b ranches  at the tim e of bloom, and a t 

two and ten  weeks a f te r  bloom. It was found that 88. 2 p e rcen t  of the o rig inal 

n um ber  of b lo sso m s  at full bloom had dropped during the pe r io d  of 14 days a f te r  

bloom with the m a jo r i ty  of drop o c c u r r in g  in the las t  seven days. W hereas, 

d u ring  th is  sam e  p e r io d  of 14 days, it was found that about 30 p e rc e n t  of the 

o r ig ina l  num ber of b lo ssom s had dropped from  the control t r e e s .  This pe r io d  

of heavy b lossom  drop on both the control and t re a te d  t r e e s  coincided with the 

tim e  of the f i r s t  heavy b lossom  drop of the control t r e e s  of Redhaven in the NAA 

study (F igu re  4).

As s ta ted  p rev io u s ly  M urneek  (71) suggested that the f i r s t  heavy drop of 

app les  could be divided into two c a teg o r ie s  cons is ting  of unpollinated f low ers  and 

of po llina ted  f lo w ers  w here  fe r t i l iz a t io n  had failed  to take p lace . On the b a s is  of 

th is , a s su m in g  that the pollination should s tim ula te  the growth and development 

of the p is t i l  (77), the f low ers  which fell during the f i r s t  heavy drop from  non­

t re a te d  con tro l  t r e e s  and the NPA t re a te d  t r e e s  of Redhaven w ere  exam ined to
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d e te rm in e  the num ber which had been pollinated  and those which w ere  unpollinated. 

E xam ina tions  of the f low ers  from  the NPA tre a te d  t r e e s  rev ea led  that 65. 5 p e rcen t  

of those  which had dropped contained a "developed" p is t i l .  W hereas, fo r  the con ­

t ro l  t r e e s  it was found that only 19. 8 p e rc e n t  of the flow ers which dropped con­

ta ined  a "developed" p is t i l .  This would indicate that the num ber of po llinated  

f low ers  w hich had a b s c is s e d  during  th is  p e r io d  of drop was in c re a se d  by NPA 

t re a tm e n t  m ade th re e  days a f te r  bloom on Redhaven peach  t re e s .  A s im i la r  r e ­

su lt was found fo r  NPA t re a te d  Halehaven t r e e s  as  83. 3 p e rcen t  of the b lossom s 

which had a b s c is s e d  contained a "developed" p is t i l  as  com pared  to only 20. 0 p e r ­

cent fo r the con tro l t r e e s .

In o rd e r  to de te rm in e  if fe r t i l iza tio n  had taken p lace  in the f low ers  which 

had dropped from  Redhaven t r e e s  t re a te d  with NPA, the ovules of ten  of these  

f low ers  w e re  exam ined under  the m ic ro sco p e . No m ore  than eight nuclei w ere  

found within the em bryo  sac  of any one of these  ovules. In com parison , 14 nuclei 

w ere  found in the em bryo  sacs  of f low ers  still  rem ain in g  on the u n trea ted  contro l 

t r e e s .  T h is  would indicate that fe r t i l iza t io n  had not taken p lace  in "developed" 

p is t i l s  of the f low ers  which had a b s c is s e d  from the Redhaven t r e e s  t re a te d  with 

NPA o r  that the zygote failed  to develop.



III. A natom ical Investigations of the Developing Em bryo and 
E ndosperm  of Halehaven and Redhaven Peach

The p ro g re s s iv e  growth and developm ent of the em bryo, endosperm , 

seed  and p e r ic a rp  of the Halehaven peach  from  full bloom through the pe r io d  

of "June" drop in 1957 and 1958 and of the Redhaven peach  in 1958 a r e  re c o rd e d  

in T a b le s  8, 9 and 10. Growth of the embryo, the endosperm , the seed  and 

the p e r ic a rp  in length is  p lo tted  against days in F ig u re s  5 and 6 for the H ale ­

haven peach  in 1957 and 1958, and in F igure  7 for the Redhaven peach  in 1958. 

The data of the t im e  of c e l lu la r  fo rm ation  of the endosperm  of Halehaven and 

Redhaven p each es  in 1958, as  analyzed  from  whole mounts, a r e  given in 

Table  11.

M icroscop ic  exam inations of ovules of Redhaven peach  b lossom s c o l­

lec ted  a t full bloom, May 3, 1958, rev ea led  approxim ate ly  th re e  nuclei within 

a m eg a sp o re  (Table 10). F o u r  and seven days a f te r  bloom, about six and eight 

nuclei w e re  located  within the m eg asp o re  t is su e  (Table 10). In the co llection 

m ade seven  days a f te r  bloom, th re e  nuclei, the antipodals, w ere  o b se rv ed  at 

the d is t i l  end; th re e  nuclei, the synerg ids  and the egg; at the m ic ro p y la r  end 

and one o r  two nuclei, the endosperm  nucleus, a t  the c e n te r  of the em bryo  sac.

Syngamy apparen tly  took p lace  in the Redhaven peach between May 10 

and M ay 17, 1958, 7 to 14 days a f te r  bloom. F rom  o b serva tions  of c e r ta in  

s lid es ,  the zygote had not divided in m ost c a se s  by May 17, but m any endo­

sp e rm  nuclei, about 14 in num ber, ap p eared  within the em bryo sac (Table 10).
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The m ic ro sc o p ic  sec tions  of Halehaven peach ovules of 1957 co llec ted  during  

the f i r s t  week a f te r  bloom w ere  s ta ined  too heavy to study possib le  m egagam eto-  

gen es is .

The p re se n c e  of a zygote within the em bryo sac was o b se rv ed  f i r s t  

in H alehaven peach  seeds  collec ted  May 13, 1957, about 11 days a f te r  bloom 

and f i r s t  d iv ision of the zygote o c c u r re d  within four days (Table 8). In 1958, 

w orking  with the Redhaven v a r ie ty  the zygote was f i r s t  o b served  on May 17,

14 days a f te r  bloom (Table 10); and in some cases  f i r s t  division of the zygote 

had a lre a d y  taken  p lace  (F igure  8). H arro ld  (32) studying the peach  varie ty , 

C arm an, o b se rv ed  zygote division 12 days a f te r  bloom, while D orsey  working 

with the E lb e r ta  peach  (28) found the zygote division to occur about 27 days 

a f te r  bloom. The peach  em bryo  of both Halehaven and Redhaven v a r ie t ie s  

grew v e ry  slow in length, width and cell num ber fo r approx im ate ly  42 days 

a f te r  the f i r s t  d ivision (F ig u res  5 and 7).

An a ttem pt w as m ade to c lass ify  the developm ental s tage of the peach  

em bryo as  r e p o r te d  by M eyer (67) for the em bryo of the developing M cIntosh 

apple. M ey er  c la s s if ie d  th re e  s tages  of p roem bryo  development from  the tim e 

of f i r s t  ce ll  d iv ision  to the stage of cotyledon development as  f ilam entous, 

s p h e r ic a l  and t ra n s i t io n a l .  He d esc rib ed  the f ilam entous stage as  follows;

"The em bryo  beginning with the f i r s t  cell division grows and divides as a 

l in e a r  object. " The f ilam entous s tage of the peach  em bryo is exem plified  in



F ig u re  8

T w o-ce lled  em bryo  found in the Redhaven peach  on May 17, 1958, 
14 days a f te r  bloom. The em bryo is in the e a r ly  f ilam entous  stage.
The endosperm  is in the f r e e -n u c le a r  stage. (X510)

F ig u re  9

A typical em bryo found in the Redhaven peach  on June 11, 1958,
39 days a f te r  bloom. The em bryo of app rox im ate ly  56 ce l ls  is  the late 
filam entous stage. The endosperm  is  in the f r e e -n u c le a r  s tage . (X200)

F ig u re  10

The endosperm  found in the Redhaven peach  on June 14, 1958,
42 days a f te r  bloom. C ellu la r  fo rm ation  of the endosperm  has  begun 
at the m ic ro p y la r  end and the p e r ip h e ry  of the em bryo  sac. (X200)

F ig u re  11

A typical em bryo found in the Redhaven peach  on June 18, 1958, 
46 days a f te r  bloom. The em bryo of app rox im ate ly  95 c e l ls  is  in the 
sp h erica l  s tage. The endosperm  has changed from the f r e e -n u c le a r  
s ta te  to the c e l lu la r  condition. (X200)
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F ig u re s  8 and 9. In 1957 the em bryo of the Halehaven peach  could be c l a s s i ­

fied as  f ilam entous  fo r  app rox im ate ly  28 days from  about 15 to 43 days a f te r  

bloom (Table 8). In 1958 the Redhaven peach  em bryo was found a lso  to be 

f ilam en tous  fo r  a  28 -day p e r io d  beginning 14 days a f te r  bloom (Table 10 and 

F ig u re  9). M eyer  (67) found that th is  em bryo stage la s ted  only 10 days for 

the M cIntosh apple.

