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INTRODUCTION

D isco v e ry  of the  effect of b e ta - in d o le ac e t ic  ac id  on plant growth 

opened  an ex tens ive  field of r e s e a r c h  for plant phys io log is t s  As a result  

m an y  inves t iga t ions  have been made  to d i scove r  compounds  which would s i m u ­

la te  the action  of indo leace t ic  ac id  The  s t r u c tu r a l  r e q u i r e m e n t s  of compounds  

ac t ive  a s  auxins  o r  a n t i -aux ins  have been inves t iga ted  ex tens ive ly  and s e v e r a l  

t h e o r i e s  have been  fo rm u la ted  Recent ly  many different new synthet ic  compounds  

have been  found to be ac t ive  as  plant growth  substances ,  and hence  have led to a 

r e s t a t e m e n t  of t h e s e  s t ru c tu r a l  r e q u i r e m e n t s  for growth re g u la to r s .  Since the 

d i s c o v e r y  of high ac t iv i ty  of 2, 3, 6 - t r i ch lo ro b en z o ic  acid,  2, 6 -d ich lo robenzo ic  

a c id  and 1 -naphthoic  ac id  a s  growth r e g u la to r s ,  the  s ide  chain  in the fo rm  o r i g ­

ina l ly  p o s tu la ted  is  no longer  a c r i t e r i o n  for the  s t r u c tu r a l  r e q u i r e m e n t  The  

s t r u c t u r a l  d iv e r s i ty  of known growth  r e g u la to r s  has  p ro v e d  to be a va luable  tool 

for inves t iga t ions  into the  re la t io n sh ip s  am ong  phys io logica l  ac t iv i t ie s .  The  

m e c h a n i s m  of action conce rn in g  the  physio logical  p r o c e s s e s  which account for 

the  chem ica l  contro l  of growth  is  not yet comple te ly  unders tood  T h e re fo re ,  

r e s e a r c h  into the re la t ionsh ip  between chem ica l  s t r u c t u r e  and morphogene t ica l  

act iv i ty  may p rov ide  a short  cut to the d iscove ry  of o ther highly act ive  compounds  

o r  p rov ide  fundamental  knowledge on mode of action

T he  initial scope of th is  w ork  was to s c r e e n  out compounds  which might 

be of som e  value in ho r t i cu l tu ra l  p r a c t i c e s ,  and an a ttempt  was then made to 

c o r r e l a t e  the  s t r u c t u r e s  and ac t iv i t i e s  of som e t e s t ed  compounds
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Biological  Activ ity  of Organic  C hem ic a l s  on C ucum ber  Root Growth

Review of L i t e r a t u r e

B eta - indo leace t ic  ac id  was  i so la ted  f rom  human ur ine  in 1934 by 

Kbgl (36) and  his c o l l a b o ra t o r s  at Utrecht ;  it was  found to be m a rk e d ly  act ive  

in p r o m o t in g  cell  elongation  in p lan t s  Fol lowing th is  d iscovery ,  Z i m m e r m a n  

and Hitchcock (92) showed that  phenyl, alpha and bet a -naphthalene ,  an thracene ,  

acenaphthene ,  and f luorene  ace t ic  a c id s  all  p o s s e s s e d  growth regu la t ing  a c t i ­

v ity  Many o th e r  compounds,  which included such in d o le -ca rboxy l ic  ac ids  

a s  a lpha ( indo le -3)-p rop ion ic  ac id  and y-( indole-3)  bu ty r ic  ac id  have been  a n ­

nounced by Z i m m e r m a n  et al. (90) to p o s s e s s  growth  regu la t ing  p r o p e r t i e s

Following  the  d iscovery  of I rv in e  (32) that be ta -naph thoxy-ace t ic  ac id  

p o s s e s s e s  act iv ity ,  Z i m m e r m a n  et al. (91) exam ined  a l a r g e  nu m b er  of s u b ­

s t i tu ted  phenoxy and naphthoxy acids ,  many of which w ere  found to be highly 

ac t iv e  Other  types  of compounds  a r e  now known to influence plant growth. 

S t r u c tu re  and Activ ity

Dur ing  the  past  few y e a r s ,  many organ ic  compounds w e re  found 

ac t ive  in r eg u la t in g  the  growth  of p lants ,  and a t tem p ts  w e re  m ade  to c o r r e ­

la te  the  m orphogene t ica l  ac t iv i ty  with the  chem ica l  s t r u c t u r e

Koepfe,  T h im ann  and Went (35) post  ula ted t hat c e r ta in  f e a tu re s  of 

m o le c u la r  s t r u c t u r e  and configura tion a r e  r e q u i r e d  for act iv i ty  T h e s e  f ea tu re s  

b a se d  on the  pea tes t ,  were:  (a) a r in g  sy s tem  nucleus;  (b) a double bond in th is
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ring; (c) a s ide  chain;  (d) a carboxyl ic  group (or a s t r u c t u r e  r e a d i ly  c o n ­

v e r t e d  to a carboxyl group) on th is  side chain;  at leas t  one ca rbon  a tom 

was  r e m o v e d  f rom  th i s  r ing,  and (e) a p a r t i c u l a r  spat ia l  re la t ionsh ip  b e ­

tw een  the  r in g  sy s te m  and carboxyl group

As m o r e  compounds b ecam e  known, t h e se  five r e q u i r e m e n t s  a p ­

p e a r e d  to fall short  Some compounds w e r e  found to meet the  r e q u i r e ­

m en ts ,  a l though they  w e re  inactive- while o th e r s  did not meet  t h e i r  r e ­

q u i r e m e n t s  even though they  w e re  act ive.  T h e s e  developm ents  have been 

r ev iew ed  in a n u m b er  of p a p e r s  by Audus (8), L i n s e r  (42), N orm an  et al 

(52), and T h im ann  (70)

At tem pts  w e re  then made by V e ld s t r a  (76) to condense  the five 

r e q u i r e m e n t s  into two: (1) a basa l  r in g  sy s te m  with high s u r fa ce  activity;  

and (2) a carboxyl  group in a v e r y  definite spatial  pos i t ion  with r e s p e c t  to 

th e  r in g  sy s te m  T h e s e  r e q u i r e m e n t s  w e re  l a t e r  fo rm u la ted  in g r e a t e r  

de ta i l  by V e ld s t r a  and Booij (78), a s  a basa l  r in g  sy s tem  (non p o la r  par t )  

with high in te r fa c e  act iv i ty  and a carboxy l ic  group (polar part ) ,  in genera l  

a group of acid ic  c h a r a c t e r ,  in a spatia l  pos i t ion  with re spec t  to th is  r ing  

sy s te m  The  c la s s i c a l  exam ple  i l lu s t r a t in g  V e l d s t r a ' s  t h e o ry  of co n f ig u r ­

ation confe r ing  ac tiv ity  of c innamic  acid,  in which the c is  fo rm fulfi l ls  V e l d s t r a ' s  

r e q u i r e m e n t  and is  an auxin, w he rea s  in the  t r a n s  fo rm the side chain  cannot exist 

in any o th e r  p lane  than that of the  r ing  and is not an auxin In ano ther  ins tance .
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t e t r ah y d ro n ap h th y l id en eace t i c  ac id  has  a c is  and t r a n s  fo rm  of which th is  

c i s  fo rm  i s  ac t ive  and t r a n s  fo rm  is  not In th i s  c a s e  the  ac t iv i ty  cannot 

be exp la ined  by V e l d s t r a ' s  scheme,  Th im ann  (70) r e m a r k e d  that  both i s o m e r s  

mus t  ex is t  with the  carboxyl in the  s am e  plane  as  the r in g  It was  fu r th e r  

d i s c u s s e d  by M u ir  et al (47) the  pos it ion  on the  benzene r ing  adjacent to the  

point of a t tachm ent  of the side  chain is  d i rec t ly  involved in the growth r e ­

action.  It m e a n s  if  the  compound is to have activity,  at leas t  one of the  o r tho  

pos i t ions  needs  to be f r ee

Optical  i s o m e r s  can a lso  inf luence auxin activ ity  a s  is  evident in 

2, 4 - d ich lo rophenoxy-a lpha-p rop ion ic  ac id  which ex is t s  in dextro  and levo 

f o r m s  T h im an n  (70) found that  the  dex tro  i s o m e r  is  an act ive  auxin and 

levo is  e s s e n t i a l ly  inact ive  It was a l so  co n f i rm ed  f rom  the  inves t iga t ions  

of Mat ell  (43) and A b e r g  (1) in many c a s e s  w here  levo i s o m e r s  w e re  found 

a s  an t i -aux ins

Some of the im por tan t  works  which a r e  connected  with th is  i n v e s t i ­

gation a r e  d i s c u s s e d  below 

T he Ring System

N o rm an  and W ein traub  (52) exp la ined that most ac t ive  compounds  

p o s s e s s  a benzene  nucleus  o r  fused benzene nucleus having an a p p ro p r ia t e  

s ide  chain  Booij (1 5) c o m p a r in g  n a p h th a l e n e -1 -, indole-3,  indene-3 ,  and 

c o u m a r o n e - 3 - a c e t i c  ac id  e s ta b l i sh e d  that a fused nucleus  has a m a r k e d



5

effect on activ ity  T h e  va lues  for indene and co u m aro n e  w ere  p ra c t i c a l l y  

identical

Substi tu ted  Benzoic Acid

Z i m m e r m a n  et al (91) r e p o r t e d  f i r s t  of al l a mi ld  act iv i ty  for cell  

elongat ion with 2 - b r o m o - 3 - n i t r o b e n z o ic  ac id  and fo rm at ive  effec ts  with 2- 

c h l o r o - 5 - n i t r o -  and 2, 3, 5 - t r i  iodobenzoic ac id  Bentley (13) found 2, 3, 6- 

t r i c h lo r o - b e n z o ic  ac id  to be highly act ive  in s t ra igh t  growth L a te r ,  the  

ac t iv i ty  was  a lso  noticed by T h im ann  (72), V e ld s t r a  (80), and Z i m m e r m a n  

et al. (93) Severa l  o the r  subs t i tu ted  benzoic  ac ids  w e re  inves t iga ted  by 

M uir  and Hansch (48), V e ld s t r a  et al (79), and  Z i m m e r m a n  et al. (93). 

Naphthalene  and R e la ted  Compounds

T h e  in t roduct ion  of a second carboxyl  group in the  s ide chain was 

inves t ig a ted  by V e ld s t r a  et al. (79) T h e y  o b s e r v e d  no effect with (naph­

t h a l e n e - 1-methyl)  malonic  acid,  (nap h th a len e -1-methyl)  b ro m om alon ic  

acid,  and a lp h a - (n ap h th a len e - 2 -met. hyle) succin ic  ac id  in the  pea  tes t

V e ld s t r a  (77) found a high act iv i ty  with 1-naphthoic  acid Its  1, 2, 3, 4 

t e t r a h y d r o  d e r iv a t iv e s  w e re  inves t iga ted  T h e  high ac t iv i ty  was noticed 

Mitsui et al (46) had inves t iga ted  hydrogenated  1-naphthoic acid T he  1 ,4 -  

dihydro and 1, 2, 3, 4 - t e t r a h y d r o  de r iv a t iv e s  were  found to be s t rong ly  

ac t ive

It i s  evident f rom the  above r e s u l t s  that th e s e  compounds  ac ted  

in a m a n n e r  s i m i l a r  to auxin. However,  they dif fered widely in re spec t  to
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t h e i r  spec i f ic  action T h e  ac t iv i ty  v a r i e d  with the  n a tu re  of the  a s s a y  used  in the 

de te rm ina t ion .  T h im ann  (68) has  evidently  shown in his w ork  that  id e n e - 3 -a c e t i c  

a c id  had a v e ry  sm al l  and c u m a r y l - 2 - a c e t i c  ac id  no act iv i ty  in the  Avena C u r v a ­

t u r e  te s t ,  w h e re a s  co n s id e ra b le  activ ity  was shown both in Avena Coleoptile  

s t r a ig h t  growth and pea  test

Methods  and M a te r i a l s

Cucum b e r  Root T e s t

The  cu cu m b e r  root te s t ,  a s  used  by Ready et al (55), and A l a m e r c e r y  

(5) and ex tens ive ly  used  in th is  l abo ra to ry ,  was  found to be a f a i r ly  a c c u ra te  

and r a p id  b ioassay .  T h e r e f o r e ,  th is  s im ple  and rap id  quanti ta t ive  method 

was  deem ed  d e s i r a b le  to d e te r m in e  the effects  upon growth  of a grea t  num ber  

of so lu tions  of chem ica ls .  The  uniform seeds  of cu cu m b er  ( Cucumus sa t ivus  

va r .  M a r k e te r )  w e r e  u sed  for th e se  e x p e r im en t s

T h e  c h em ica l s  w e re  r e c e iv e d  f rom  Upjohn Chem ica l  and E as tm an  

Kodak Companies .  The  s t r u c t u r e s  of som e compounds used  in the  i n v e s t i ­

gation a r e  given in F i g u r e s  1, 2, 3 and 4. The  c h em ica l s  w e re  f ir s t  d i s ­

so lved in ethyl alcohol to fac i l i ta te  th e i r  so lubi l i ty in w a ter

Ten  s eed s  w e re  uniformly  d i s t r ibu ted  upon a p iece  of Whatm an No 1 

f i l t e r  p a p e r  in pe t r i  d ishes  The  fi l te r  p a p e r  was then im p r eg n a te d  with five 

m i l i l i t e r s  of solution of a p r e d e t e r m in e d  concen t ra t ion  of the  compound to
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be te s t ed .  The  c o n cen t ra t io n s  used  w e re  25, 50. 100, 150, and 200 p a r t s

p e r  mil l ion  L a te r ,  the  compounds  which w e re  found act ive  w e re  again

t e s t e d  at 1 and 10 ppm

All p e t r i  d ishes  had been p re v io u s ly  c leaned  by soaking overnight

in ac t iva ted  ch a rco a l  suspension , then r in s in g  and washing with soap, and

then  r i n s in g  again  with tap w a te r  followed by d is t i l led  w a te r

T h r e e  p e t r i  d ishes  w e re  used  for each t r e a tm e n t ,  p rov id ing  t h r e e

r e p l i c a t e s  T he  seeds  w e re  a llowed to g e rm in a te  for four o r  five days