The second stage as  d esc rib ed  by M eyer (67), the spherica l  s tage of 

the em bryo, begins when the d is ti l  t i e r s  of ce lls  in c re a se  in s ize  in th re e  d im en­

s ions. T h is  s tage of the peach  em bryo is shown in F ig u res  11 and 12. In 1957 

th is  s tage was o b se rv ed  about 43 days a f te r  bloom for the Halehaven v a r ie ty  

and continued fo r  7 to 10 days, Table 8, and in 1958 th is  spherica l  stage was 

ob se rv ed  about 39 days a f te r  bloom and la s ted  7 to 10 days (Table 9). F o r  

the Redhaven var ie ty ,  the sp h e r ica l  s tage began about 42 days a f te r  bloom 

and continued for 7 to 10 days (Table 10). F o r  both the Redhaven and Halehaven 

th is  stage was found to begin about th re e  o r  four days before endosperm  c e l lu ­

la r  fo rm ation . M eyer (67) o b se rv ed  that the spherica l stage of the em bryo  of 

the M cIntosh apple began about 22 days a f te r  fe r t i l iza tio n  and la s ted  for nine 

days.

The tra n s i t io n a l  stage o r  the th ird  stage of em bryo developm ent m arked  

by the e l ip it ica l  developm ent of the d istil  portion  of the em bryo, ap p eared  f i r s t  

when the em b ry o s  of the Redhaven and Halehaven reach ed  about the 300- to 500-
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ce lled  s tage  (F ig u re  13). By th is  t im e  the em bryo of both peach  v a r ie t ie s  had 

a tta ined  a  l in e a r  d im ension  of 100 m ic ro n s  in 1957 and 1958 (Tables 8, 9 and 10). 

This  change took p lace  in the Halehaven v a r ie ty  about 49 days a f te r  full bloom 

in both 1957 and 1958. This  change in development of the Redhaven em bryo 

was about 49 to 53 days a f te r  bloom com paring  c lose ly  with that of the H a le ­

haven v a r ie ty .  The change from  the sp h erica l  to the tran s i t io n a l  stage o c c u r re d  

for both peach  v a r ie t ie s  about th re e  o r  four days a f te r  the com plete  change of 

the endosperm  from  f re e -n u c le a r  to ce l lu la r  form ation (Tables  8, 9, 10 and 11).

Coinciding with the change to the tran s it io n a l s tage was the gradual 

in c re a se d  rap id  r a te  of growth in length, width, and cell division of the H ale ­

haven and Redhaven em b ry o s . However, the highest r a te  of em bryo growth 

was found to occu r  during  the te rm ina tion  of the tran s it io n a l s tage (F igure  14) 

and the in itia tion  of the coty ledonary  stage (F igure 15). Th is  was about seven 

days a f te r  in itia l t ra n s i t io n a l  development. To e x p re s s  th is  in a d ifferent way, 

the rap id  growth of the em bryo  took p lace  about 10 days a f te r  c e l lu la r  fo rm ation  

of the endosperm  (Tables 8, 9, 10 and 11).

In genera l,  the tim e of in itia tion  of the rap id  growth of the peach  em bryo 

as  found in th is  study a g re e s  with T ukey’s observa tions  of various  v a r ie t ie s  of 

peach es  (98). He c la s s i f ie d  th is  change in growth ra te  as  Stage II, which begins 

with the rap id  developm ent of the peach  em bryo, about 49 days a f te r  bloom.

E ndosperm  developm ent of both the Halehaven and Redhaven f ru i ts



F ig u re  12

A typical em bryo  found in the Redhaven peach  on June 21, 1958,
49 days a f te r  bloom. The em bryo  is  in the late sp h e r ica l  s tage . The 
endosperm  has changed from  the f r e e -n u c le a r  s ta te  to the c e l lu la r  
condition. (X93)

F ig u re  13

A typical em bryo found in the Halehaven peach  on June 21, 1957, 
49 days a f te r  bloom. The em bryo is  in the e a r ly  t ra n s i t io n a l  stage.
The endosperm  has changed from  the f re e -n u c le a r  s tage to the c e l lu la r  
condition. (X93)

F ig u re  14

A typical em bryo found in the Redhaven peach  on June 28, 1958,
56 days a f te r  bloom. The em bryo is  in the late  t ra n s i t io n a l  stage, the 
cotyledonary p r im o rd ia  showing. The endosperm  has changed from  the 
f re e -n u c le a r  s ta te  to the c e l lu la r  condition. (X46)

F ig u re  15

A typical em bryo  found in the Halehaven peach  on June 28, 1958,
57 days a f te r  bloom. The em bryo is  in the co ty ledonary  s tage . The 
endosperm  has changed from  the f re e -n u c le a r  s ta te  to the c e l lu la r  co n ­
dition. (X46)
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F ig u re  12 F igu re  13
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w as v e ry  rap id  im m edia te ly  a f te r  syngamy, the development p r im a r i ly  m a n i­

fe s ted  a s  m any d iv isions of the f re e -n u c le i .  A pproxim ately  14 nuclei w ere  

found within em bryo  sac of the Redhaven peach collected  May 17, 1958 (Table 

10) a t  the t im e  of zygote division. The tim e of the f i r s t  division of endosperm  

nucleus, 7 to 14 days a f te r  bloom, a g re e s  c lose ly  with H a r ro ld ’s study of the 

C arm an  peach.

The ra te  of ce ll d ivision of the em bryo in the Redhaven v a r ie ty  was 

h igher  than the endosperm  n u c lea r  division during the pe r io d  May 17 to 24.

The change was one to 15 ce lls  for the em bryo as  com pared  to 14 to 90 nuclei 

of ihe endosperm  (Table 10). F u r th e rm o re ,  14 days a f te r  the f i r s t  evidence of 

an endosperm , m ic ro sco p ic  studies  revea led  that the em bryo sac contained as  

m any  as  400 endosperm  nuclei as  com pared  to about 27 ce lls  for the em bryo.

D uring the p e r io d  of 21 days a f te r  the f i r s t  appearance  of the endo­

sperm , the em bryo  sac of both Halehaven and Redhaven developed rap id ly  in 

length tow ard  the cha laza l pocket of the ovule (Tables 8 and 10) and the endo­

sp e rm  ap p eared  to occupy the e n t i re  a r e a  of the em bryo sac  during  th is  lengthen 

ing p ro c e s s .  The extension  of the em bryo sac to the chalazal pocket apparen tly  

was com plete  35 days a f te r  bloom for Halehaven in both 1957 and 1958 and for 

Redhaven in 1958 (F ig u res  7, 8 and 9).

The change of the endosperm  from  the f re e -n u c le a r  s ta te  to c e l lu la r  

fo rm atio n  in the Halehaven peach  in both y e a rs  appeared  about 42 days a f te r  

bloom and was app aren tly  com plete  within two o r  th re e  days (Tables 8, 9 and 11)
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T his  change for the Redhaven v a r ie ty  was very  s im i la r  to the Halehaven, 

o c c u r r in g  44 to 45 days a f te r  full bloom (Tables 10 and 11). H a rro ld  (32) 

found a lso  that the endosperm  rem ained  in a f re e -n u c le a r  s ta te  until the end 

of the s ix th  week, 42 days a f te r  bloom.

Long thin s tra n d s  of cytoplasm  appeared  throughout the f re e -n u c le a r  

endosperm  of Halehaven and Redhaven a week before fo rm ation  of the cell 

w alls  with the g re a te s t  concen tra tion  of these s tran d s  su rrounding  la rge  vacu o ­

la ted  a r e a s  n e a r  the m ic ro p y la r  end of the endosperm  (F igures  9, 10 and 11). 

G radual fo rm ation  of the cell ca lls  appeared  at the m ic ro p y la r  end a t the p e r i ­

p h e ry  of the em bryo  sac  and continued until the la rge  vacoule in the cen te r  

becam e com ple te ly  occupied with ce lls .  Tukey (97) d esc rib ed  a s im i la r  d e ­

ve lopm ent in the c e l lu la r  fo rm ation  of the endosperm  of the sweet che rry ,  

P runus avium .

Im m edia te ly  a f te r  endosperm  c e l lu la r  form ation, the endosperm  of 

the H alehaven and Redhaven peach  grew v e ry  rap id ly  in length and width 

(Tables 8, 9 and 10) reach in g  about o n e - th ird  the volume of the seed 18 days 

a f te r  c e l lu la r  fo rm ation .

Coincident with this, the r a te  of growth of the seed  and p e r ic a rp  of 

the H alehaven and Redhaven peach declined sharp ly . T his  change in growth r a te  

o c c u r re d  seven to eight weeks a f te r  full bloom, during  the 1958 season  (F ig u res  

8 and 9) and it followed a v e ry  s im i la r  growth p a t te rn  as found fo r  the Halehaven



in 1957 (F igu re  7). T h ese  growth re la t io n s  w ere  desc rib ed  by Tukey (98) in 

an  e a r l i e r  study of the growth and development of the peach.

The endocarp of both the Halehaven and Redhaven of 1958 w ere  found 

to begin to hard en  about 35 days a f te r  bloom, making it difficult to b reak  the 

p e r ic a rp  in half with the f ingers .  By 56 days a f te r  bloom the endocarp was 

too h a rd  fo r  p e n e tra t io n  of even a r a z o r  blade.

The te rm  "shuck-off"  is used frequently  in re la tion  to peaches  and 

m ean s  the shedding of the hypanthium from  the young fru it .  The hypanthium 

unites  the s tam ens , cho ro lla  and calyx to the recep tac le  of a perigynous 

flow er. M ost of the shucks w ere  shed from  Halehaven peaches  in 1957 about 

30 to 32 days a f te r  bloom. W hereas, the g re a te s t  portion  of "shuck-off"  from 

both Halehaven and Redhaven peaches  in 1958 o c c u r re d  approxim ate ly  29 days 

a f te r  bloom. E ndosperm  c e l lu la r  form ation  o c c u r re d  approxim ate ly  12 days 

a f te r  "shuck-off"  for Halehaven in 1957, 15 days a f te r  "shuck-off" for H a le ­

haven in 1958, and 18 days a f te r  "shuck-off" for Redhaven in 1958. It m ight 

be that the tim e of "shuck-off"  for a specific  v a r ie ty  could be used  to d e te r ­

m ine the app rox im a te  tim e that the endosperm  of the peach  changed from  a 

f re e - n u c le a r  s ta te  to c e l lu la r  form .
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IV. N atu ra l  Horm one Content and Concentration of Young Redhaven 
Peach Seeds as  R elated  to E a rly  Growth and Development.

Studies in 1957 rev ea led  that the endosperm  of the Halehaven seeds  

changed from  a f r e e -n u c le a r  s ta te  to a ce l lu la r  s ta te  approx im ate ly  s ix  weeks 

a f te r  bloom. T h e re fo re ,  s tud ies  w ere  set up to evaluate the na tu ra l  horm one 

content and concen tra tion  of the seeds  before, during, and a f te r  the endosperm  

becam e ce l lu la r .

The growth r e sp o n se s  using  the avena s tra igh t growth te s t  by t r e a t ­

ing 5 m i l l im e te r  sec tions  of Brighton oats  with diethyl e th e r  e x tra c ts  of young 

Redhaven peach  seeds  and with various  concentra tions of indoleacetic  ac id  (IAA) 

and of ethyl indoleaceta te  (EtIA) a re  re c o rd e d  in Table 12. A su m m ary  of the 

data of n a tu ra l  horm one content and concentration  from diethyl e th e r  e x tra c ts  

of young Redhaven peach  seeds  as  de term ined  by the avena s tra igh t growth 

te s t s  shown in Table  12 a r e  reco rd ed  in Table 13. The ca lcu la ted  c o n c e n tra ­

tion and content of horm ones p re se n t  in the seeds  a re  p lo tted  aga ins t  t im es  

of sam plings  in F ig u res  16 and 17. The acid  and the neu tra l f rac tio n s  of the 

June 15 diethyl e th e r  e x t ra c t  w ere  chrom atographed  using  a 8:1:1 volum e ra tio  

of 2 -p ropano l,  am m onia, and w a te r  solvent, and the sec tions  of the c h ro m a to ­

g ra m s  w ere  analyzed  by the avena s tra ig h t growth te s t .  T hese  data a r e  r e ­

co rd ed  in Table  14. The data of the ch ro m ato g ram s a re  p lo tted  as h is to g ram s

in F ig u re s  18 and 19.

The n a tu ra l  horm one content from the acid and neu tra l  f rac t io n s  of
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F ig u re  16

N atural horm one concen tra tion  from  diethyl e th e r  e x t ra c ts  of 
Redhaven peach  as  de te rm in ed  by the avena s tra ig h t  growth tes t ,  1958. 
Hormone concen tra tion  of the acid  f rac tio n  of the e x t ra c t  is  com puted 
in equivalent indoleacetic  acid  (1AA) m ic ro g ra m s  p e r  g ram  f re s h  weight 
of seeds. Hormone concen tra tion  of the n eu tra l  f rac tio n  is  com puted in 
ethyl indoleaceta te  (EtIA) m ic ro g ra m s  p e r  g ram  f re s h  weight of seeds .

F ig u re  17

N atural horm one content from  diethyl e th e r  e x t r a c ts  of Redhaven 
peach  seeds as d e te rm ined  by the avena s tra ig h t  growth test, 1958. H o r ­
mone content of the ac id  frac tion  of the e x t ra c t  is com puted in equivalent 
indoleacetic  ac id  (LAA) m ic ro g ra m s  in seeds  of 100 f ru i ts .  Horm one 
content of the n eu tra l  f rac tion  of the e x t ra c t  is com puted in equivalent 
ethyl indoleaceta te  (EtIA) m ic ro g ra m s  in seeds  of 100 fru i ts .
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the e x t ra c ts  of young Redhaven peach  seeds  sam pled on June 2, 7, 15, 21 and 

28 as  d e te rm in e d  by the avena s tra ig h t growth te s t  was significantly  h igher 

than the con tro l t re a tm e n ts  of the phosphate buffer solution for all sam pling  

da tes  with one exception, the acid  f rac tio n  of June 2 (Table 12). The na tu ra l 

ho rm one  content of the seeds  of both the acid and neu tra l f rac tions  reached  a 

m axim um  in quantity of June 15 (F igure  11). The concentration  of the natural 

ho rm one  in the seeds  was h ighest on June 15 for the acid frac tion  of the e x ­

t ra c t .  W hereas, the horm one concentration  of the neu tra l f rac tion  was highest 

on June 7. The n a tu ra l  horm one concentra tion  of the neu tra l f rac tion  was 

re la t iv e ly  the sam e for the f i r s t  th re e  dates of sampling, June 2, 7 and 15, 

a f te r  which t im e  it d e c re a se d  m arked ly . During the period  the weight of the 

seed  of 100 f ru i ts  in c re a se d  from  2. 8 g ram s  on June 2 to 46. 6 g ram s  on June 

28 (Table 13). The horm one concen tra tion  and content p re se n t  in the acid  

frac t io n  had a g r e a te r  v a r ia t io n  during  the p e r io d  of sam pling  than was found 

for the n eu tra l  f rac tio n  (F ig u res  16 and 17).