1
under  l a b o r a to r y  conditions  T e n  seed l ings  w e re  s e lec ted  at r andom  from 

each  t r e a tm e n t ,  and the length  of the  p r i m a r y  roo ts  w e re  m e a s u r e d  The  

n u m b er  of b ranch ings  on the  p r i m a r y  root was  a lso  r e c o r d e d  To  c o m p ar e  

each  t r e a t m e n t  sepa ra te ly ,  all data w e re  s ta t i s t i c a l ly  analyzed, and the 

s ign if icance  of d i f f e rences  between a v e r a g e s  of two t r e a t m e n t s  was s t a t i s ­

t i c a l ly  c o m p a r e d  by the " T ”" te s t  (60)

In a r e s e a r c h  la b o ra to ry  at the  Depar tment  of H o r t icu l tu re  of 
Michigan Sta te  Univers ity ,  East  Lansing, Michigan, July to D e c e m b e r  1955 
T he  t e m p e r a t u r e s  ranged  between 70° and 85° F The  a l te rnat  ing photo and 
d a rk  p e r io d  v a r i e d  with the season
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F igure  No. 1

COOH OH

COOH COOH

1-Naphthoic ac id 2 -Naphthoic  ac id 1 - H y d r o x y - 2 -n ap h th o ic  
a c i d

COOH

OH

3 - Hydroxy - 2 - naphthoic 
ac id

OH

s  COOH COOH

I - Hydroxy-2  - naphthoic 6 - Hydroxy - 2 - naphthoic 
ac id  ac id

COOH

HO

COOH

HO

COOH
I

OH

7 - H y d ro x y -1-naphthoic  
ac id

6 - H y d ro x y -1 -naphthoic 5 -Hydroxy - 1 - naphthoic 
ac id  ac id

OH OH

COOH OH

d l

1 -H y d ro x y -4 -ch lo ro  
2 - Naphthoic ac id

1 -Naphthol 2-Naphthol
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F igure  No 2

OH OH
S03Na

1-H y d ro x y - 2 -naphtha lene  2, 4 - D i c h l o r o - 1 - 
sulfonic  a c id  (Sodium naphthol
salt)

HOOC

OH

COOH

6 - Quinolinecarboxyl ic  
ac id

S03Na S03Na

7 - Chloro - 4 - hyd roxy- 
3 -quinol inecarboxylic  

acid
OH

CH.

OH OH

4, 5 -D ihydroxy-2, 7-naphth -  1 -H ydroxy-2 - aceton- 
a iene  disulfonic ac id  aphthone
(Di sodium salt)

OH ^/SC^Na

T
6, 6 -D ih y d ro x y -2- 

naphthalene  sulfonic 
ac id  (Sodium salt)

5-Isoquinolinol

Quinaldinic ac id

OH

8-Quinolinol

O

3, 4 -D ih y d r o - 1 -ke to-  
m e thy l -2 -naph thoa tei

O—  c  —  c h 3

1 - 0 - Acetyl naphthoic 
ac id
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Figure  No. 3

O COOH

COOH

OH

OH

COOH

ONa

OH

.OH

OH

CH
-OH

-ONa

O
4, 4 ' -M e th y le n e b i s - 3 - h y -  4, 4 T-M e th y len e b is -3 -h y -  4(2-Hydroxy benzal 

d r o x y - 2 - naphthoic ac id  d roxy -2 -naph tho ic  a c id  amino) sa l icy l ic
(Disodium salt) ac id

COOHHOO(^

H2N /  V  /  \
W  \ _ / -

NH,

4, 4 ' - D ia m in o -3, 3 -d ica rboxy  
biphenyl

OH

HOOC' 'COOH

b is (3 - C a r b o x y - 4 -hydroxy phenyl) m ethane

O

ii

o

o

L o ­ c h .

n —  c!h

2'2

CH

O CH.

O
O

2, 5-Diphtha l imido dimethyl adipate
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F igure  No. 4

COOH COOH OH

OH

Benzoic ac id Salicyl ic  ac id Phenol

COOH

OH

Cl JSh

COOH

COOH

OH

CH3

5 - C h lo ro sa l icy l i c  2 -P icol in ic  ac id  2 - Hydroxy - 3 - methyl -
ac id  benzoic  ac id
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Result  s

Significant d i f f e rences  in root growth was  o b s e r v e d  with v a r ious  

chem ica l  t r e a t m e n t s

C ucum ber  ro o ts  m ade  sign if icantly  g r e a t e r  growth without in ju ry  

in so lu tions  of 25 ppm of each of the  following: 1 -hydroxy-2-naphtho ic  acid,

3 -h yd roxy-2 -naph tho ic  acid,  4, 4 T-m e th y len eb is -3 -h y d ro x y -2 -n ap h th o ic  

a c id  (d isodium salt)  than in contro l  (Table 1). However,  4, 4 ’ - methy leneb is  - 

3 - h y d r o x y - 2 -naphthoic  ac id  was  found m o r e  effect ive on root elongation at 

50 ppm N aphtha leneace t ic  ac id  used  as  a s t an d a rd  growth re g u la to r  had 

m a rk e d ly  inhib ited  the  p r i m a r y  roots ,  though it s ignificant ly  in c r e a s e d  the 

n u m b e r  of root h a i r s

S im i la r  r e s u l t s  w e re  obtained when the compounds w e re  r e t e s t e d  

unde r  constant t e m p e r a t u r e  condit ions at 80° F, with the exception of 3-hydroxy-

2 - naphthoic acid.  T he  m ax im u m  growth for th is  compound was ob ta ined at a 

concen t ra t ion  of 50 ppm (Table  1)

When th e s e  m a t e r i a l s  w e re  t e s t e d  at a t e m p e r a t u r e  of 90° F, in h i ­

bition in act iv i ty  of cucum ber  roo ts  o c c u r r e d  with all t r e a t m e n t s  No s ig n i ­

ficant d i f f e ren ces  in root growth between t r e a t m e n t s  w e re  reco rd ed ,  al though 

slight d i f f e ren ces  w e re  found ove r  the contro l  (Table 2)

As a result  of t hese  test  s, two compounds (1-naphthoic acid  and

6 - quino l inecarboxyl ic  acid) w e re  d i s co v e re d  that c lose ly  r e s e m b le d  the
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ac t iv i ty  of n ap h th a len e -ace t ic  ac id  (Tables  3, 4 and 7, and F ig u r e s  5 and 10) 

Root e longat ion was s ignif icantly  inhibited, even at 1 ppm and an i n c r e a s e d  

n u m b e r  of root h a i r s  w e re  noticed  on the  p r i m a r y  roo ts  T h i s  is  an effect 

which i s  quite s i m i l a r  to the  r e s p o n se  of naph tha leneace t ic  ac id  on c u cu m b e r  

root growth  Other  compounds,  2-naphthol  and 8-quinol inol at 25 ppm and 

1-naphthol and 1-h y d ro x y -2 -naphtha lene  sulfonic ac id  (sodium salt) at 50 ppm 

w e re  found to s ignif icantly  s t im u la te  root elongat ion (Table  3) Many c o m ­

pounds had no significant effect  (Table  3)

T o  c o m p a r e  the  act iv i ty  of 4, 4 ’ -m e th y le n e b is -3 -h y d ro x y -2 -n ap h th o ic  

a c id  with o the r  r e l a t e d  compounds,  two e x p e r im en t s  w e re  conducted and the  

r e s u l t s  a r e  p r e s e n t e d  in T ab le  4 Many of th e se  r e l a t e d  m a t e r i a l s  had p r o ­

nounced biological  activity,  quinaldinic ac id  s ignificant ly  inhibited root growth 

at 25 ppm concentra t ion ,  but the  root h a i r s  w e re  a lso  inhibited (F igu re  6)

Root growth  was  a l so  s ignif icantly  r e t a r d e d  at 25 ppm of 2-naphthoic  ac id  

Significant i n c r e a s e d  root elongat ion was o b s e r v ed  with t r e a tm e n t  by 4 -c h lo r o -  

1-h y d ro x y -2 -naphthoic  ac id  at 25 ppm (F igu re  8). The  r e m a in d e r  of the  c o m ­

pounds under  th is  t e s t  had no significant effect on the c u cu m b er  root growth 

(Table  4).

Since the  in troduction  of an hydroxyl group on the fused nuc leus  

compound had modif ied  the  activity,  it was  thought d e s i r a b le  to te s t  single 

r in g  compounds  with hydroxyl g roups  o r  ac id  groups,  o r  both, on the  r in g
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to c o r r e l a t e  the  activity.  Single r in g  h e te ro cy c l ic  compounds w e re  a lso  

t e s t e d  G rowth  of c u cu m b e r  roo ts  was  m a r k e d ly  r e t a r d e d  in solu tions  of 

25 ppm of 2 -p ico l in ic  ac id  and 5 -c h lo ro s a l i c y l i c  ac id  (Table  5) An i n ­

t e r e s t i n g  r e s p o n s e  was not iced  with 2 -p ico l in ic  ac id  (F igu re  11), the n u m ­

b e r  of b ran ch in g s  on the  p r i m a r y  root d e c r e a s e d  m a rk e d ly  by i n c r e a s e d  

concen t ra t io n s ;  a l so  an in t e r e s t i n g  r e s p o n s e  of 2 - hydroxy-3 -m e thy lbenzo ic  

ac id  was  reco rd ed ,  the  p r i m a r y  roo ts  w e re  unusual ly  thin (F ig u re  12). 

Phenol t r e a t m e n t s  had  no significant effect , however,  sa l i cy l ic  ac id  

m a r k e d ly  r e t a r d e d  root growth at 10 ppm and at i n c r e a s in g  concen tra t ions .  

Benzoic a c id  i n c r e a s e d  root growth  at 1 ppm, but r e t a r d e d  at h igher  co n ­

cen t r a t io n s .  T he  hydroxyl group does not have an effect un le ss  the  ac id  

group is  p re s e n t ,  and it appa ren t ly  modif ies  the  ac tiv ity  of the  ac id  group 

T h e  compounds showing the  g re a te s t  act iv i ty  on c u cu m b e r  root 

w e r e  r e t e s t e d  at 1 and 10 ppm to d e te r m in e  th e i r  ac tiv ity  in e x t r e m e  d i lu ­

t ions  (Table  7) 6 -qu ino lenecarboxy l ic  ac id  and 1 -naphthoic  ac id  r e t a r d e d  

root growth  s ignif icantly  at 1 ppm, w h e rea s  2-p icol in ic  ac id  and quinaldinic 

ac id  w e re  found to inhibit g rowth  at 10 ppm Significant s t imula t ion  on 

root  elongat ion was  o b s e r v e d  at 10 ppm with compounds 2, 4 - d i c h l o r o - l  - 

naphthoi, 3 -h y d r o x y -2 -naphthoic  acid,  and 1-hydroxy-2-naph tho ic  ac id  

An exper im en t  was  des igned  to d e te rm in e  whether  o r  not root 

s t im u la t ion  with 4, 4f -m e th y len eb is -3 -h y d ro x y -2 -n ap h th o ic  ac id  could be
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fu r th e r  enhanced  by s im u l tan eo u s  application of a n i t rogen  f e r t i l i z e r  

(Table  9) It i s  evident that  u r e a  and KH^PO^ had no significant addi t ive 

effect  on root elongation.

In o r d e r  to explain why c e r t a in  seem ing ly  u n re la t ed  compounds 

s t im u la te d  root growth, it was  sugges ted  (L eep e r  40) a f te r  study of the  

ch em ica l  s t r u c t u r e  involved, that t h e se  compounds  might fo rm  a c o m ­

plex  ion with c e r t a in  c h em ica l s  and hence act a s  che la t ing  agen ts  The  

m e ta l  che la te  compound might r em o v e  e x c e s s  quanti t ies  of c e r t a in  c h e m ­

ic a l s  f rom  the  ro o ts  and thus  p e rm i t  elongation.

In o r d e r  to te s t  th is  theory ,  s e v e r a l  che la t ing  m a t e r i a l s  w e re  

inves t iga ted  It was  found that s e v e ra l  compounds showed bio logical  

ac t iv i ty  R esorc ino l ,  benzo tr iazo l ,  2, 2T-biquinoline,  die thyldi th io- 

c a r b a m i c  acid,  2, 4 -d ihydroxy-ace tophenone  and m e r c a r p to a c e t i c  ac id  

at a concen t ra t ion  of 25 ppm w e re  active  in s t im u la t ing  root growth.

T h i s  was  highly significant I -am ino-4-hydroxyan th raqu inone ,  furi l  

d ioxime and th iazo le  yellow a lso  i n c r e a s e d  root growth; this ,  however,  

was  significant only at the  L S. D. 5% level  (Tables  10 and 11) A r e ­

t a r d in g  effect  on root elongat ion was r e c o r d e d  when the compounds  p h e n y l - 

glyoxal a ldoxime,  and 2, 2, 4, 4, 6, 6 -hexan i t rod ipheny lam ine  w e re  used  

(Tab les  12 and 13)
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Figure 5. Marketer cucumber seedlings grown in solutions of 25, 50,
and 200 ppm of 1-naphthoic acid for four days.
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Figure 6. Marketer cucumber seedlings grown in solutions of 25, 50, 100 and
200 ppm of quinaldinic acid for four days.
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Figure 7. Marketer cucumber seedlings grown in solutions of 25, 50, 100 and 200 ppm of
2-naphthoic acid and 100 ppm of 4, 4 , -m ethylenebis-3-hydroxy-2-naphthoic acid for four days.
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Figure 8. Marketer cucumber seedlings grown in solutions of 25, 50, 100 and
200 ppm of 4 - chlor o -1 - hydroxy- 2 - naphthoic acid and 100 ppm of 4, 4 ’- methyl enebis-
3 -hydroxy-2 -naphthoic acid for four days.
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Figure 9. M arketer cucumber seedlings grown in 50 ppm solutions of 4-ch loro-
1 - h y d r o x y -2 -naphthoic acid and 100 ppm of 4, 4*-m ethylenebis-3 -hydroxy-2 -naphthoic
acid  for four days.
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Figure 10. M arketer cucumber seedlings grown in solutions of 1, 10, 25, 50,
100 and 200 ppm  of 6-quinolinecarboxylic acid for four days.
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Figure 11. Marketer cucumber seedlings grown in solutions of 1, 10, 25, 50,
100 and 200 ppm of 2-p icolin ic acid for four days.
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Figure 12. M arketer cucumber seedlings grown in solutions of 1, 10, 25, 50,
100 and 200 ppm of 2-hydroxy-3-m ethylenebenzoic acid for four days.
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D iscu ss io n

T h e  com pounds r e p o r te d  in T a b le s  1 to 9 a r e  a ro m a t ic  o rgan ic  

c h e m ic a ls  con ta in ing  an hydroxy group, o r  an ac id  group, o r  both Also 

m odif ica tion  in s t r u c tu r e  involving o th e r  su b s t i tu en ts  and h e te ro cy c lic  

n i tro g en  w e re  included

In view  of the  g en e ra l  root inhibition en co u n te red  at 200 ppm with 

a lm o s t  a ll  com pounds, it w as  be lieved  that th is  was the  upper lim it for 

c o r r e c t ly  ev a lua ting  b io logical ac tiv ity . T he  e ffec t iv en ess  of a compound 

in inh ib iting  root grow th of cu cu m b er  w as d e te rm in e d  by i t s  action  at c o n ­

c e n t r a t io n s  of betw een 1 and 100 ppm. It w as found that m any of the naph ­

tho ic  a c id  com pounds p ro d u ced  g e n e ra l  root inhibition, som e at c o n c e n t ra ­

t io n s  a s  low a s  1 ppm . T h e  inhib iting  ac tiv ity  a p p ea re d  to be c o r r e la t e d  

w ith the  po s i t io n  of the  carboxy l group on the  r in g  s t ru c tu re  It was m o re  

ac tive  when in the  one pos it ion  than in the  two position.

T h e  ac tiv ity  of naphthoic ac id  w as g re a t ly  m odified  by th e  i n t r o ­

duction of an hydroxyl group on the r in g  s t ru c tu re  T h is  tended  to  p roduce  

root s t im u la t io n  in s te ad  of root inhibition T he  ac tiv ity  was thus  r e v e r s e d  

by in tro d u c tio n  of an hydroxyl group When th is  hydroxyl group was in the 

one, and th r e e  pos i t io n s ,  the  g re a te s t  root s t im u la tion  o c c u r re d

T h e  in troduction  of ch lo r in e  into the  hydroxyl naphthoic s t ru c tu re  

did not a p p e a r  to g re a t ly  modify the  action  of the  compound in co n cen tra t io n s  

be tw een 1 and 100 ppm
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If the  fused  r in g  nuc leus  con ta ins  only hydroxyl group and no 

c a rb o x y l group, g e n e ra l  root s t im u la t io n  o c c u rs .  T hus , it ap p ea rs ,  when 

a naph tha lene  r in g  con ta in s  an hydroxyl ra d ic a l  the  com pound is  l ike ly  to 

have a s t im u la t in g  effect upon c u cu m b er  root growth.

It should  be m en tioned  that n ap h tha leneace tic  ac id  is  an im portant 

g row th  r e g u la to r  and is  v e ry  effec tive  in inh ib iting  root grow th of cucum ber 

at low c o n ce n tra t io n s  1-naphthoic  a c id  i s  s im i la r  in s t ru c tu re  to  naphthalene- 

a c e t ic  acid, except tha t it has only a carboxy l group w h e rea s  in naph thaleneace tic  

a c id  the  carboxy l group is  a tta ch ed  th rough  m ethy lene  on the  r in g  nucleus

It is  a lso  of in te re s t  to note that i f  the  b as ic  r in g  s t ru c tu re  is  changed 

by su b s t i tu t in g  a n i tro g en  fo r  ca rb o n  in the  r in g  s t ru c tu re ,  it p ro d u ces  a  h e te r o ­

cyc lic  n i tro g en  com pound with ac tiv ity  s im i la r  to  n ap h tha leneace tic  ac id  If, 

on the  o th e r  hand, an hydroxyl group is  added  to the  h e te ro cy c le  n itro g en  c o m ­

pound, then  the  ac t iv i ty  is  r e v e r s e d ,

Roots a r e  g e n e ra l ly  inh ib ited  in th e i r  growth by adding auxin, although 

s o m e t im e s  v e ry  low c o n cen tra t io n s  m ay  sligh tly  in c re a s e  root growth. B u rs tro m  

(17) has  su g g es ted  two h is to log ica lly  d ifferen t re a c t io n s  which a r e  involved in 

the  r e s p o n se  of ro o ts  app lied  with auxin F i r s t ,  is  the  t im e  in te rv a l  between 

ce l l  d iv is ion  in the  m e r i s te m  and second, is  in itia tion  of ce ll  elongation 

B u rs tro m  (17) advoca ted  that th is  in te rv a l  m ay  be sh o r ten ed  by low c o n c e n t ra ­

tion  of auxin. T h e  second sen s i t iv e  p h a se  in root growth is  the  r a te  of cell
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elongation, which is  d e c r e a s e d  by the  addition of auxin In his l a te r  p a p e r  

B u rs t ro m  (18) exp la ined  how re s p o n s e s  of e x te rn a l ly  added auxin and r e ­

la te d  com pounds can be d is tingu ished : - (1) by pos it iv e  action  on the  f i r s t  

p a r t  of c e l l  e longation  p r o c e s s ,  (2) an inhib iting  action  in cell  elongation 

p r o c e s s ,  (3) an a n t i -a u x in  action  e x e r te d  by c e r ta in  compounds, and 

(4) u n sp ec if ic  tox ic  action  of both auxins and an ti-aux ins .

On the  b a s is  of the  above hypothesis, two v e ry  p ro m is in g  c o m ­

pounds w e re  s tu d ied  in th is  in v es t iga tion  T hey  w e re  1 - naphthoic acid  and 

6 -q u in o l in eca rb o x y lic  a c id  (F ig u re s  5 and 10) T h e s e  com pounds had inhib ited  

roo t grow th  in a v e ry  c h a r a c te r i s t i c  m an n er  which ap p ea re d  to  be iden tica l 

to tha t induced  by auxin. O ther com pounds found to inhibit root growth 

s ig n if ican tly  w e re  2 - naphthoic acid, 6 - h y d ro x y -2 -naphthoic acid, quinaldinic 

acid , p ico lin ic  acid, 5 -c h lo ro sa l ic y l ic  acid, and 1-h y d ro x y -2 -acetonaphthone.

B u rs t ro m  (20) o b se rv e d  that an ti-au x in s ,  indole and phenoxy isobu tric  

a c id  d e r iv a t ie s  c au se d  an in c r e a s e  of m o re  than  100 p e rcen t  in the  root length 

by in c re a s in g  ce l l  e longation  without changing  cell m ultip l ica tion  In th is  i n ­

vestiga tion , 2 -naph tho ic  ac id  with hydroxy at 1, 3 pos ition  and sub s t i tu ted  c h lo r ­

ine, J -naph tho l, 2-naphthol, 2, 4 - d i c h lo r o - 1-naphthol, 8 - quinolinol and 1 -h y ­

d ro x y -2 -naph tha lene  sulfonic ac id  (sodium  salt), 4, 4 ' -m e th y le n e b is - 3 - h yd roxy- 

2 -naph tho ic  a c id  and i t s  d isodium  salt have in c re a s e d  root growth re m a rk a b ly  

It is ,  th e re fo re ,  sugges ted  f rom  th e i r  behav io r on grow th  that they might have



a n t i-a u x in  p r o p e r t i e s

T h e  com pounds re p o r te d  in T a b le s  10 to 13 a r e  e s s e n t ia l ly  

m e ta l  c h e la t in g  com pounds C e r ta in  of th e se  compounds, l - a m in o - 4 -  

hydroxyan th raqu inone , r e s o rc in o l ,  b en zo tr iazo l  2, 2 ' -biquinoline, 

d ie th y ld i th io ca rb am ic  acid , 2, 4 - d ihydroxyacetophenone. m e rc ap to -  

a ce t ic  acid, and th ia z o le  yellow had s ign if ican tly  in c re a s e d  root growth 

at the  low est c o n ce n tra t io n  under in vest iga tion  It is  p o ss ib le  that th e se  

com pounds act by re m o v in g  c e r ta in  tox ic  su b s tan ces  that m ay be p re se n t  

in ro o ts  and th e re b y  en co u rag in g  growth. It i s  a lso  p o s s ib le  that th e se  

m a te r i a l s  a r e  ac t in g  a s  a n t i -au x in s

M a r te l l  et al. (44) advoca ted  that so m e t im es  che la ting  agents  

m ay  c au se  death  of o rg a n is m s  by inhib iting  a m e ta l-e n zy m e  function, if 

it i s  pow erfu l enough to  com pete  with the  enzym e for the  m eta l  T h is  

m ight exp la in  why c e r ta in  of the  che la t in g  com pounds had inhib ited  root 

g row th



Activity of Organic Compounds on the Absciss ion of Coleus blumei Petioles

Review  of L i te r a tu r e

T he  de tachm ent, o r  a b sc is s io n  of v a r io u s  plant o rg an s  is  a w ell- 

known phenom enon. T h e  s ep a ra t io n  of im m a tu re  f lo ra l p a r ts ,  leaves , foliage 

b ra n c h es ,  and  f ru i t s  of the  plant is  of c o n s id e ra b le  in te re s t  T he regu la tion  

of a b sc is s io n  by c h e m ic a ls  has  now b ecom e an a g r ic u l tu ra l  p ra c t ic e  A 

g re a t  n u m b er  of c h e m ic a ls  have been found to be effective  for r e ta rd in g  p r e ­

h a rv e s t  drop  of o r c h a r d  f ru i ts ,  and inducing  a b sc is s io n  of b lo sso m  th inning  

of heavy  s e t t in g  v a r i e t i e s  T he  v a r io u s  u s e s  of a b sc is s io n  re g u la to rs  have 

been  e x ten s iv e ly  rev iew ed  by T ukey  (73), Audus (9), and T h a rp  (65).

L a ibach  (37) su sp e c ted  tha t auxin p layed  a p a r t  in the  phenom enon 

of o rg a n  a b sc is s io n .  He o b se rv e d  that app lica tion  of o rc h id  po llen ia  r e ta rd e d  

a b s c is s io n  of deb laded  p e tio le s .  In 1936, L aR ue (39) d em o n s tra ted  that a p ­

p lic a t io n  of syn the tic  auxins delayed  le a f  fall in Coleus b lu m e i . He applied  

lanolin  p a s te  con ta in ing  50 ppm  of indo leace tic  ac id  to the t ip s  of debladed 

p e t io le s  of co leus  p lan ts ,  and o b se rv ed  that the  t r e a te d  p e t io le s  s tayed  on 

lo n g e r  than  the  co n tro ls .  T h e s e  r e s u l t s  w e re  rep ea ted ly  co n f irm ed  by 

Addicott and Lynch (2), G a rd n e r  and Cooper (21), M yers  (50), Wet m o re  et_al_ 

(86). Beal and W hiting (12) o b se rv e d  that the  ab sc is s io n  of s te m s  of M irab il is  

ja lap a  could  be inh ib ited  by applying indo leace tic  ac id  in lanolin  to the  cut 

s u r fa c e  of a b ranch .
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A b sc is s io n  a c c e le r a n ts  have been  in v es t ig a ted  (3), and found that, 

in g e n e ra l ,  t h e i r  m e ch a n ism  of ac tion  is  s im i la r .  Many of th e se  m a te r ia l s  

a r e  tox ic  to  the  le av es ,  e i th e r  k illing  o r  in ju r in g  them , thus  a c c e le ra t in g  organ  

a b s c is s io n  without s e r io u s ly  a ffec t ing  o th e r  p a r t s  of the  p lan ts  The known 

a c c e le r a n t s  a r e  c e r ta in  u n sa tu ra te d  h y d rocarbons , an ti-aux ins , enzym e in ­

h ib i to rs ,  defo lian ts , and fru it th in n e rs

C ro c k e r  (19) r e p o r te d  that e thylene  am ong the  u n sa tu ra te d  h y d ro ­

c a rb o n s  is  the  m ost potent a b sc is s io n  a c c e le r a to r  Gawadi and A very  (22) 

r e m a r k e d  that only one d e riva tive , e thylene  ch lo ro h y d rin  is  ac tive  in a c c e l ­

e r a t in g  a b sc is s io n .

Bonner and Bandurski (14) p o s tu la ted  that an an ti-au x in  which 

c o m p e te s  b io ch em ica lly  with auxin fo r  a s i te  on an apoenzym e might induce 

a b sc is s io n .  W eintraub_et ak (84), W hiting and M u rra y  (87) found that 2, 3, 5- 

t r i io d o b en zo ic  ac id  and o th e r  halogen su b s t i tu ted  benzoic  ac id s  applied  to the  

ap ica l  bud of a bean  seed lin g  induced a b sc is s io n  of the  la te r a l  buds It was 

fu r th e r  r e p o r te d  by W ein traub  et^al_ (84) that a b sc is s io n  w as p re v e n ted  by 

s im u ltan eo u s  app lica tion  of indo leace tic  ac id  and 2, 3, 5 - tr i iodobenzo ic  ac id  

Hall (24) in cotton p e tio le  a b sc is s io n  s tud ies , noticed  that t r a n s -c in n a m ic  

ac id  a c c e le r a te d  a b sc is s io n ,  and th is  a c c e le ra t io n  was red u ced  by s im u l ­

ta n eo u s  app lica tion  of indo leace tic  acid  Severa l m a le im id es ,  which a c c e l ­

e r a t e  the  a b sc is s io n  of peach  leaves , have been re p o r te d  by van O verbeek  

et ak  (75)



T h e  phys io log ica l  m ech a n ism  of ac tion  on a b sc is s io n  is  not c le a r ly  

unders tood , how ever, m any  th e o r ie s  have been  p o s tu la ted  Only two th e o r ie s  

the  h o rm one  e thy lene  ba lance  th e o ry  of Gawadi jst al_ (22), and the auxin g rad  

ient th e o ry  of Addicott et al. (4) have been  sup p o rted  co m p reh en s iv e ly

T he  h o rm o n e  e thy lene  ba lance  th e o ry  p ro p o s e s  that le a f  ab sc is s io n  

is  r e g u la te d  by th e  ba lance  of horm one  and e thylene  in the  le a f  It was p r o ­

p o sed  by G a wadi et al. (22) and sup p o rted  by Hall (24) Gawadi et al (22) 

r e m a r k e d  tha t  le a f  auxin  d im in ished  with m a tu r i ty  and a s s u m e d  that ethylene 

was p ro d u c e d  in le av e s  and s e rv e d  to a c c e le r a te  th e i r  a b sc is s io n . He c o n ­

c luded  tha t the  in te ra c t io n  of the  opposing  fa c to rs ,  auxin and ethylene  r e g u ­

la te  a b sc is s io n  Hall (24) w orking  with debladed  pe tio le s  of co leus  and cotton 

found tha t auxin p re v e n te d  the  a c c e le ra t io n  of a b sc is s io n  by e thylene and 

e thy lene  ch lo rohydrin .