It w as o b se rv ed  that the dilution quantities of 0. 5 and 1. 0 m i l l i l i te r  

of the ac id  and n e u tra l  f rac tio n s  from  e x tra c ts  of Redhaven peach  seeds c o l­

lec ted  June 2 and 7 a lm o s t  com ple te ly  inhibited any growth of coleoptile. The 

only exception  was the 0. 5 m i l l im e te r  of the neu tra l  f rac tion  from the June 7 

co llec tion  which reduced  the growth of the coleoptile in com parison  to the 

con tro l of phosphate  buffer solution alone.
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Coinciding c lo se ly  with the observed  high horm one accum ulation  in 

the p each  seeds  on June 15, w as the gradual change of the endosperm  from  a 

f r e e -n u c le a r  s ta te  to a c e l lu la r  condition which took p lace in 1958 for the 

Redhaven v a r ie ty  from  approx im ate ly  June 14 to June 18. Luckwill (57) a lso  

found a c lo se  c o r re la t io n  between high hormone content of the seeds  of the 

Beauty of Bath apple and the tim e of c e l lu la r  form ation  of the endosperm . He 

believed  the location  of the na tu ra l horm one m ay be in the endosperm  since the 

nucellus  w as a lm o s t  com pletely  absorbed  by the endosperm  at the t im e he m ade 

th ese  o b se rv a tio n s .  By co n tras t ,  the Redhaven peach  endosperm  did not appear  

to be any la r g e r  than one-ten th  the s ize  of the nucellus a t the tim e of the la s t  

sam pling, June 28.

High daily ra te  of fru it  drop of Redhaven, commonly r e f e r r e d  to as  

"June" drop, between June 21 and June 28, 1958 appeared  a f te r  the high con­

cen tra tio n  and content of na tu ra l  horm ones of the peach  seeds  observed  June 

15 (F ig u res  4, 16 and 17). This did not conform with the findings of Luckwill 

(58) w orking  with the apple. He re p o r te d  that high horm one content of apple 

seed s  c o r re sp o n d e d  with the te rm ina tion  of the "June" drop.

As the avena s tra ig h t growth te s ts  revea led  the p re se n c e  of na tu ra l  

o c c u r r in g  horm ones  in the seed, s tudies w ere  made in hopes of identification. 

D r ied  ch ro m ato g rap h ed  p a p e rs  which had been spotted with 0. 05 m i l l i l i te r  of 

the n e u tra l  f rac tio n  and of the ac id  frac tion  of the seed  e x tra c ts  of the June 15



76.

sam p le  w ere  scanned  with a 2537 "M ineraligh t"  for u ltrav io le t absorp tion . A
1

light blue spot w as found at Rf 0. 89 on the ch rom atograph  p ap e r  of the 

n eu tra l  fraction , but no noticeable spot was o bserved  on the ch rom atograph  

p a p e r  of the ac id  f rac tion .

C hrom atograph  p a p e rs  w ere  spotted with EtIA and with IAA in the 

solvent 8:1:1 volum e ra t io  of 2-propanol, am m onia and d is ti l led  w ater,  dried, 

and scanned  with the "M ineralight"  a s  for the neu tra l and ac id  f rac tio n s  of 

the peach  seed  e x tra c ts .  A blue spot was found for the ch rom atographed  

EtIA at Rf 0. 91, and a white spot was evident for the ch rom atographed  IAA 

at Rf 0. 50.

F o r  fu r th e r  evaluation these  ch ro m ato g ram s of the acid  and neu tra l 

f rac t io n s  contain ing  the n a tu ra l  e x trac ted  horm ones w ere  cut into s tr ip s  and 

b io logically  a s sy e d  with the avena s tra ig h t growth te s t .  Growth resp o n ses  

w ere  o b se rv ed  a t the Rf ran g es  of 0. 5 to 0. 6, 0. 6 to 0. 7, and 0. 7 to 0. 8 for 

the ac id  f rac tio n  and of 0. 8 to 0. 9 and 0. 9 to 1 .0  for the neu tra l  frac tion  

(Table 14 and F ig u re s  18 and 19). The Rf of these  growth re sp o n se  a r e a s  

would be about 0. 63 for the acid  fraction, and 0. 93 for the n eu tra l  f rac tion  

the m id -p o in ts  of each  Rf spot.

Sen and Leapold  (86) have re p o r te d  the use of E r l i c h e r ’s reagen t to 

d e te rm in e  the p re se n c e  of indole compounds. Accordingly, E r l i c h e r 's  reagen t

1Rf is  the d is tance  the substance  m ig ra ted , divided by the d is tance  the s o l ­
vent fron t m ig ra ted .
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w as sp ray ed  on ch ro m ato g rap h  p a p e rs  of the neu tra l  and acid  f rac tion  of the 

e x tra c te d  ho rm ones.  No noticeable  spot was fo rm ed  on the ch rom atograph  

p a p e r  of the ac id  f rac t io n  t r e a te d  with E r l i c h e r 's  reagen t.  However, a 

light blue spot was located  on ch rom atograph  p ap e r  of the neu tra l frac tion . 

C hrom atog raph  p a p e r s  of EtIA and IAA w ere  a lso  t re a te d  with E r l i c h e r 's  

reag en t .  A blue spot was found a t Rf 0. 95 on the EtIA paper ,  while an 

o range  spot w as evident at Rf 0. 50 on the IAA paper .

On the b as is  of these  evaluations, it appears  that the n a tu ra l  h o r ­

m one p re s e n t  in the acid  f rac tion  of the ex trac tion  from  the Redhaven peach  

seeds  is  not IAA. T h e re  is  a s tro n g  indication, however, that the natu ra l 

ho rm one p re s e n t  in the n eu tra l  frac tion  of the ex trac tion  is EtIA.
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DISCUSSION

Two p lant reg u la to rs ,  N - 1-naphthylphthalam ic acid  (NPA) and naph- 

th a len eace t ic  ac id  (NAA), when applied  to peach  t re e s  th ree  and 42 days a f te r  

bloom, re sp ec tiv e ly ,  at the c o r re c t  concentra tion  have significantly  reduced  

the f ru it  se t a s  was found in th is  study. But it has been observed  that NPA 

app lica tions  to peach  t r e e s  l a te r  than seven days a f te r  full bloom do not r e ­

duce the f ru i t  se t (2). W hereas, H ibbard and M urneek (33) and Kelley (44) 

have found that an application  of NAA at low concentra tions does not re su l t  

in effective f ru it  thinning when applied to peach t re e s  during a pe r io d  of a p ­

p ro x im a te ly  30 days following bloom. T herefo re ,  it is  apparent that the 

application  of the two m a te r ia ls  a r e  effective in reducing  the se t of b lossom s 

and f ru i ts  from  peach  t r e e s  at two d ifferent developmental s tages  of the 

rep ro d u c tiv e  organ . A h isto logical study of the developing flower and fru it  

was th e re fo re  n e c e s sa ry  to e s tab lish  the stage of development during  which 

the app lica tion  of these  m a te r ia ls  to peach  t r e e s  would re su l t  in effective 

thinning.

Ovules of Redhaven peaches  w ere  examined anatom ica lly  a t full 

bloom, a t four, and a t seven days a f te r  bloom in 1958. F rom  these  ex am in ­

ations, it w as o b se rv ed  that m egagam etogenesis  was in p ro g re s s  in the peach 

ovule during  the seven day p e r io d  a f te r  bloom (Table 10). Syngamy did not 

take p lace  in the peaches  of the Redhaven t r e e s  used in th is  study in 1958



until du r ing  a seven-day  p e r io d  between seven and 14 days a f te r  bloom (Table 

10). T h is  conform ed with the findings of H arro ld  (32) who rep o rted  that syn- 

gamy took p lace  about nine days a f te r  bloom in the peach  of the C arm an  

va r ie ty .

The NPA applications  m ade th ree  days a f te r  bloom on young R ed­

haven t r e e s  s ignificantly  reduced  the num ber of b lossom s in 1958 (Table 10). 

T h is  is  a s tro n g  indication, there fo re ,  that the p ro c e ss  by which peach 

f low ers  a r e  rem oved  by the re su l t  of an NPA application may involve the 

p reven tion  of syngamy. S im ilarly , Luckwill (62) has observed  that NAA 

sp ray ed  on open apple flow ers  before pollination induced incom patib ility  b e ­

tw een pollen  tubes and s ty la r  t issue , and th e re fo re  has suggested that th is  

m ay  account fo r thinning action  of NAA when applied at this stage.

F u r th e r  evidence to support th is  hypothesis of peach  thinning with 

NPA w as found by obse rv in g  the num ber and type of b lossom s which dropped 

from  the NPA t re a te d  t r e e s .  A m uch g r e a te r  num ber of b lossom s dropped 

from  the NPA t re a te d  t r e e s  than from  the contro l t r e e s  during the f i r s t  heavy 

daily  drop of b lo sso m s  of the contro l t re e s .

On the b as is  of the suggestion by M urneek (70) that apple b lossom s 

of the f i r s t  heavy drop m ay be divided into unpollinated flow ers and pollinated 

f low ers  w here  syngamy has failed, the p is t i ls  of the peach  flow ers which 

dropped from  the con tro l and NPA tre a te d  t r e e s  during  the f i r s t  heavy drop 

w e re  exam ined  for growth and development. A higher portion  of the a b sc is s e d



f low ers  from  the NPA t re a te d  t r e e s  contained a "developed” p is t i l  than 

those f low ers  which dropped from  the con tro l t re e s .  On the b as is  of this 

finding and a s su m in g  that pollination had s tim ulated  p is t i l  development (7 7 ), 

the in c r e a s e  drop from  the NPA tre a te d  t r e e s  over the con tro ls  apparen tly  

was due to a h e a v ie r  drop of pollinated flow ers.

M ic ro sco p ic  s tud ies  of a b sc is se d  flow ers with a ’'developed” p is t i l  

from  the NPA t re a te d  t r e e s  rev ea led  no evidence that fe r t i l iza tion  had taken 

p lace .  Thus, it ap p e a rs  that NPA m ay hinder, in some m anner, the ac t  of 

syngam y e i th e r  in d irec tly  o r  d irectly , and subsequently causing  ab sc iss io n  

of the flow er. NPA evidently  does not in te rfe re  with the pollination, a s s u m ­

ing that the high num ber of a b sc is se d  flow ers with ’’developed” p is t i l s  ind i­

cate  pollination.

T re a tm e n ts  of NAA at 30 ppm made on June 7 and on June 14, 1958 

re su l te d  in a s ignificant reduction  of fru it  set on Redhaven peach  t r e e s  (Table 

3). However, a t re a tm e n t  of NAA at the same concentration  made on June 

21 did not r e su l t  in any significant f ru it  reduction  (Table 3). This would 

indicate  that the Redhaven v a r ie ty  was sensitive  to NAA used  at 30 ppm for 

thinning p u rp o se s  35 and 42 days a f te r  bloom, but not 49 days. F o r  the 

t r e a tm e n ts  of NAA which reduced  fru it  set significantly  th is  would be seven 

and 14 days a f te r  " sh u ck -o ff” , a m eans  of t im ing used  by Kelley (44) in Illinoi

H ibbard  and M urneek (33) found the m ost favorable  time to thin the



E lb e r ta  peach  with NAA was 34 days a f te r  bloom, but Kelley (44) found the 

m o st favorab le  t im e to th is  this v a r ie ty  with NAA was 38 days a f te r  bloom 

one y e a r  and 48 days a f te r  bloom ano ther  year .  However, it is  in te re s t in g  

that in each  c a se  the effective applications of NAA o c c u rre d  approx im ate ly  

14 days a f te r  "shuck-off" . T hese  investiga to rs  found no significant thinning 

when NAA was applied  at "shuck-off" , 21 days and 28 days a f te r  "shuck-off", 

but thinning o c c u r re d  when the trea tm en t was made seven and 14 days a f te r  

"shuck-off" .  F ro m  th ese  exp er ien ces  it appears  that t im ing the applications 

of NAA re su l t in g  in effective thinning could be based m o re  advantageously on 

days a f te r  "shuck-off"  r a th e r  than days a f te r  bloom.

R elating  the tim e of NAA application with "June" drop, Kelley (44) 

o b se rv ed  that app lications  of NAA made during o r  a f te r  "June" drop, 21 to 

28 days a f te r  "shuck-off" , w e re  not effective in thinning peach  t r e e s .  These  

ob se rv a tio n s  c o r ro b o ra te  the findings of this study as the NAA application 

m ade on Redhaven peach  t r e e s  June 21, 1958 at the beginning of the second 

p e r io d  of "June” drop did not r e su l t  in significant thinning. However, the 

two e a r l i e r  t re a tm e n ts  m ade on June 7 and on June 14 gave significant th in ­

ning (Table 3, and F ig u re  4). The two tre a tm e n ts  of June 7 and June 14 w ere  

m ade during  the f i r s t  p e r io d  of "June" drop o c c u rr in g  June 7 to June 21. From  

the r e s u l t s  of th is  study it would seem that K elley ’s (44) re fe re n c e  to "June" 

drop would conform  to the second period  of "June" drop shown in F igure  4.

T h is  second p e r io d  of "June" drop was typified by a h eav ie r  daily f ru it  drop 

than the f i r s t  period .
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The NAA application  on Redhaven t r e e s  June 14 appeared  to delay 

the second p e r io d  of "June" drop th re e  o r  four days (F igure  4). N everthe less , 

th is  p e r io d  w as not extended over any longer tim e by the NAA applications 

c o n tra ry  to the findings of Kelley (44) for the E lb e r ta  peach  and of Teubner 

and M urneek  (96) for the Jonathan apple. The delay in fru it  ab sc iss io n  by 

the u se  of NAA on the Redhaven peach  t r e e s  as  found in this study may p e rh ap s  

be explained by the te m p o ra ry  positive  effect of the NAA on the ab sc iss io n  

zone of the f ru it  a s  d esc r ib ed  by M urneek and Teubner (76) for the ped ice ls  

of app les  when NAA is used for thinning.

An a ttem p t was m ade to re la te  the th ree  s tages  of development of 

the peach  f ru i ts  a s  r e p o r te d  by Tukey (98) with the effectiveness  of NAA 

t r e a tm e n ts  in thinning. The two t re a tm e n ts  of NAA on the Redhaven v a r ie ty  

in 1958, which s ignificantly  thinned the f ru its ,  w ere  made during Stage I, the 

t im e of ra p id  in c re a se  in s ize  of the p e r ic a rp  when the development of the 

em bryo was in an  " a r r e s te d "  s ta te  (F igure  7). The late NAA tre a tm e n t 

which did not s ignificantly  reduce f ru it  set, was made at the beginning of Stage 

II, June 21, when the ra te  of em bryo growth was rap id  and the ra te  of growth 

of the p e r ic a rp  had declined (F igure  7). Thus, it would appear  that a f te r  the 

em bryo  e n te r s  the period  of rap id  growth stage, thinning can no longer be 

acco m p lish ed  because  of the in c re a s in g  r e s is ta n c e  of the em bryo to abortion. 