Many of the  re c en t  advances  in a b sc is s io n  physio logy shows that 

auxin  has  a dom inant ro le  in c o n tro l l in g  the  in te rv a ls  of le a f  a b sc is s io n  

(W etm ore  jjt a k , 86), S ho ji_e tak  (57) suggested , by m e a su r in g  the  auxin 

c o n ce n tra t io n  d is ta l  and p ro x im a l  to the  a b sc is s io n  zone, that auxin gradient 

a c r o s s  a zone was m o re  im p o r tan t  in the  regu la tion  of a b sc is s io n  than the  

auxin co n cen tra t io n  in the  a b sc is in g  organ. C onsidering  all av a ilab le  in ­

fo rm ation , Addicott et ak (4) p ro p o se d  a th e o ry  of auxin g rad ien t T hey 

r e m a r k e d  that r a t e  of a b sc is s io n  is  reg u la ted  by the  auxin gradient a c r o s s
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th e  a b s c is s io n  zone, a b sc is s io n  does not o ccu r  when the  gradient is steep, 

tha t is ,  high on the  d is ta l  s ide  and low on the  p ro x im a l  s ide of the  a b s c i s ­

sion l a y e r  If the  auxin is  high on the p ro x im a l s ide  and low on the  d is ta l 

s ide, a b sc is s io n  would o c cu r  T h is  th e o ry  was supported  by the  in v e s t i ­

g a tions  of R o s s e t te r  j?t ah  (56), Jacobs (34) T hey  found that the  a c c e l e r ­

a tion  of n e ighboring  young le av e s  on the  a b sc is s io n  of debladed pe tio le s  

i s  a t t r ib u te d  to th e  auxin p ro d u ced  in the  leaves .

Since m any  of the  o rg an ic  com pounds, which w e re  used  in the  

c u cu m b e r  root te s t ,  had s t im u la te d  root growth, it w as  thought d e s i r a ­

ble  to  te s t  t h e i r  r e la t iv e  r e s p o n se  on a b sc is s io n  to fu r th e r  d e te rm in e  th e i r  

a c tion  a s  a n t i -a u x in s  Hence, a s e r i e s  of e x p e r im en ts  w e re  in i t ia ted  to 

d e te rm in e  th e i r  effect on C oleus b lum ei p e tio le  ab sc is s io n .



45

M ethods and M a te r ia ls

C oleus  b lum ei L v a r  C h r is tm a s  G em  was used  throughout 

the  c o u r s e  of in v es t ig a t io n s .  T he  ex p e r im en ta l  p lan ts  w ere  grown from  

cu ttings  which w e re  taken  f rom  clonal m a te r ia l  T he  p lan ts  w e re  grown 

under g reen h o u se  conditions du rin g  the  p e r io d  from  A pril  to Septem ber, 

1955 with t e m p e r a tu r e  f luc tua tions  of 65° to 80° F.

A b sc is s io n  T e s t

Seventy s in g le - s te m m e d  upright p la n ts  w e re  g ra d e d  fo r  s ize  

and  the  le a f  b lad es  w e re  cut off in the  m a n n e r  shown in F ig u re  13b The 

t ip s  of the  p e t io le s  of d ifferen t lo ts  of p lan ts  w e re  then co v e red  with 

lano lin  p a s te  con tain ing  10, 100 and 1000 ppm  of 2, 3, 5 -tr i io d o b en zo ic  

a c id  (TIBA), 4, 4* - m ethyl en eb is -3 -h y d ro x y -2 -n a p h th o ic  acid, 3 -hydroxy- 

2 -naph tho ic  acid , 1-hyd ro x y -2 -n ap h th o ic  acid, and 1-naphthoic  acid  

P u re  lanolin  p a s te  was u sed  a s  con tro l and a lanolin  p a s te  with 100 ppm 

of n ap h th a len eace tic  ac id  (NAA) w as used  a s  a s ta n d a rd  grow th  re g u la to r  

check. C o n cen tra t io n s  of the  com pounds m entioned above w e re  d isso lved  

in a sm a l l  quantity  of ethyl a lcohol be fo re  m ix ing  into w arm  lanolin.

E v e ry  p re c a u t io n  w as taken  to  apply the  lanolin  p a s te  un ifo rm ly  on the  

t ip s  F ive  p lan ts  w e re  used  for each  t re a tm e n t .  T he  num ber of pe t io le s  

which did a b s c i s s  with slight p r e s s u r e  w ere  r e c o rd e d  a f te r  e v e ry  twelve 

h o u rs  T h e  p e rc e n ta g e  drop of p e t io le s  w as d e te rm in ed  for each  t r e a t ­

ment (Table  14)



(a) Normal coleus branch

(b) Branch with debladed pe t io le s

F i g u r e  13. Method of p r e p a r a t io n  of co leus  p lan ts
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Sim ul taneous  Applicat ion of Naphtha leneace t ic  Acid (NAA) and Organic  Compounds 

Auxin usua l ly  de lays  the  a b sc i s s io n  of coleus  pe t io les  (G ardner  et al 21) 

and  it is  a l so  evident  f ro m  our  p re v io u s  a b sc i s s io n  t e s t  exper im en t  that naphthalene- 

ace t ic  a c id  (NAA) has  effect ively  de layed the d rops  of pe t io le s  T h e re fo re ,  a 

s e r i e s  of e x p e r im e n t s  w e r e  in i t ia ted  to inves t iga te  whether  the  compounds 

which w e r e  found effect ive  in enhancing the  a b sc i s s io n  in the  p rev io u s  test ,  

might  have som e  in t e ra c t in g  effect on the t r a n s lo ca t io n  and  act ion of naphth ­

a l e n e a c e t i c  acid.  T h e  following p r o c e d u r e s  w e re  adopted for the  invest iga t ions:  

Mixed application: T r e a tm e n t  u sed  for the  s im ul taneous  a p p l ic a ­

t ion  of a b s c i s s io n  compounds a r e  as  follows:

1 N aphthaleneace t ic  ac id  100 ppm

2, N aphthaleneace t ic  ac id  100 ppm + 4, 4 ' - m e th y le n e b i s - 3 - hydroxy-

2-naphthoic  ac id  10 ppm

3 Naphthaleneace t ic  ac id  100 ppm  + 3 - hyd roxy-2 -naphthoic  ac id

100 ppm

4 N aphthaleneace t ic  a c id  100 ppm + 1-h y d r o x y -2 -naphthoic  ac id

1000 ppm

5 N aphthaleneace t ic  ac id  100 ppm + 2, 3, 5- t r i iodobenzoic  acid

1000 ppm

6 2, 3, 5 - t r i iodobenzo ic  ac id  1000 ppm.

7 2, 3, 5 - t r i iodobenzo ic  ac id  1000 ppm + 4, 4 f - m e th y le n eb i s - 3-hy-

droxy-2- naphthoic acid 10 ppm
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8 2, 3, 5 - t r i iodobenzo ic  ac id  1000 ppm + 3 -hydroxy-2 -  

naphthoic  ac id  LOO ppm

9 2, 3, 5 - t r i iodobenzo ic  ac id  1000 ppm + 1- h y d r o x y l -  

naphthoic  ac id  1000 ppm

10 Lanolin  only (check)

T h e  above t r e a t m e n t s  w e re  mixed  in lanolin and w e re  applied 

on deb laded  p e t io le s  R e c o r d s  w e re  taken  a f te r  e v e r y  twelve hours  and 

the  p e r c e n t a g e  r a t e  of pe t io le  d rops  was  u sed  a s  an index for inhibit ion o r  

a c c e l e r a t i o n  of a b sc i s s io n  (Table  15)

Middle applicat ion: (F igu re  14a) A lanolin p a s te  containing 

naph tha leneace t ic  a c id  100 ppm was p la ce d  on the  t ips  of the debladed 

p e t io le s  and  a r in g  of lanolin  p a s t e s  conta ining 10 ppm of 4, 4 ■’ -m ethy lene-  

b i s - 3 - h y d ro x y -2 -naphthoic  acid;  100 ppm of 3 - h y d ro x y -2 -naphthoic  acid;

1000 ppm  of 1 - h y d r o x y -2 - naphthoic acid;  and 1000 ppm of 2, 3, 5 - t r i iodo -  

benzoic  ac id  appl ied  a round  the  p e t io le s  be tween the a b sc i s s io n  zone and 

the  t ip s  as  shown in F ig u r e  Nja A r in g  of pla in  lanolin was applied to the 

o the r  group of p lan ts  which s e r v e d  as  contro l .  T h r e e  p lan ts  w e re  used  

in each  t r e a tm e n t  T h e  r a t e  of a b sc i s s io n  was the  c r i t e r i a  used to d e t e r ­

m ine  the  effect  if  the  m a t e r i a l s  a r e  modifying the  action of naphthaleneace tic  

ac id

Spira l  application: (F igu re  14b) In th is  exper iment  the  method 

of designat ing leaf  n u m b e r s  is  the  s am e  a s  used  by Jacobs (33) Wet m o re  et al



(a) Middle application  of o rgan ic  
compounds  applied  at ind ica ted  
spots,  naph thaleneace t ic  ac id  
in lanolin  p a s te  applied  at  t ips .

(b) Stippled  debladed  p e t io le s  t r e a t e d  
with n aph tha leneace t ic  acid;  non­
s t ipp led  t r e a t e d  with o rgan ic  c o m ­
pounds  in lanolin.

F i g u r e  14. M ethods  of t r e a tm e n t  of co leus  p lan ts



(86) ha s  a lso  u sed  a sp i ra l  a r r a n g e m e n t  of deblading leaves  in th e i r  a b s c i s ­

s ion s tu d ie s  T h e  debladed  p e t io le s  w e re  t r e a t e d  sp i ra l ly ,  a s  shown in 

F i g u r e  14b T h e  p u rp o s e  of th is  invest iga tion  was to d e te r m in e  the poss ib le  

in te ra c t io n  of naph tha leneace t ic  ac id  and a b s c i s s io n  a c c e l e r a t o r s  when a p ­

p l ied  at a d if ferent locat ion on the  plant F o r  example,  the  debladed petio le  

on the  plant w e r e  t r e a t e d  in such  a m a n n e r  that pe t io le  t ip which was  t r e a t e d  

with 100 ppm of naph tha leneace t ic  ac id  had a pe t io le  t r e a t e d  with 10 ppm of 

4, 4 , -m e th y len eb is -3 -h y d ro x y ~ 2 -n ap h th o ic  ac id  just  above o r  below and oppo 

i te  it T h e  o th e r  chem ica l s ,  100 ppm of 3 -h y d r o x y -2 -naphthoic  acid, 1000 

ppm  of 1 -hydroxy-2 -naph tho ic  acid, and 1000 ppm of 2, 3, 5 - t r i iodobenzoic  

a c id  w e r e  t e s t e d  with naphtha leneace t ic  ac id  in a s i m i l a r  m a n n e r  A plain 

lanolin  was  used  a s  control .  T h r e e  p lan ts  w e re  used  fo r  each t r e a tm e n t  

T h e  r a t e  of a b sc i s s io n  was r e c o r d e d  a f t e r  e v e r y  twelve hours ,  and used  as  

a c r i t e r i o n  to d e t e r m in e  the  effect of m a t e r i a l s  in modifying the  action of 

naph tha leneace t ic  acid.

R esu l t s

In a t t em p t in g  to a s c e r t a in  the  act iv i ty  for ab sc i s s io n  re sponse ,  4, 4*- 

m e t h y l e n e b i s - 3 - h y d ro x y -2 -naphthoic  acid,  1-h y d roxy- 2 -naphthoic acid,  and

3 - h y d ro x y -2 -naphthoic  acid  compounds w e re  t e s t e d  (Table 14) A known 

an t i -aux in ,  2, 3, 5 - t r i iodobenzo ic  (TIBA) and naphthaleneace t ic  ac id  (NAA) 

an auxin,  w e re  inc luded a s  s t an d a rd  compounds  in each exper im en t  as  a
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c h ec k  on the  co n s i s te n cy  of r e sponse .  It was o b se rv ed  that 1-h y d r o x y -2- 

naphthoic  a c id  at 1000 ppm had in ju red  the  t i s s u e s  of debladed pe t io le  t ips  

im m e d ia t e ly  following application  T h e  o th e r  compounds used  w e re  not i n ­

ju r io u s  to  the  p lan ts ,  and had a significant  effect on a c c e l e r a t i n g  ab sc i s s io n  

thus  ind ica t ing  that  t h e s e  su b s ta n c es  a r e  ac t ing  a s  an t i -aux ins

E x p lo r a t o r y  t e s t s  w e re  c a r r i e d  out with the  s am e  compounds  to i n ­

v e s t i g a te  t h e i r  s im u l taneous  application (Table  15) When the an t i -auxin  

2, 3, 5 - t r i iodobenzo ic  ac id  was  applied  s im ul taneous ly  with the  above m e n ­

t ioned  compounds,  it was  found that  a cc e le r a t i o n  of a b sc i s s io n  was enhanced, 

thus  ind ica t ing  that  th e s e  m a t e r i a l s  had a sy n e rg i s t i c  effect with 2, 3, 5 - t r i ­

iodobenzoic  ac id  T h e  most effect ive m a te r i a l  in th is  exper iment  was 4, 4'-  

m e t h y l e n e b i s - 3 - h y d ro x y -2 -naphthoic  ac id  followed by 3 -h y d r o x y -2 -naphthoic  

a c id  and 1-h y d r o x y - 2 - naphthoic ac id  It was  a lso  noticed that  1- h y d r o x y l -  

naphthoic  ac id  was  toxic  to the plant t i s s u e s  when applied  with 2, 3, 5 - t r i ­

iodobenzoic  acid,

When naph tha leneace t ic  acid,  an auxin s imul taneous ly  applied  with 

t h e s e  m a t e r i a l s ,  it was  found that the  a c c e l e r a to r s ,  4, 4 T-m e th y len eb is -3 -  

h yd roxy- 2 - naphthoic,  3 -h y d r o x y -2 -naphthoic,  1-h y d r o x y -2 -naphthoic,  2, 3, 5- 

t r i iodobenzo ic  acids ,  red u ced  the  e f fec t iveness  of NAA in p rev en t in g  a b ­

s c is s ion ,  thus  again  indica ting  th e i r  an t i -aux in  p r o p e r t i e s