R ie tsem a , Satina and Blakeslee (82) found evidence a lso  that young D atura



em b ry o s  a r e  m o re  sensitive  to the effects  of indoleacetic acid than advanced 

em b ry o s .

A ssum ing  that em bryo  abortion  is involved in the thinning m echanism  

of NAA, it a p p e a rs  that the em bryo is  susceptib le  to NAA applications when 

it is  in the filam entous and the sp h erica l  s tages  and that it is  r e s i s ta n t  in 

the t ra n s i t io n a l  and la te r  s tages  (Tables 3 and 10). Teubner and M urneek (96) 

believed  that the apple em bryo was m ost susceptib le  in the 8 - to 16-celled  

s tage  which would p lace  it in the filam entous stage, as c la ss if ied  by M eyer (67). 

It is doubtful that the use of NAA on peaches at the non-in jurious ra te  of 30 

ppm before  June 7, one week a f te r  ”shuck-off", would effectively reduce the 

f ru i t  set, s ince H ibbard and M urneek (33) and Kelley (44) found that an app li­

cation a t  "shuck-off"  o r  e a r l i e r  was not effective. The Redhaven peach em bryos 

w ere  about 4 6 -ce lled  one week a f te r  "shuck-off" and, there fo re ,  w ere  m ore  

advanced than the 8 - to 16-ce lled  em bryos of the apple (Table 8). E m bryos  

of the H alehaven v a r ie ty  w ere  s im i la r  to Redhaven in development throughout 

1957 and 1958 (Tables 6 and 7). It m ay be conjectured  from this  that the peach  

em bryo  is not as  sensit ive  to NAA during the e a r ly  p a r t  of the f ilam entous 

stage as  the apple em bryo. However, fa ilu re  of NAA to reduce the f ru it  set 

when the em bryos  a re  in the e a r ly  p a r t  of the filam entous stage m ay be a t t r i ­

buted to the l im ited  leaf su rface  on the peach t r e e s  during th is  e a r ly  stage, 

re s u l t in g  in reduced  abso rp tion  of the thinning agent.
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It is  believed that a c lose  study of the e a r ly  development of the 

p each  em bryo  would contribute  to the subject of fru it thinning by NAA. The 

type of em bryo  found in the Halehaven and the Redhaven peach  appeared  to 

be s im i la r  to that of the Geum urbanum which was c lass if ied  by Johansen (39) 

as  the A s te ra d  type. This  type is typified by a single t r a n s v e r s e  division in 

the zygote which is  followed by an oblique division in the te rm in a l  cell and 

a second t r a n s v e r s e  division in the basal cell. T eubner and M urneek (96) 

o b se rv ed  the sam e type of developm ent in apple em bryos of the Jonathan 

v a r ie ty .  A pparently , the em bryo type for the apple d iffers  with the var ie ty  

a s  M eyer  (67) r e p o r te d  an em bryo development s im i la r  to the Solanad type 

for M cIntosh.

The p r im a r y  d ifference in the ea r ly  em bryo development between 

the apple and the peach  a p p e a rs  to be the length of tim e the em bryo rem a in s  

in the filam en tous  s tage . The peach  em bryo as found in this study rem ained  

in the filam entous  s tage 28 days (Tables 8 , 9 and 10) as  com pared  to 10 days 

for the apple em bryo  re p o r te d  by M eyer (67). The length of tim e in which 

the peach  em bryo  rem a in ed  in the sp h erica l  and transit iona l  stage (Tables 8 ,

9 and 10) w as about the sam e as  found in the apple by M eyer (67). T he refo re ,  

the s o -c a l le d  " a r r e s te d "  s tage com posed of the filam entous and spherica l  

s tag es  of the peach  em bryo would be about two o r  th ree  weeks longer than 

that of the apple w ith the longer tim e of the filam entous stage c rea t in g  the 

d ifference .



The length of tim e of the " a r re s te d "  stage of the peach  ap p ears  to 

coincide c lo se ly  with that of the p e a r  (6 8 ). M itchell (68 ) observed  that em bryos 

of the B artle tt  p e a r  rem a in ed  m ic ro sco p ic  for eight weeks a f te r  bloom a f te r  

which t im e  they in c re a se d  in length rapid ly . This com pares  to about eight 

w eeks a f te r  bloom for the peach  em bryo as  observed  in th is  study.

Luckwill (62) found that the g re a te s t  thinning effect obtained from NAA 

on the C raw ley  Beauty v a r ie ty  of apple was during  ce l lu la r  fo rm ation  of the 

endosperm . Based on Luckw ill 's  repo rt ,  the thinning action of NAA on peach  

t r e e s  was studied  to de te rm ine  if it was re la ted  to endosperm  development.

The two NAA t re a tm e n ts  made in 1958 on Redhaven peaches, which re su l ted  

in s ignificant thinning, w ere  applied about th re e  days and 11 days before 

c e l lu la r  fo rm ation  of the endosperm  (F igure 7). W hereas, the NAA tre a tm e n t  

which did not r e su l t  in significant thinning of Redhaven peaches  was made th re e  

days a f te r  c e l lu la r  fo rm ation  (F igure  7). The NAA applications 42 days a f te r  

bloom on H alehaven peach  t r e e s  in 1957 and 1958 w ere  just before ce l lu la r  

fo rm atio n  of the endosperm  and a lso  re su lted  in significant thinning (Table 3). 

T h e re fo re ,  it a p p e a rs  that the application made when the endosperm  is in the 

f re e - n u c le a r  s ta te  just before  c e l lu la r  development, m ay be vital for the 

thinning action  of NAA.

O bserva tions  from  this study indicate that ce l lu la r  form ation  of the 

endosperm  o c c u r re d  about two weeks a f te r  "shuck-off  . A ssum ing  that the 

t im e  of "shuck-off"  r e f le c ts  seed  and fru it development m ore  so than the



t im e  of full bloom, it becom es evident that the NAA tre a tm e n ts  made by 

H ibbard  and M urneek  (33) and Kelley (44) which gave effective thinning m ust 

have been applied  ju s t  before c e l lu la r  fo rm ation  in the endosperm .

It would be difficult to s ta te  that the thinning action of NAA is m ore  

dependent on the developm ent of the endosperm  than the development of the 

em bryo, s ince  they a r e  in separab le .  But, it would be even m ore  difficult to 

believe that the thinning action of NAA on peaches is independent of the 

sp e c ta c u la r  c e l lu la r  change of the endosperm .

If the t im e  of "shuck-off"  can be used for de term in ing  the tim e of 

the c e l lu la r  fo rm ation  of the peach endosperm  for the purpose  of applying a 

thinning agent, as  NAA, it would seem  that a m ore  exact method could be 

used. The p ro c e s s  of "shuck-off"  o ccu rs  slowly over a per iod  of about a 

week, the r a te  of which can be a l te re d  eas ily  by ra in  and wind. L inea r  size 

of the young fru it  in c re a se d  very  rap id ly  before and during the c e l lu la r  f o r ­

m ation  of the endosperm , in c re a s in g  at the ra te  of about two m il l im e te r s  for 

ev e ry  th re e  days (F ig u res  5, 6 and 7). The s ize  of the fru it  of the Halehaven 

and Redhaven peach  was approx im ate ly  30 m il l im e te rs ,  o r  one and th re e -  

s ix teen th  inches during  the endosperm  change (F igures  5, 6 and 7). The tim e 

of NAA applica tion  for effective thinning could be de te rm ined  possib ly  by 

m e a s u r in g  the l in ea r  s ize  of p e r ic a rp  at th re e -  o r  fou r-day  in te rv a ls  beginning 

about one week a f te r  "shuck-off" . When the l in ea r  dim ension of the fru it
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r e a c h e s  about 29 m i l l im e te r s ,  o r  one and one-eighth  inches, a NAA application 

at th is  t im e  and at the r igh t concentration  should give effective thinning.