In ano ther  ex per im en t  the  a b sc i s s io n  a c c e l e r a t o r s  w e re  appl ied at a
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point midway between the  cut s u r fa ce  and the a b sc i s s io n  l a y e r  (Table 16) 

N aph tha leneace t ic  acid, which was appl ied  to the  cut s u r fa ce  might thus 

be l e s s  effec t ive  becau se  of i n t e r f e r e n c e  by an an t i -aux in  and have i t s  

t r a n s lo c a t io n  and  action  modified.  T h i s  was  found to be t r u e  when an 

an t i - au x in  o r  a b s c i s s io n  a c c e l e r a t o r  was  applied  in such a m anner ,  the  

ac t ion  of naph tha leneace t ic  ac id  was reduced

In s t i l l  an o th e r  ex p e r im en t  to d e te r m in e  the  e f fec t iveness  of the 

a n t i - au x in  on modifying the act ion of naphthaleneace t ic  acid,  an e x p e r i ­

ment was in i t ia ted  in which the  an t i -aux in  o r  ab sc i s s io n  a c c e l e r a t o r s  

w e r e  app l ied  u s ing  a s p i r a l  a r r a n g e m e n t  of the  debladed leaves  (Table  16)

It w as  o b s e r v e d  that  the  a b sc i s s io n  a c c e l e r a t o r  under th e se  conditions 

a l so  modif ied  the  act ion of naphthaleneace t ic  ac id  It i s  evident f rom 

the  r e s u l t s  that  th e s e  compounds have an t i -aux in  p r o p e r t i e s  when in v e s t i ­

ga ted  in d if ferent ways

1-naphthoic  ac id  which worked  l ike naphthaleneace t ic  ac id  on cucum ber  

r o o t s  w as  t e s t e d  for i t s  ac t iv i ty  on absc is s ion .  It was found that at 10 ppm 

the  a b s c i s s io n  was  delayed, however  at 1000 ppm it had cons ide rab ly  a c c e l e r ­

a ted  th e  a b s c i s s io n  (Table  17) At a low concen tra t ion  it may be acting  as  

an auxin,  while  at high concen t ra t ion  1000 ppm it m ay  have som e  in ju r ious  

effect  on c e r t a in  t i s s u e s  and has ten  absc iss ion .
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Biological Activity of Organic Compounds on the Rooting of Cuttings

Review of L i t e r a t u r e

T h e  use  of growth  r e g u la to r s  to p r o m o te  roo t ing  in the  plant p r o p a g a ­

tion in d u s t ry  i s  v e r y  re c en t  Before  the d isco v e ry  of auxin, many chem ica l  

com pounds  had been r e p o r t e d  to i n c r e a s e  the roo t ing  of cutt ings,  such as  

p e r m a n g a n a te  by C ur t i s  (20), and ca rbon  monoxide by Z i m m e r m a n  et al (89) 

Van de r  lek  (74) m ad e  ex tens ive  inves t iga t ions  into the  f ac to r s  involved in 

the  roo t ing  of cu t t ings  He r e p o r t e d  that  in cu r ran t ,  popla r,  g rapes ,  and 

willow the  in tens i ty  of root p roduc t ion  was d i rec t ly  c o r r e l a t e d  with the r a te  

of bud development He sugges ted  the  fo rm at ion  of horm one  o r  ho rm ones  

in the  developing buds, and i t s  t ran loca t ion  to the  b a se  of the  cutt ing where  

it in i t i a ted  the  ro o t s  In  1929, Went (85) o b s e r v e d  that non-specif ic ,  heat 

r e s i s t i n g  su b s ta n c e s  could  be e x t r a c te d  f rom  leav es  of bar ley ,  which, when 

app l ied  to  cutt ings ,  p r o m o t e d  the  development of new roo ts  L a te r ,  T h im ann  

and Went (67) d i s c o v e re d  that auxin e x e r t s  a p r i m a r y  contro l  ove r  root f o r ­

mation.  Recently ,  a g rea t  n u m b e r  of c h em ica l s  p r i m a r i l y  dif ferent de r iva -  

t ib e s  and fo rm u la t ion  of a ry lo x y -a lk y l -c a rb o x y l ic  ac id  and a ry l - a lk y -c a rb o x y l i  

a c id s  w e r e  t r i e d  on a l a rg e  v a r i e ty  of different  spec ie s  and under different 

condi t ions  T h e s e  w orks  have been ex tens ive ly  d i s c u s s e d  by Tukey (73), 

T h im an n  and Behnke (69), Audus (9), Leopole  (41), A very  and Johnson (10)
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An u n d e rs tan d in g  of the  m e ch a n i sm  by which growth subs tances  s t i m u ­

la te  the  ro o t in g  of cutt ings  e m e r g e d  v e r y  recen t ly  The  initial step in the  

fo rm a t io n  of r o o t s  i s  the  d i f feren t ia t ion  of m e r i s t e m s  into root p r im o r d i a  

By an a ly s in g  the  dif feren t p a r t s  of cu tt ings  of young bean plants,  whose cur 

s u r f a c e s  w e r e  t r e a t e d  with indo leace t ic  acid, Stuart  (62) and Alexander  (6) 

found c a r b o h y d r a t e s  and  n i t rogenous  food m a t e r i a l s  w e re  t r a n s lo c a t e d  to 

the  t r e a t e d  a r e a  T h e s e  s u b s tan ces  might s t im ula te  the  root p r im o r d ia  

Skoog (58, 59) d e m o n s t r a t e d  that the  type  of d i f ferentia tion that  o c c u r s  in 

the  m e r i  s t e m  is  dependent upon the  p ro p o r t io n  of auxin to o ther  subs tances .  

He p o s tu la ted  that  the  r a t io  of auxin to o the r  plant const i tuents  should be 

high for encou rag ing  root p r im o rd ia .

In a t t em p t in g  to  c o r r e l a t e  chem ica l  s t r u c t u r e  with biological  activity,  

c e r t a in  compounds  w e r e  found whose action c lo se ly  r e s e m b l e d  tha t  of 

n ap h tha leneace t ic  ac id  at leas t  for the  cu cu m b er  root te s t  It was thought 

d e s i r a b l e  to ex tend  the  inves t iga t ions  of th e s e  compounds  on p lan ts  o ther  

t h a n  cu cu m b er ,  and hence an expe r im en t  was  set  up to d e te rm in e  th e i r  

ac t iv i ty  on the  roo t ing  of cutt ings

Methods and M ate r i a l s

Two compounds,  1-naphthoic  and 6-qu inol inecarboxyl ic  ac id s  w e re  

d i s c o v e r e d  which w e re  s i m i l a r  in r e s p o n s e  to naphthaleneacetic  ac id  on 

c u c u m b e r  root growth. T h e s e  w e re  used  to d e te rm in e  th e i r  activ ity  on



the  ro o t in g  of cu tt ings  One hundred  and  s ix ty - f ive  cutt ings of Coleus 

b lumei  L v a r  C h r i s t m a s  G em  w e re  u sed  for the  study The  chem ica ls  

w e r e  f i r s t  d i s so lv e d  in sm a l l  quanti t ies  of ethyl alcohol to fac il i ta te  th e i r  

so lubil i ty  in w a te r  T h e  con cen t ra t io n s  u sed  w e re  1, 10, 50, 100 and 

1000 ppm Fi f teen  cutt ings  w e re  u sed  in each t r e a tm e n t  p laced  in a 

b e a k e r  con ta in ing  50 cc of the  solution and  allowed to soak  for 22 hours  

Af te r  t r e a t m e n t ,  the  cutt ings  w e re  p lan ted  in a g reenhouse  bench.

T h r e e  r e p l i c a t io n s  w e re  u sed  conta ining five cu tt ings  in each  t r e a tm e n t

A fte r  15 days  the  cu tt ings  w e r e  taken  out and g raded  to a subjec tive  

evalua t ion  of n u m b er  of ro o ts  in which the  following s ca le  was employed;

(1) Heavy roo t ing

(2) Good roo t ing

(3) F a i r  roo t ing

(4) Poor  roo t ing

(5) V e ry  poor  roo t ing

R esu l t s

T h e  data ind ica te  tha t  1-naphthoic  ac id  and 6-qu inol inecarboxyl ic  ac id  

has  c o n s id e ra b ly  s t im u la ted  the  root growth on Coleus  cut t ings  in all concen 

t r a t i o n s  (Table  18) T h e  m ax im um  s timula tion  of root growth was a t ta ined  

at 100 ppm  concen t ra t ion  of 1 -naphthoic  ac id  and at 1000 ppm of 6 - quinoline 

ca rboxy l ic  ac id
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TABLE 18

The  P e rcen t  Rooting of Coleus  Cutt ings  F i f teen  Days a f te r  T r e a tm e n t  with 
V ar ious  C o n cen t ra t io n s  of O rgan ic  Compounds.

C on cen t ra t io n s  of O rgan ic  
Compounds

Contro l

1 - Naphthoic ac id  - 1 ppm 

1 -Naphthoic a c id  - 10 ppm 

1 - Naphthoic a c id  - 50 ppm 

1 - Naphthoic a c id  - 100 ppm 

1 - Naphthoic a c id  - 1000 ppm 

6 - Quinol inecarboxyl ic  ac id  - 1 ppm 

6-Q uino l inecarboxy l ic  a c id  - 10 ppm 

6 - Quinol inecarboxyl ic  ac id  - 50 ppm 

6-Q uino l inecarboxy l ic  ac id  - 100 ppm 

6 - Quinol inecarboxyl ic  ac id  - 1000 ppm

A verage  Percen t  of Rooting on Cuttings
_________________ Grades*_______ ________
1 II III IV V

33., 3 46 7

66. 7 33 3

20, 0 60. 0 20. 0

53. 4 46 6

80. 0 20, 0

33. 3 60. 0 6, 7

-- 40. 0 60. 0

13 3 66. 7 20. 0

26. 6 6 0 .0 13.4

46. 6 53. 4

86. 6 13. 7

^Grading r e f e r s  to a subjec t ive  evaluation of n u m b ers  of roo ts  in which the 
following s ca le  was  employed:

I - Heavy roo t ing  
II - Good roo t ing

III - F a i r  roo t ing
IV - Poor  roo t ing
V - V ery  po o r  roo t ing
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G rowth  of T o m a to  Plants  a s  Affected by T ran sp la n t in g  T r e a t m e n t s

with Organic  C h em ica ls

Review of L i t e r a t u r e

V egetable  c r o p s  a r e  often a f fec ted  by a s e v e r e  shock  in t ran sp lan t in g  

a s  ro o ts  a r e  usua l ly  d i s tu rb ed  and exposed. If  the  env ironm enta l  conditions 

a r e  a d v e r s e  du r ing  the  t r a n s p la n t in g  per iod ,  p lan ts  m ay  be p e rm a n en t ly  i n ­

j u r e d  o r  even  kil led T o  m in im ize  th e se  chances ,  the  s t a r t e r  solution (66) 

and  puddling m e thod  (72) have been advoca ted  with all th e i r  advantages  for 

bes t  c ro p  yields.  However,  t h e s e  methods  do not m a rk e d ly  prevent wa ter  

l o s s e s  f r o m  the  plant and the  s t ick ing  of c lay  p a s t e  to the  roo ts  (puddling 

method) can  c au se  s e v e r e  in ju ry  H a m n er  (28) have  dev ised  a simple,

yet inexpens ive  m e thod  of t r a n s p lan t in g  T h i s  method  is  a subst i tu te  for 

th e  puddling method  and it involves  the  dipping of ro o ts  in a m ix tu re  made 

up of f inely  d iv ided p a p e r  pulp and peat m o s s  in suitable  p ropo r t ions .  They  

r e p o r t e d  that  c r a n b e r r y  bean p lan ts  so t r e a t e d  did not suffer  t r a n sp lan t in g  

shock and  subsequent ly  m ade  s u p e r io r  growth, as  c o m p a r ed  to un t rea ted  

p lan t s  O the r  t r i a l s  conducted by H a m n er  and his c o - w o r k e r s  in the g r e e n ­

house  and fie ld s t rong ly  sugges ted  that it is  d e s i r ab le  to in c o rp o ra te  c o m m e r ­

c ia l  f e r t i l i z e r s  and growth  r e g u la to r s  with the p a p e r  pulp and peat mix tu re  

McCall ,  Rai and H am ner  (45) in t h e i r  p r e l i m i n a r y  t r i a l ,  using p a p e r  and 

peat m o s s  with f e r t i l i z e r  a s  a t ra n sp lan t in g  a id  for tomato  plants ,  have
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found that  g r e a t e r  growth  of both tops  and ro o ts  r e s u l t e d  f rom such t r e a t ­

m e n t s

It i s  evident that th is  new method  m ay  have benef ic ia l  effects  in the 

t r a n s p l a n t in g  of  m any  vegetab le  and f lo r icu l tu ra l  c ro p s  which have very  

sen s i t iv e  root s y s te m s .  T h e re fo re ,  ex p e r im en t s  w e re  conducted with 

to m a to  p lan t s  us ing  p a p e r  pulp and peat m o s s  as  a c a r r i e r  for som e p r o m ­

i s in g  o rg an ic  compounds  to d e te rm in e  whe ther  o r  not they showed p r o m i s e  

a s  root p r o m o t e r s .

Methods and M a te r i a l s

T h e  r e s p o n s e  of many c h em ica l s  was found s i m i l a r  to auxins and 

a n t i - a u x in s  on c u c u m b e r  root growth. T h e re fo re ,  it was  thought d e s i r ab le  

to eva lua te  so m e  of the  p r o m i s i n g  compounds in hor t i cu l tu ra l  p r a c t i c e s .