F ro m  the suggestion  by Luckwill (57, 59) that the accum ulation of 

n a tu ra l  horm one in the apple endosperm  could control ab sc iss io n  of the young 

fru it ,  a study was made in 1958 to re la te  the na tu ra l horm one content and 

co ncen tra tion  in Redhaven peach  seeds  with the natu ra l "June” drop. It was 

found from  th is  study that the na tu ra l  hormone content of the peach  seeds was 

g re a te s t  on June 15, which was during the f i r s t  period  of "June" drop, about 

one week before the second pe r io d  of "June" drop (F igures  4 and 17). In 

co n tras t ,  Luckwill (59) found a low accum ulation of horm one in apple seeds 

during  "June" drop.

The concen tra tion  of the na tu ra l  hormone in the neu tra l fraction  of 

the peach  seed  e x tr a c ts  was lower during the second period  of "June" drop 

than at the o th e r  sam pling  dates (F igu res  4 and 16). Even the concentra tion  

of th is  horm one did not ap p ear  to be r e la te d  to na tu ra l fru it  drop.

Since the endosperm  of the peach seeds did not appear  to be any la rg e r  

than the nucellus  during  the sam pling period, m ost of the na tu ra l hormone 

b iologically  a ssy ed  could have come from  the nucellus. Luckwill (57, 58) was 

w ork ing  with apple seeds  in which the endosperm  m ade up m ost of the volume. 

But s ince  the g r e a te s t  na tu ra l  horm one content was found at the tim e of c e l lu la r  

fo rm atio n  of the peach  endosperm , it would seem  that the la rg e s t  portion  of the 

horm one w as sea ted  in o r  n e a r  the em bryo sac.
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The na tu ra l  horm one accum ulation  in peach  seeds  d e c re a se d  as  the 

ra te  of grow th of the endosperm  and em bryo  in c re a se d  from  June 21 to June 

28, 1958 (F ig u res  7, 16 and 17). A fter  finding the sam e re la tionsh ip  between 

the horm one content and em bryo  growth in apple seeds, Luckwill (57) su g ­

ges ted  that the horm one p lays  a p a r t  in em bryo development during  the p e r io d  

of i ts  rap id  growth. T eubner and M urneek  (96) found that the ac tiv ity  of the 

indo leace tic  ac id  ox idase  system  of apple em bryos  was g re a te s t  in the rap id ly  

developing em b ry o s .  The ac tiv ity  of th is  system  m ay explain p a r t ia l ly  the 

d e c re a s e  of horm one accum ulation  during  the in c re a se d  growth of the em bryo, 

a s su m in g  that the ho rm ones  which w ere  iso la ted  could be oxidized by the sam e 

sy s tem .

It is  difficult to re la te  the thinning effec tiveness  of NAA on peach 

t r e e s  w ith  na tu ra l  horm one accum ulation  in the peach  seeds. The two t r e a t ­

m en ts  of NAA on Redhaven peach  t r e e s  that re su l te d  in significant thinning 

w ere  m ade one day and eight days before  the tim e of the g re a te s t  n a tu ra l  h o r ­

mone content in the peach  seed  (Table 3, and F igure  17). The NAA a p p l ic a ­

tion m ade six  days a f te r  the tim e of the g re a te s t  horm one content r e su l te d  in 

no s ignificant thinning of peach  t r e e s  (Table 3 and F ig u re  17). It is poss ib le  

that the addition of an exogenous supply of NAA to the seed  would r e su l t  in 

the inhibition of the em bryo  through com petition with the n a tu ra l  horm one of 

a  high content, a s  T eubner and M urneek  (96) suggested in thinning apples .
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M ore  w ork  is  n e c e s sa ry  to substan tia te  o r  d isprove th is  suggestion.

Of the two apparen t horm ones e x trac ted  from the Redhaven peach  

seeds, th e re  is a s tro n g  indication that one of the n a tu ra l  horm ones was ethyl 

indo leace ta te .  T h e re  is no positive  evidence that the o ther  horm one was a 

indole d e r iv a tiv e  compound. T eubner (94) identified ethyl indoleaceta te  as  

the n a tu ra l  horm one p re s e n t  in apple seeds. Of th ree  na tu ra l  horm ones 

iso la te d  from  seeds, f ru i ts ,  and leaves  of apples, Luckwill (63) found one 

horm one with p ro p e r t ie s  s im i la r  to ethyl indoleacetate . The o ther  two h o r ­

m ones did not ap p ea r  to be indole deriva tive  compounds. The two unidentified 

n a tu ra l  ho rm ones  w ere  found to be p r e s e n t  in apple seeds  only before and 

during  the t im e of c e l lu la r  fo rm ation  of the endosperm . The indole d e r iv a ­

tive horm one w as p re s e n t  before, during  and a f te r  the tim e of the endosperm  

change from  f r e e -n u c le a r  to c e l lu la r  form .

A n a tu ra l  inh ib ito r  to the growth of coleoptile  sections  of oa ts  was 

found in the n eu tra l  f rac tio n  of the June 15 ex tra c t  from  peach  seeds (Table 14 

and F ig u re  19). The inh ib ito r  was located  on ch ro m a to g ram s  at Rf 0. 1 to 0. 2, 

us ing  a 2 -p ropanol, am m onia, w a te r  solvent of a 8:1:1 volume ra t io .  It was 

not p o ss ib le  to identify  it. Luckwill (63) iso la ted  two inh ib ito rs  from  apple 

seed s  of which one was p re se n t  only before and the o ther  p re s e n t  only a f te r  

c e l lu la r  fo rm atio n  of the en dosperm . He could not positive ly  identify them.

The r e s u l t s  of th e se  s tud ies  ind icate  quite definitely that two plant
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re g u la to rs ,  NPA and NAA, a r e  p ro m is in g  b lossom  and f ru it  thinning agen ts  of 

p each  t r e e s .  The use of NPA has the advantage of d e c re a s in g  b lossom  set 

e a r ly  in the season, for in c re a se d  fru it  size , and for an in c re a se d  num ber of 

f low er buds the following spring . At the p re se n t  tim e NAA a p p ea rs  to be the 

m o re  favorab le  of the two as  a thinning agent because of the p oss ib il i ty  of 

thinning a f te r  the danger of sp ring  fro s t .
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SUMMARY

1. A s e r i e s  of s tud ies  w e re  conducted during the p e r io d  of 1955 

th rough  1958 to d e te rm in e  the tim e of application, and the value of naphthalene - 

ace t ic  ac id  (NAA), N -1-naphthy lph thalam ic  ac id  (NPA), and 3 -c h lo ro - iso p ro p y l-  

N-phenyl c a rb a m a te  (3-chloro  IPC) for blossom  and fru it  thinning of peaches .

a. Redhaven t r e e s  w ere  over thinned by NPA at 300 ppm 

app lied  th re e  days a f te r  full bloom in 1956 and 1958. T re e s  t re a te d  with NPA 

a t 200 and 400 ppm in 1955; with NPA at 200, 250 and 300 ppm in 1957; and 

with NPA at 250 ppm in 1958, had to be hand-thinned. In 1956, Halehaven 

t r e e s  w ere  thinned effectively  with 300 ppm NPA applied  th re e  days a f te r  full 

bloom. Halehaven t r e e s  t re a te d  with NPA at 200 and 400 ppm in 1955; with 

NPA at 200, 250 and 300 ppm in 1957; and with NPA at 250 and 300 ppm in 

1958, r e q u i re d  hand-thinning.

b. The use  of 3 -ch lo ro  IPC at 400 ppm on Redhaven and H a le ­

haven four weeks a f te r  bloom in 1956 and 1957 did not thin sufficiently  to e l im ­

inate hand-thinning. It's  use  did hasten  r ipen ing  of the f ru i t  a s  m e a su re d  by 

f i rm n e s s  of flesh, and did re s u l t  in undes irab le  "beaked" p eaches  (F igure  1). 