Hence, e x p e r i m e n t s  w e re  in i t ia ted  in field and g reenhouse  in which the  

ro o t s  of the  tom a to  seed l ings  w e re  t r e a t e d  with v a r io u s  ch em ica l s  at the  

t i m e  of t r a n s p l a n t in g

T o m a to  T r a n s p l a n t s  - G reen h o u se  Studies

Two e x p e r im e n t s  involving t r e a t m e n t s  of t r a n s p la n t s  w e re  s imul taneous ly  

s t a r t e d  in the  g reenhouse  with tom ato  seedl ings  Uniform seedlings ,  a p p ro x i ­

m a te ly  seven  c e n t i m e t e r s  in height w e re  se lec ted  for the va r ious  t r e a tm e n t s  

In the  f i r s t  exper im en t ,  the  concen t ra t ions  of 1-naphthoic, 6 -qu ino l ine ­

c a rb o x y l ic  and 1 -hydroxy-2-naph tho ic  ac ids  used  were:  50. 100 and 1000 ppm.



63

F iv e  seed l ings  w e re  used  in each  t r e a tm e n t  p laced  in b e a k e r s  containing 

50 cc  of solution, and  allowed to soak  fo r  16 hours  After t re a tm en t  the  

seed l in g s  w e r e  t r a n s p l a n t e d  in 9-inch pots  conta ining s t e r i l i z e d  soil and 

p l a c e d  on a g reen h o u se  bench and grown under  g reenhouse  condi tions  for 

15 days. T h e  t e m p e r a t u r e  r an g ed  f rom  65° to 70° F at night, and from 

75° to 80° F dur ing  the  day in the  g reenhouse

In o r d e r  to d e te r m in e  the benef ic ia l  e f fec ts  of p a p e r  and peat m o ss  

a s  a m ed ia  for ch em ica l  application,  ano ther  exper im en t  was  set  up in 

the  g reenhouse .  In th is  exper im en t ,  the  s a m e  p ro c e d u re  was adopted a s  

d ev ised  by H a m n er  jet al. (28) Using a W ar ing  Blendor, a m ix tu re  of 1/4  

p a p e r  and 3 /4  peat m o s s  was made, th i s  was  u sed  as  the  s u b s t r a te  for the 

v a r io u s  ch em ica l s .  T r e a t m e n t s  w e re  p r e p a r e d  using 1-naphthoic,  6 -qu ino ­

l inecarboxy l ic ,  and  1 - h y d r o x y -2 -naphthoic  a c id s  at concen t ra t ions  of 50,

100 and 1000 ppm  Tap  w a te r  only was used  a s  check. The  roo ts  of tom ato  

seed l ings  w e re  dipped in the  v a r io u s  s l u r r i e s  so that the  p u lv e r ized  m ix tu re  

would a d h e r e  to the  ro o ts  T h e  seedl ings  w e re  then p lan ted  in 9-inch pots  

conta in ing  s t e r i l i z e d  soil.

F i f teen  days a f t e r  t ransp lan t ing ,  the p lan ts  of both ex p e r im en t s  w e re  

h a r v e s t e d  at the  s a m e  t im e  and th e i r  f r e s h  weights w e re  r e c o r d e d  (Table 19)
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T o m a to  T r a n s p l a n t s  - F ie ld  Studies

Tom ato ,  v a r  Detroit  e a r l y  seedl ings  w e re  r a i s e d  in the greenhouse  

When the  seed l ings  w e r e  eight weeks  old, heal thy and uniform p lan ts  w ere  

s e l e c t e d  and  t r e a t e d  August 6, 1955

T h e  following t r e a t m e n t s  w e re  cons idered ;

(1) P a p e r  pulp + peat  m oss .

(2) P a p e r  pulp + peat m o s s  + 4, 4 r- m e th y le n e b i s - 3 - h y d r o x y l -

naphthoic  ac id  50 ppm.

(3) P a p e r  pulp + peat  m o s s  + 4, 4' - m e th y le n e b i s - 3 - h y d r o x y l -

naphthoic ac id  100 ppm

(4) P a p e r  pulp -f peat  m o s s  + 4, 4 f - m e th y le n e b is -3 -h y d ro x y -2 -

naphthoic ac id  200 ppm 

Essen t i a l ly ,  the  s a m e  p ro c e d u r e  was adopted for p r e p a r i n g  the  m ix ­

t u r e  of p a p e r  pulp and peat m o s s  as  was  advoca ted  by H am ner  et^aL (28) 

One ounce of p a p e r  pulp and t h r e e  ounces  of peat m o s s  w e re  f i r s t  mixed 

by hand T hen  th i s  m ix tu r e  was  p laced  in a W ar ing  Blendor with 500 m i l i -  

l i t e r s  of tap w a te r  T he  W ar in g  Blendor was op e ra ted  for about 15 m inu tes  

until a pulp of th ic k  cons is tency  was obtained In c a s e  of t r e a t m e n t s  2, 3 

and 4, 500 m i l i l i t e r s  of solution of va r io u s  concen t ra t ions  w e re  used in 

p la ce  of w a te r

T h e  ro o ts  of the p lan ts  w e re  dipped in m ix tu re s  so that the  pulp t h o r ­

oughly c o v e r ed  the roots
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T h e  p la n t s  so t r e a t e d  w e r e  p lan ted  in rows  4 feet by 4 feet in the field 

w h e re  th e  t r e a t m e n t s  w e re  a r r a n g e d  in a random  fashion Eight p lan ts  w e re  

set  p e r  plot , and four p lo ts  for each  t r e a tm e n t .  Due to e x t r e m e ly  dry  

w e a th e r  condi tions ,  it was  thought d e s i r ab le  to w a te r  each  t r a n sp lan t ed  plant 

No addit ional w a te r  was  given to the  plant throughout  the  exper im en t  After 

20 days  the  height of each plant in e v e r y  t r e a tm e n t  was  m e a s u r e d  The 

p lan t s  w e r e  h a r v e s t e d  a f t e r  37 days in the  fie ld and f r e s h  weights of vines 

w e r e  r e c o r d e d  (Table  20)

R esu l t s

G re e n h o u s e  Studies

When to m a to  seed l ings  w e re  soaked  in w a te r  solut ions  of the  va r ious  

chemica ls ,  no m a r k e d  s t im ula t ion  of vine growth was o b se rv ed  (Table 19)

On the  c o n t r a ry ,  growth  was  co n s id e rab ly  inhibited with t r e a tm e n t  at 100 ppm 

of all compounds  and all  seed l ings  w e re  kil led at 1000 ppm of 1-naphthoic 

a c id  and  1- h y d r o x y - 2 -naphthoic  acid.  In exper im ent  2, in which chem ica l s  

w e re  app l ied  th rough  the  m ed ia  of p a p e r  and peat m oss ,  significant in c r e a s e  

in vine growth  was  r e c o r d e d  with t r e a tm e n t  at 50 ppm of J - naphthoic acid  

and 6 -qu ino l ineca rboxy l ic  ac id  (Table  19) The  seedlings  w e re  in ju red  with 

1000 ppm of 1-naphthoic  ac id  and 1-h y d r o x y -2 - maphthoic  acid. The  r e s u l t s  

ind ica te  that the  p a p e r  and peat m o ss  m ix tu re  had a buffer ing  action on the  

c h e m i c a l s  and the  toxic  action o b se rv ed  in the f i r s t  experimen* at 100 ppm
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with all  the  c o n ce n t r a t io n s  did not occur .  However,  th is  buffering effect 

w a s  not suffic ient to o v e rc o m e  the  toxic  effect of the  higher concentra t ions

It i s  evident  that  the  m ix tu re  of peat  m oss ,  p a p e r  pulp and growth 

r e g u l a t o r  show p r o m i s e  a s  a c o m m e r c i a l  method for aid ing in t ransp lan t ing  

of to m a to  seed l ings  

F ie ld  Studies

Addition of 50 and 100 ppm of 4, 4 ' -m e th y le n e b i s - 3 -hyd roxy- 2 -naphthoic 

a c id  to  a m ix tu r e  of p a p e r  and peat m o s s  has sign if icantly  in c r e a s e d  length 

of v ines  20 days a f t e r  t r a n sp lan t in g  (Table  20) Also, a f te r  37 days of 

t ran sp lan t in g ,  significant i n c r e a s e  in weight of tops  was r e c o r d e d  with a 

t r e a t m e n t  of 50 ppm of the  chem ica l  in p a p e r  and peat m o s s  (Table 20).

R e s u l t s  ind ica te  that  high concen t ra t ion  of ch em ica l s  damaged  the 

t e n d e r  r o o t s  and consequent ly  re d u c ed  the  w a te r  absorp t ion  capac i ty  of 

the  roo ts
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T h e  T r e a t m e n t  of Seedling P lan ts  with Organic  C hem ica ls  

Review of L i t e r a t u r e

Plant growth  r e g u la to r s  applied  in v e ry  dilute solution to roo ts  or  

shoo ts  is  a b s o r b e d  by the  p lan ts  If su i tab le  concen tra t ions  a r e  used, 

c h a r a c t e r i s t i c  growth  r e s p o n s e s  m ay  o c cu r  Hitchcock and Z i m m e r m a n  

(31) r e p o r t e d  that  synthet ic  plant growth r e g u la to r s  applied as  solutions 

to the  soil of p lan t s  g rowing  in po ts  w e re  a b so rb ed  by the  roots ,  and 

r e s p o n s e s  such  a s  ep inas ty  of l e av e s  and fo rm at ion  o f  roo ts  on the  s t e m  

of the  p lant o c c u r r e d .  P e a r s e  (53) s p ra y ed  young tomato  p lan ts  with a 0. 1 

p e r c e n t  solu tion of pheny lace t ic  ac id  and indolebutyric  ac id  and noted i n ­

c r e a s e d  height of the  p lan t s  G r a c e  (23) r e p o r t e d  that  growth of young 

s eed l ings  of tomato ,  n a s tu r t iu m  and salvia,  w a te red  daily with nutr ient 

solut ion conta in ing  synthet ic  growth  subs tances ,  was  in c r e a s e d  c o n s i d e r ­

ab ly

T h e r e  a re ,  however,  s ev e ra l  r e s u l t s  that  have been advocated in 

which the  synthet ic  compounds  w e re  not able to show th e i r  s ignif icance  on 

the  subsequent growth  T e m p le m a n  (64) c a r r i e d  out pot cu l tu re  e x p e r i ­

m e n t s  in which so lu tions  of indoleace tic  acid, a -naphtha leneace t ic ,  skatole  

and a s c o r b i c  ac id  w e r e  applied to p lan ts  by sp ray ing  the foliage, and by 

w a te r in g  the  sand  No significant r e s u l t s  w e re  found. H am n er  (26) o b ­

s e r v e d  that  adding a lpha-n ap h th a len eace tam id e  to the nutrient solution
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for g row ing  r e d  kidney bean p lan ts  r e s u l t e d  in l e s s  top growth, but in c r e a s e d  

root growth  In l a t e r  p a p e r s  H am n er  (30) r e p o r t e d  that  no p a r t i c u l a r  b e n e ­

fi ts  w e r e  ach ieved  by adding sm a l l  quanti t ies  of phenyleace t ic  ac id  o r  naphth- 

a l e n e a c e t a m id e  to the  p lan ts  grown in po ts  Swartz  (63) r e p o r t e d  a lp h a - 

n ap h tha leneace t ic  acid,  conta ined  in a com ple te  nutr ient solution fa iled to 

s t im u la te  the  growth  of c h rysan them um ,  m a r ig o ld  o r  co sm o s  seedlings  

Z i m m e r m a n  (88) s ta t ed  that  t h e r e  i s  at p r e s e n t  no e s tab l i shed  p ro o f  that 

any of th e  synthet ic  growth  r e g u la to r s  s t im u la te  the  growth of p lants

A s e r i e s  of e x p e r im e n t s  w e re  conducted by t r e a t i n g  dif ferent grow- 

i n g p l a n t s  with  v a r io u s  concen t ra t ions  of o rgan ic  compounds found e f fe c ­

t ive  in r e t a r d i n g  o r  e longat ing  cu cu m b er  ro o ts  to d e te r m in e  if t h e se  new er  

m a t e r i a l s  might  be  effect ive  T h e s e  t r e a tm e n t s ,  a lso  included many 

che la t ing  compounds,  which w e re  found to s t im u la te  c u cu m b er  root growth 

and  it w as  b e l ieved  that  t h e i r  chem ica l  s t r u c tu r e  r e s e m b l e d  that of the  

anti -auxins

Methods and M ate r i a l s

F o l iage  Applicat ion

T o m a to  (var E a r ly  Detro it)  seedlings  grown under  g reenhouse  co n ­

ditions'^ w e re  u sed  a s  e x p e r im en ta l  m a te r i a l  Seedlings,  ap p rox im a te ly  8 cm 

in height w e r e  t r a n s p la n t e d  to 9- inch  pots  f i l led with s t e r i l i z e d  r ich  soil

^The g reenhouse  condi tions w ere  s i m i l a r  to those  used  for the a b s ­
c i s s io n  s tud ies  of coleus.
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T e n  days a f te r  t ra n sp lan t in g ,  th e  seed lin g s  w e re  sp rayed , us ing  a hand 

s p ra y e r ,  with 1000, 5000, and  10, 000 ppm of 1-naphthoic acid, 6-quino- 

le n e c a rb o x y lic  acid , 1-h y d ro x y -2 -naphthoic  ac id  F ive  p lan ts  w ere  

s p ra y e d  u nder  each  t r e a tm e n t .  F if teen  days a f te r  t re a tm e n t ,  the p lan ts  

w e re  h a rv e s te d  T h e  f r e s h  weights of v ines  w e re  r e c o rd e d  (Table  21)

H a m n er  (29) r e p o r te d  that 1, 4 -naphthalened io l is  v e ry  ac tive  in in ­

h ib it ing  c u cu m b e r  ro o ts  even  in m inute  d oses . T h e re fo re ,  it was thought 

d e s i r a b le  to  te s t  the  ac t iv i ty  of inhib iting  grow th of seed ling  o rg an s  of 

s e n s i t iv e  p la n ts  T o m ato  (L y co p e rs icu m  escu len tum  v a r  E a r ly  Detroit) 

and co leu s  (Co leus  b lu m e iL. v a r  C h r is tm a s  Gem), grown in the g r e e n ­

house  w e re  used  fo r  investigation . T he  seed lings  w ere  t r a n s p la n te d  to 

6 - in c h  p o ts  con ta in ing  r ic h  s te r i l i z e d  soil. T o m ato  and co leus  seedlings, 

a p p ro x im a te ly  9 in ch es  and 6 in ch es  in height re sp ec tiv e ly ,  w e re  sp ray ed  

w ith  a hand s p ra y e r ,  u s ing  1000 ppm, 5000 ppm, and 10, 000 ppm  of 1, 4- 

naphthalened io l. Six p la n ts  of tom ato  and four p lan ts  of co leus w ere  sp ra y ed  

u nder  each  t re a tm e n t .  P ic tu re s  of the  seed ling  (F ig u re  15) w e re  taken  10 

days  a f te r  sp ra y in g  and the  p la n ts  w e re  h a rv e s te d  23 days a f te r  t re a tm e n t  

T h e  f r e s h  w eights  o f  tops  w e re  r e c o rd e d  (Table 22)

R esu lts

It i s  evident froki the  data that no m ark ed  d iffe ren ces  in growth o c c u r r e d  

due to d ifferen t t r e a tm e n t s  However, when tom ato  p lan ts  w e re  sp ra y ed  with
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TABLE 21

T h e  A v e rag e  F r e s h  Weight in G ra m s  of T o m ato  P lan ts  F if teen  D ays A fter 
T r e a tm e n t  with V ario u s  C o n cen tra t io n s  of O rgan ic  C hem ica ls .