Because of the u n d es irab le  shape of the peaches  re su l t in g  from  i t ’s use, 3- 

ch lo ro  IPC was e lim ina ted  from  fu r th e r  testing.

c. NAA at 300 ppm applied  42 days a f te r  bloom, two weeks 

a f te r  "sh u ck -o ff” , in 1957 and 1958, gave significant f ru i t  thinning on Redhaven
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and Halehaven t r e e s .  An application  of NAA on Redhaven t r e e s  35 days a f te r  

bloom, one week a f te r  ” shuck-off", at 30 ppm re su l te d  in significant thinning 

in 1958; but an  application  of NAA 49 days a f te r  bloom re su l te d  in no apparen t 

thinning.

d. The s ize  of Redhaven and Halehaven peaches  was in c re a se d  

in 1956 by the use  of NPA at 300 ppm. However, the use of 3 -ch lo ro  IPC at 

400 ppm in c re a se d  the s ize  of the fru it  of only the Redhaven varie ty .

e. An application  of NAA at 30 ppm 42 days a f te r  bloom on 

Redhaven and Halehaven t r e e s  in 1957 significantly  reduced  the num ber of 

flow er buds in the sp r in g  of 1958. T h e re  was a significant in c re a se  in the 

num ber of f low er buds on Redhaven t r e e s  t re a te d  with NPA at 300 ppm th re e  

days a f te r  bloom in 1957 when com pared  to those t r e e s  rece iv in g  no t r e a t ­

m ent.

2. In o rd e r  to evaluate  the p a t te rn  of fru it  drop, a study was in itia ted  

in 1958 to com p are  the n a tu ra l  drop of b lo sso m s and young fru i ts  from  Redhaven 

peach  t r e e s  with the drop re su l t in g  from  the use of NAA and NPA as  thinning 

agents .

a. The daily b lossom  drop of the contro l t r e e s  was heav ies t 

during  a p e r io d  of seven days a f te r  bloom. M ost of the drop from  the Redhaven 

p each  t r e e s ,  which re c e iv e d  an app lication  of NPA at 300 ppm th re e  days a f te r  

bloom took p lace  during  th is  sam e period . Sixty-five p e rc e n t  of the b lossom s
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w hich dropped seven days a f te r  bloom from  the NPA tre a te d  t r e e s  w ere  p o ll in ­

ated, w h e re a s  only app rox im ate ly  20  p e rc e n t  of the b lossom s which dropped 

from  the con tro l t r e e s  w ere  pollinated. T h e re  was no indication that syngam y 

had taken  p lace  in the pollinated  p is t i ls  of the a b sc is s e d  flow ers.

b. The so -c a l le d  "June'' drop of the contro l t r e e s  was divided 

into a f i r s t  and second p e r io d  of heavy fru it drop. The f i r s t  period  of heavy 

f ru i t  drop o c c u r re d  approx im ate ly  35 days a f te r  bloom and rem ain ed  constant 

fo r 14 days. The second per iod  of drop o c c u r re d  about 49 days a f te r  bloom 

and la s te d  fo r  11 days. An application of NAA at 30 ppm 42 days a f te r  bloom 

a p p ea red  to delay the second p e r io d  of "June" drop by th re e  days, but it did 

not ex tend th is  p e r io d  for any longer tim e.

3. A natom ical investigations  w ere  made in 1957 and 1958 on Halehaven 

and Redhaven p each es  so as  to r e la te  the development of the em bryo, endo­

sp e rm , and p e r ic a rp  with the tim e of application  of the plant reg u la to rs ,  NPA 

and NAA, fo r  m o re  effective thinning.

a. M icroscop ic  exam inations  of the Redhaven peach  revea led  

that syngam y took p lace  betw een seven and 14 days a f te r  bloom in 1958. The 

peach  em bryo  of both the Halehaven and Redhaven v a r ie t ie s  grew  very  slowly 

in length, width and ce ll  n um ber  fo r about 35 days a f te r  syngamy during  the 

s o -c a l le d  " a r r e s t e d "  s tage. The em bryo  continued in the f ilam entous stage, 

l in e a r  in shape, fo r  a 2 8 -day period , a form  which developed im m ediate ly
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a f te r  the f i r s t  d iv ision of the zygote, 14 days a f te r  bloom. The em bryo becam e 

bulbous in shape, the sp h e r ica l  stage, approx im ate ly  42 days a f te r  bloom which 

continued for seven to ten  days. Rapid growth of peach  em bryo w as observed  

about 49 days a f te r  bloom during  the tra n s it io n a l stage, when the em bryo 

changed to a tr ian g le  shape. The rap id  ra te  continued throughout the e a r ly  

co ty ledonary  stage which followed seven days la te r .

b. The endosperm  of the peach  continued in a f re e -n u c le a r  

s ta te  fo r  ap p ro x im a te ly  32 days a f te r  syngamy and changed to a c e l lu la r  con ­

dition about 42 days a f te r  full bloom, two weeks a f te r  " sh u c k -o f f1. The endo­

sp e rm  grew  rap id ly  in width and length approxim ate ly  seven days a f te r  c e l lu la r  

fo rm ation .

c. The seed and p e r ic a rp  of the peach  continued to grow at

a rap id  r a te  fo r  a p e r io d  of 49 days a f te r  bloom when a sharp  decline o ccu rred .  

The endocarp  of the peach  began to ha rd en  about 35 days a f te r  bloom. "Shuck- 

off" was found to o ccu r  app rox im ate ly  30 days a f te r  full bloom in 1957 and 1958 

fo r  both the Redhaven and Halehaven v a r ie t ie s .

4. F ru i t  co llec tions  from  Redhaven t re e s  w ere  made June 2, 1958, 

four w eeks a f te r  bloom, and at weekly in te rv a ls  th e re a f te r  for a p e r io d  of 

four w eeks in o r d e r  to d e te rm in e  the re la t iv e  concentra tion  and content of 

n a tu ra l  h o rm o n es  o c c u r r in g  in peach  seeds.

a. The n a tu ra l  horm one content of both ac id  and neu tra l f rac tio n s
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from  peach  seed  e x tr a c ts  rea c h e d  a m axim um  in quantity on June 15, six weeks 

a f te r  bloom. The concen tra tion  of the na tu ra l horm one in the seeds  was highest 

on June 15 for the acid  f rac tio n  of the ex trac t .  The horm one concentra tion  of 

the n eu tra l  f rac tio n  was re la t iv e ly  the sam e for the f i r s t  th ree  dates of sampling, 

June 2, 7 and 15, a f te r  which tim e it d e c re a se d  m arkedly .

b. C hrom atograph  p a p e rs  w ere  spotted with the acid  and neu tra l  

f ra c t io n s  of e x t r a c ts  from  peach  seeds  and w ere  m ig ra ted  with a 8 : 1:1 volume 

ra t io  solvent of 2 -propanol, am m onia, and w ater .  F rom  various  qualita tive 

te s t s ,  it  ap p ea red  that the neu tra l  horm one p re se n t  in the acid  f rac tion  of the 

ex trac t io n  from  the Redhaven peach  seeds  was not IAA. T h e re  was a s tro n g  

indication, however, that the na tu ra l  horm one p re se n t  in the neu tra l  frac tion  

of the e x trac t io n  was EtIA.

The r e s u l t s  of th ese  s tud ies  indicate quite definitely that two plant 

re g u la to rs ,  NPA and NAA, a r e  p ro m is in g  blossom  and fru it  thinning agents 

of peach  t r e e s .  Of th ese  two, NAA a p p e a rs  to be m o re  favorable  a s  a thinning 

agent b ecause  of the p o ss ib i l i ty  of thinning a f te r  the danger of sp r in g  fros t.
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