C o n ce n tra t io n s  of O rgan ic  Compounds * A verage  F r e s h  Weight (gms 
p e r  Plant

C ontro l 17. 2

1 - Naphthoic ac id  - 1000 ppm 22. 8

1 -N aphthoic  a c id  - 5000 ppm 15. 2

1 -N aphthoic a c id  - 10000 ppm 14. 0

6 -Q u in o lin ecarb o x y lic  a c id  - 1000 ppm 19 2

6 -Q u in o lin ecarb o x y lic  a c id  - 5000 ppm 18. 4

6 -Q u in o lin ecarb o x y lic  a c id  - 10000 ppm 12 0

1 -H y d ro x y -2 -n ap h th o ic  a c id  - 1000 ppm 18. 0

1-H y d ro x y -2 -naphtho ic  a c id  - 5000 ppm 10. 4

1 -H y d ro x y -2 -n ap h th o ic  ac id  - 10000 ppm 8. 8

L, S. D. at 5% level 4. 5

L. S D. at 1% level 6, 0

sSe
A v erag e  of five p lan ts .
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TABLE 22

T h e  Effect of V a r io u s  C o n cen tra t io n s  of 1, 4-N aphthalened io l upon the  G row th 
of Seed ling  T o m ato  and C oleus Plants.

C o n ce n tra t io n s   Av e r age F r e sh W eight (gm sj_____
T o m a to ’1'* Coleus***

C ontro l 21. 71 23. 88

1000 ppm 12, 21 17. 38

5000 ppm 8. 04 11. 06

10000 ppm 4. 63 6, 81

D ata  r e c o r d e d  a f te r  tw e n ty - th re e  days of sp ra y  of chem ica l.  
** A v e rag e  of s ix  p la n ts  in c a s e  of tom ato  seed lings .

A v erag e  of fou r p la n ts  in c a s e  of coleus.
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moon... j  ooo CHECK

so o n . CHECK

I

F ig u re  15. R esponse  of fo l ia r  app lication  of 1000, 5000, and 10, 000 ppm  of 
1, 4 -n aph tha lened io l on co leus  and tom ato  p lan ts  a f te r  te n  days of t re a tm e n t .



75

LOOO ppm  of 1-naphtho ic  acid, som e in c re a s e d  growth w as noted T h is  

w as  s ign ifican t at the  5% L S D  level

S p ray s  of 1, 4 -naph tha lened io l at all con cen tra t io n s  co ns ide rab ly  

inh ib ited  the  grow th  of co leus  and tom ato  seed lings  Plants w ere  killed 

at in c re a s in g  co n cen tra t io n s ,  a s  is  evident from  F ig u re  15- R esu lts  i n ­

d ica te  that I, 4 -naph tha lened io l was m ark ed ly  toxic  to plant t i s s u e s  and 

t h e r e f o r e  might be of som e value  in using  a s  a h e rb ic ide

M ethods and M a te r ia ls

Soil A pplication

S ev e ra l  ch e la t in g  com pounds which s tim u la ted  the  root growth of 

c u c u m b e r  seed lin g s  w e re  in v e s t ig a te d  to d e te rm in e  th e i r  ac tiv ity  on 

to m a to  T o m ato  (L y c o p e rs icu m  escu len tum  v a r  E a r ly  D etro it)  seed lings  

a p p ro x im a te ly  6 cm  in height w e re  t ra n sp la n te d  in 9 -inch  po ts  contain ing  

so il lack in g  in o rg an ic  m a t te r  and n u tr ien ts .  It w as be lieved  that any b e n e ­

fic ia l  effect of th e s e  c h em ica ls  might be ex ag g e ra ted  in th is  type of soil 

One w eek  a f te r  the  seed lin g s  w e re  tran sp lan ted ,  solutions of 25 and 100 ppm 

of v a r io u s  ch e la t in g  compounds w e re  app lied  to the  soil Each pot was 

so ak ed  w ith  500 m i l i l i t e r s  of solution F ive  p lan ts  w e re  kept under each 

t r e a tm e n t .  C ontro l p lan ts  w e re  a lso  i r r ig a t e d  with the  sam e  amount of 

tap  w a te r .  Tw enty  days a f te r  soil application, the p lan ts  w ere  h a rv e s te d  

and the  f r e s h  w eights  of v ines  w e re  re c o rd e d  (Table 23).



R esu lts

T o m ato  vine grow th  w as s ign if ican tly  s t im u la ted  with 25 ppm of 

4 - (p -e th o x y p h en y lazo )-m -p h en y len ed iam in e ,  as  co m p ared  to the  control 

No m a rk e d  d if fe ren c es  in f r e sh  weight w e re  found with o th e r  compounds 

(T able  23)
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TABLE 23

T h e  Effect of Soil A pplica tion  of V a r io u s  C h ela ting  Compounds Upon the Growth 
of Seed ling  T o m a to  P lan ts .

Av e ra g e  F r e s h  Weight p e r  Plant (gms) 
C h e la t in g  Com pounds Cone. C helating  Compounds (ppm)

  0 25 100

C ontro l 8 75

1 - A m in o - 4 -hydroxy  an th raq u i  none 12, 15 6. 20

1 - A m in o - 2 -nap h th o l-4 -  su lfonic  ac id I T 10 7. 45

R eso rc in o l 8. 80 10 55

D ie th y ld i th io c a rb am ic  ac id 11. 00 10. 75

2, 4 -D ihydroxyace tophenone 11 55 9. 45

4 -(p -n i t ro p h e n y la zo )  r e s o rc in o l 12. 40 8 85

p, p -M ethy leneb is (N , N -d im ethy lan iline ) 8, 85 14. 15

Diphenyl g lyoxim e 10. 25 I T 15

2, 2, 4, 4, 6, 6 -H ex an i tro d ip h en y lam in e 9. 50 I T 25

4 - (p - e thoxyphenylazo) - m  -phenylene  d iam ine 13 90 12. 70

Lo S. D at 5% leve l 3. 48

L. S. D. at 1% leve l 4. 62

*Data tak en  tw enty  days a f te r  t re a tm e n t
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B lossom  and F ru i t  T h inn ing  of F ru i t  T r e e s  with O rgan ic  C hem ica ls

R eview  of L i t e r a tu r e

E x c e s s iv e  f lo w erin g  in one y e a r  accom pan ied  by heavy f ru i t in g  r e ­

s u l ts  in b ienn ia l b e a r in g  in m any fru it t r e e s  To a l lev ia te  th is  situation, 

hand th in n in g  of f lo w ers  and young f ru i ts  has been p ra c t ic e d  by g ro w e rs  

T h i s  i s  an ex pens ive  and  ted io u s  p ro c e s s .  A uch ter  and R o b er ts  (7) f i r s t  

d e m o n s t r a te d  tha t ch em ica l  s p ra y s  could  be u sed  effec tively  to th in  apple 

b lo s so m s .  L a te r  B urkholder and McCown (16) noticed  that auxins, such 

a s  n a p h th a len eace tic  acid, would red u ce  the  fru it set of app les  F o llow ­

ing  th e s e  d is c o v e r ie s ,  m any  syn thetic  c h e m ic a ls  w e re  effec tive ly  u ti l ized  

to th in  f lo w ers  and  f ru i t s  T he  use  of th e se  ch em ica ls  has  been s u m m a r ­

iz e d  by T ukey  (73), Leopold  (41), Audus (9), B atjer  and Hoffman (11)

T h e  d e g re e  of th inn ing  f low ers  o r  young f ru i ts  re s u l t in g  from  the  

u se  of c h e m ic a ls  i s  g re a t ly  influenced  by t r e e  v igor, t im e  of application, 

e n v iro n m en ta l  conditions, and v a r ie ty  Southwick et_al_ (61), and L anger 

(38) advoca ted  that no s a t i s fa c to ry  m ethod  of th inning  p each es  has yet been 

e s ta b l is h e d  Leopold  (41) d e m o n s tra ted  that th inning of b lo sso m s  and 

young f r u i t s  by auxins a p p e a r s  to be due to th re e  physio log ical fa c to rs :

(1) p re v e n t io n  of n a tu ra l  po llination; (2) abortion  of young em bryo; and
i

(3) d ire c t  a c c e le ra t io n  of a b sc is s io n  by a l te ra t io n  of the auxin g rad ien t at 

the  a b s c is s io n  zone
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E x p e r im e n ts  w e re  conducted  to d e te rm in e  if actidione, sodium azide, 

and 1, 4 -n ap h th a len ed io l would be effective  in th inning  apples , p each es  and 

c h e r r i e s  on the  H o r t ic u l tu ra l  fa rm  of M ichigan State U nivers ity , E ast 

L ansing , in the  s p r in g  of 1955.

M ethods and M a te r ia l s

P e ach es

T r e e s  of equal v igo r  of two d ifferen t v a r ie t ie s ,  H alehaven and Red- 

haven, w e re  u sed  fo r  the  in ves t iga tions . Aqueous s p ra y s  at 50 and 250 ppm 

of 1, 4 -n aph tha lened io l and sodium  azide  w e re  app lied  to the  l im b s  during  the  

m id d le  of the  day on A pril  28, 1955. S prays  of actid ione  at 2. 5 and 10 ppm  

w e re  a lso  u sed  E ach  t r e a tm e n t  w as app lied  to the  l im b s  which w e re  s e le c ted  

in a ran d o m  fashion  on five d ifferen t t r e e s  of each  v a r ie ty  T he  t r e e s  w e re  

at th e  p e a k  of full bloom. T h e  n u m b er  of f lo w ers  and flow er buds on the  

b ra n c h e s  at th e  t im e  of sp ra y in g  w as re c o rd e d  O b se rv a tio n s  w e re  taken  

e ach  week on the  a b sc is s io n  of flow ers,

C h e r r i e s

M o n tm o ren cy  so u r  c h e r r y  t r e e s  in full bloom w ere  sp ra y ed  with 50,

250, 500 and  750 ppm of 1, 4 -naphtha lened io l, 2 5 ppm and 10 ppm of a c t i ­

dione, and 5, 15, 30 and 60 ppm of 2, 4, 5 - tr ich lo ro p h en o x y  prop ion ic  ac id  on 

M ay 3, 1955 Each  t re a tm e n t  w as applied  on a sm all l im b  which was se le c te d
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in ran d o m  fash ion  on five t r e e s  Since sodium  azide  was found to be c o n s id ­

e ra b ly  p ro m is in g  in th inn ing  b lo s so m s  in e x p e r im e n ts  of peach  t r e e s ,  it 

w as thought d e s i r a b le  to  d e te rm in e  i t s  e f fec t iv en ess  on sou r  c h e r r y  b lo sso m s  

Hence, o th e r  lo ts  of c h e r r y  t r e e s  w e re  s p ra y e d  with 500 ppm of sodium  azide  

at e a r ly  p e ta l  fall on May 5, 1955 T h e  t re a tm e n t  w as re p l ic a te d  five t im e s  

on d ifferen t t r e e s .  T h e  b ra n c h e s  w e re  tag g ed  and th e i r  f low ers  w e re  

coun ted  

A pples

T h r e e  v a r i e t i e s  of app les  (Delicious, in full bloom; Wealthy, at e a r ly  

p e ta l  fall;  and M cIntosh, at la te  p e ta l  fall) w e re  sp ray ed  with 25, and 50 ppm 

of 1, 4 -naph tha lened io l;  and 50 and 250 ppm  of sodium  azide  on May 5, 1955 

T h r e e  t r e e s  of each  v a r ie ty  w e re  s e le c te d  fo r  t re a tm e n t .  Sm all l im bs  

s e le c te d  in random  fash ion  on th e se  t r e e s  w e re  used  T he  num ber of f low ers  

on th e  t r e a t e d  b ra n c h e s  w e re  counted at th e  t im e  of sp ray in g s  and r e c o rd s  

w e re  kept in o r d e r  to  c o m p a re  the  effect of the  chem ica ls .

R esu lts

No conclus ive  r e s u l t s  w e re  obta ined  due to a la te  f r e e z e  All f ru i ts  

on the  t r e e  w e re  frozen  and dam aged. However, o u r  e a r ly  o b serva tion  

in d ic a ted  tha t sodium  az ide  at all co n cen tra t io n s  had e ffectively  th inned 

th e  b lo s so m s  on peach es .  However, the  g r e a te r  th inning was noticed
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when 250 ppm  of the  ch em ica l  was used  Slight d iffe ren ces  w e re  re c o rd e d  

w ith  1, 4 -nap h th a len ed io l  and ac tid ione  at the  h igher  concen tra tions . The 

D e lic io u s  app le  v a r ie ty  w as m a rk e d ly  a ffec ted  by sodium  azide, a s  c o m ­

p a r e d  to M cIn tosh  and W ealthy  v a r ie t i e s  T he  f low ers  w e re  not in ju red  

at high co n ce n tra t io n s .  T he  a c t iv i ty  of the  com pounds v a r ie d  somewhat 

w ith  the  dosage  app lied  By p e rs o n a l  o b se rv a tio n s ,  it w as found that 

sod ium  az id e  w as m o re  p ro m is in g  in b lo s so m  th inning  than was 1, 4 -n a p h ­

th a len ed io l.

No m a rk e d  d if fe ren ces  w e re  r e c o rd e d  with c h e r ry  t r e e s  However, 

a c o n s id e ra b le  n u m b er  of f low ers  w e re  in ju re d  with 500 ppm of sodium 

az id e  and 750 ppm  of 1, 4 -naph tha lened io l.
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GENERAL DISCUSSION

, A n  a t tem p t has  been  m ade  to d e te rm in e  w hether o r  not th e r e  i s  any 

c o r r e la t io n  betw een  s t r u c tu r e  and ac t iv i ty  of v a r io u s  o rgan ic  com pounds 

w hich  w e re  t e s t e d

As a r e s u l t  of th is  r e s e a r c h ,  m any new grow th  r e g u la to r s  have been 

d isco v e re d ,  and  p e rh a p s  s e v e ra l  im p o r tan t  le ad s  have been uncovered

It has  been  found tha t m any naphthoic ac id  com pounds a r e  ac tive  as  

g row th  r e g u la to r s  T h e s e  com pounds a r e  s im i la r  in s t r u c tu r e  to naph- 

th a le n e a c e t ic  acid, except the  s ide  chain  c o n s is t s  only of a carboxyl group, 

w h e re a s  in  naphthalene  ace t ic  a c id  the  carboxyl group is  a ttached  th rough  

m e th y len e  on the  r in g  nucleus . If  the  carboxy l group is  in the  1-position, 

th e  com pound is  m o re  active , a s  c o m p ared  to  when it is  in the  2 -pos it ion  

"When an hydroxyl group is  added  in d ifferen t po s i t io n s  on the  r in g  s t ru c tu re ,  

fo r  ex am p le  1 and 3 p o s i t io n s  the  ac tiv ity  i s  re v e rse d ,  and ap p aren tly  the  

com pounds act a s  an an ti-aux in , th is  i s  in d ica ted  by th e i r  action  in s t im u ­

la t in g  roo t elongation, and on h as ten in g  a b sc is s io n  It is  be lieved  that 

th e  in troduction  of an hydroxyl group might effect the  two point a ttachm ent 

of the  ch em ica l  on the  p ro te in  su b s tra te ,  a s  explained by M uir and 

H ansch  (49)

S ubstitu ting  n itro g en  for carbon  in the  r in g  s t ru c tu re  apparen tly  does 

not change the  ac t iv i ty  of the  compounds, s in ce  h e te ro cy c lic  n itrogen
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com pounds  have a lso  been found to act a s  an auxin, and when hydroxyl 

g ro u p s  a r e  added to  the  h e te ro c y c l ic  n itro g en  compound, it then a c ts  as  

an an ti-au x in .

T h e  s t r u c tu r e s  of th e s e  m a te r i a l s  has  sugges ted  a lso  that p e rh a p s

. . .  i
th e  a c t iv i ty  m ight be c o r r e la t e d  with th e i r  ab ility  to act a s  m eta l che la tes .  

M any c h e la t in g  m a te r i a l s  w e re  te s ted ,  and som e w ere  found to  be ac ting  

in p ro m o t in g  root grow th  and a lso  top grow th  of c e r ta in  p lan ts .  It is  

b e l ie v e d  that p e rh a p s  th e se  c h e m ic a ls  w e re  rem o v in g  ex ce ss iv e  quan tities  

of m e ta l  f ro m  the  ro o ts ,  and thus  in c re a s in g  the  m etabolic  ac t iv i t ie s  

T h e  fact tha t so m e  of th e s e  c h e la t in g  agen ts  in c re a s e  root grow th might 

a lso  in d ic a te  tha t they  a r e  ac t in g  a s  an an ti-aux in . It is  thought p o ss ib le  

th a t  m any  of o u r  s o -c a l le d  a n t i -au x in s  act l ike  che la ting  agen ts  and 

co m p lex  som e m e ta l  enzym e sys tem .

In the  c o u r s e  of the  study o th e r  m a te r ia l s  seem ing ly  u n re la ted  

w e re  actid ione, 1, 4 -naph tha lened io l, and sodium  azide  T h e se  com pounds 

had  inh ib ited  the  roo t grow th of cu cu m b er  seed lings; th e re fo re ,  it was 

thought tha t th e s e  com pounds p e rh a p s  be ac t iv e  a s  b lo sso m  th in n e rs  

T h e s e  m a te r i a l s  w e re  sp ra y e d  on peaches , app les  and c h e r r i e s  It was 

o b s e r v e d  tha t sodium  az ide  is  v e ry  p ro m is in g  fo r flow er thinning

1, 4 -n aph tha lened io l is  a lso  an inh ib ito r  of root growth of cucum ber 

an d  w as o b s e rv e d  ac tive  a s  a toxic  compound for the  grow ing p lan ts  It 

is ,  t h e re fo re ,  su g g es ted  tha t th is  compound has a p ro p e r ty  for he rb ic ida l use.
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SUMMARY

A ro m a t ic  o rg a n ic  com pounds con ta in ing  an hydroxyl group o r  an acid  

group, o r  both, o th e r  su b s ti tu en ts  and h e te ro cy c le  n itrogen  w e re  invest iga ted  

fo r  t h e i r  a c t iv i t ie s  upon c u cu m b e r  roo ts .  A num ber of m eta l che la ting  c o m ­

pounds w e re  a lso  t e s t e d  fo r  th e i r  a c t iv i t ie s  P ro m is in g  com pounds w ere  

th e n  t e s t e d  on v a r io u s  c ro p s  to  d e te rm in e  the  p o s s ib i l i t ie s  for th e i r  h o r t i ­

c u l tu ra l  use

1, Com pounds tha t m ost e ffec tive ly  s t im u la ted  root grow th o f cucum ber 

seed l in g s  grow n in p e t r i  d ish es  w ere : 1 -h y d ro x y -2- naphthoic acid, 3 -hyd roxy - 

2 -n ap h th o ic  acid, 4, 4*-m e th y len eb is -3 -h y d ro x y -2 -n ap h th o ic  ac id  and i ts  d i ­

sod ium  sa lt ,  1 -naphthol,2 , 4 -d ic h lo ro - l -n a p h th o l ,  4, c h lo r o - 1 -h y d ro x y -2 -naphthoic 

acid . Slight r e s p o n s e  upon root elongation was o b s e rv ed  with 2-naphthol, 8- 

quinolinol, benzo ic  acid, and 1-h y d ro x y -2 -naphthalene  sulfonic ac id  (sodium 

salt)

2. Compounds, 1-naphthoic  and 6 -qu ino linecarboxy lic  ac id s  inh ib ited  

roo t grow th  of c u cu m b e r  seed lings  in a c h a r a c te r i s t i c  m an n er  s im i la r  to the 

r e s p o n s e  of n ap h th a len eace tic  a c id  on cu cu m b er  ro o ts  O ther ac tive  root in ­

h ib it ing  com pounds w e re  quinaldinic, 2 -p ico lin ic , 2 - naphthoic acids , and

1 - h y d ro x y -2 -ace to n ap h t hone

3 No add itive  re s p o n se  upon cu cu m b er  root e longation o c c u r re d  when 

u re a  and KH0PO, w e re  s im u ltan eo u s ly  app lied  with 4. 4 f -m e th y len eb is -3 -h y d ro x y -

2 -n ap h th o ic  a c id  in p e t r i  d ish es
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4 M etal c h e la te  com pounds found to  s t im u la te  cu cu m b er root growth 

s ig n if ic an tly  at the  25 ppm  dilu tion w e re :  r e s o rc in o l ,  benzo tr iazo l,  2, 2 f- 

b iquinoline , d ie th y ld i th io ca rb am ic  acid, 2, 4 -d ihydroxyace tophenone  and 

m e rc a p to a c e t ic  ac id  Slight effect was o b se rv ed  with 1 -a m in o -4 -h y d ro x y -  

an th raqu inone , th ia z o le  yellow, and fu r il  dioxime com pounds in p e t r i  d ishes

5. A m ong the  m e ta l  ch e la te  com pounds te s te d  that s tro n g ly  inhibited  

c u c u m b e r  root g row th  w e re  p h en y l-y - th io h y d ran to ic  acid, phenylglyoxal a ldoxim e 

and  2, 2, 4, 4, 6, 6 -hexan itrod ipheny lam ine . Somewhat l e s s  inhibition was found 

w ith 1, 5 -(p -d im e th y lam in eb en zy lid en e)  and 2, 3-butanedione ox im e th io sem i-  

c a rb a z o n e

6 O ther  m e ta l  ch e la t in g  and o th e r  o rg an ic  compounds under investiga tion  

had no m a rk e d  effect on cu cu m b e r  root growth. Somewhat toxic  effect was 

no ticed  at h ig h e r  co n cen tra t io n s .

7 C o n cen tra t io n s  of 10, 100 and 1000 ppm of 2, 3, 5 -tr i iodobenzo ic ,

4, 4 ' -m e th y le n e b is -3 -h y d ro x y -2 - naphthoic, 1 -hydroxy-2 -naph tho ic , and 3- 

h y d ro x y -2 -naph tho ic  ac id s  app lied  in lanolin  to the  cut s u r fa c e  s t im u la ted  the  

a b sc is s io n  of debladed  co leus  p e t io le s  T he  ra te  of a b sc is s io n  w as d irec t ly  

p ro p o r t io n a l  to  the  dosage  app lied

8 When 2, 3, 5 -tr i io d o d b en zo ic  ac id  1000 ppm was applied  s im u l ta n e ­

ous ly  on the  debladed  p e tio le s  with e i th e r  4, 4?-m e th y le n e b is -3 -h y d ro x y - 2 -naphthoic 

a c id  10 ppm, 3 -h y d ro x y -2 -n ap h th o ic  acid  100 ppm, o r  1-h y d ro x y -2 -naphthoic



86

a c id  1000 ppm  in c r e a s e d  s tim u la t io n  of a b sc is s io n  was noted

9 S im ultaneous  app lica tion  of n ap h tha leneace tic  ac id  at 100 ppm with 

e i th e r  2, 3, 5 - tr i io d o b e n zo ic  ac id  1000 ppm, o r  4, 4 * -m e thy leneb is-3 -hydroxy- 

2 -n ap h th o ic  ac id  10 ppm, o r  3 - hyd ro x y - 2 - naphthoic ac id  100 ppm, o r  1-hydroxy-

2 -naph tho ic  ac id  1000 was found to in c re a s e  the  a b sc is s io n  a s  co m p ared  to 

n a p h th a len eace tic  a c id  when app lied  alone. It in d ica te s  that the  action  of 

n ap h th a len eace tic  ac id  on a b sc is s io n  w as c o u n te rac ted  by th e se  m a te r ia l s  

show ing tha t th e s e  com pounds m ay  be an ti-aux ins .

10. W hen 2, 3, 5 - tr i io d o b en zo ic  a c id  1000 ppm, o r  4, 4 r - m ethyl e n e b is -

3 -h y d ro x y -2 -naphthoic  ac id  10 ppm , o r  3 -h y droxy -2 -naph tho ic  ac id  100 ppm 

o r  1 -h y d ro x y -2 -naphthoic  ac id  1000 ppm  was applied  midway betw een the 

a b s c i s s io n  zone and the  cut s u r fa c e  with naph tha leneace tic  ac id  100 ppm 

ap p lied  on the  t ip s  of deb laded  p e tio le s ,  the  re s p o n se  of naph thaleneace tic  

a c id  w as red u ced . A s im i la r  action  was r e c o rd e d  when th e se  m a te r ia l s  

w e re  app lied  in a  s p i r a l  fashion; thus  ind ica ting  that th e se  m a te r ia l s  have 

a n t i -a u x in  p r o p e r t i e s

11 T h e  com pound 1-naphthoic  ac id  at a 10 ppm concen tra tion  applied  

on the  cut s u r fa c e  of debladed  p e t io le s  delayed the  a b sc is s io n  of p e tio le s  

of co leus . However, 1000 ppm  co n cen tra tio n  was found to a c c e le r a te  the  

a b sc is s io n .

12 Soaking co leus  cu ttings  in a 100 ppm solution of 1 -naphthoic acid  

and  a 1000 ppm  solution of 6 -qu ino linecarboxy lic  acid  be fo re  rooting, in-
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c r e a s e d  the  p e rc e n ta g e  of cu ttings  which roo ted

13 No s t im u la t io n  on grow th  o c c u r re d  with 1-naphthoic, 6 -q u in o ­

l in e c a rb o x y l ic ,  and 1 -h y d ro x y -2 -naphthoic  ac id s  when the  seed lings  w ere  

so ak ed  fo r  16 h o u rs  b e fo re  t ra n sp lan t in g ,  but they  w e re  in ju red  at h igher 

c o n c e n tra t io n s .  However, when th e se  c h em ica ls  w e re  applied  through the 

m e d ia  of p a p e r  and  peat m o ss ,  vine grow th  was s t im u la ted  except in the 

p la n ts  t r e a t e d  with 1 -h y d ro x y -2 -n ap h th o ic  acid.

14. T o m ato  plant ro o ts  t r e a te d  with 50 ppm  of 4, 4 ' -m e th y le n e b is -3 -  

h y d ro x y -2 -naphtho ic  ac id  th rough  the m ed ia  of p ap e r  and peat m o ss  and 

t r a n s p la n te d  in  th e  open f ie ld  exhib ited  g r e a te r  f r e s h  weight of v ines as  

c o m p a r e d  to  con tro l.

15 S p ray  of 1000 ppm  of 1-naphthoic  ac id  on tom ato  p lan ts  s t im u ­

la te d  th e  v ine  growth. Dilution of 10, 000 ppm  of 6 -qu ino linecarboxy lic  and 

1 -h y d ro x y -2 -naphtho ic  a c id s  co n s id e ra b ly  re d u c ed  the growth of v ines

a s  c o m p a re d  to  the  con tro l.

16 Coleus and tom ato  p la n ts  sp ra y ed  with 1000 ppm, 5000 ppm and 

10, 000 ppm  so lu tions  of 1, 4 -naph tha lened io l w ere  s e r io u s ly  in ju red , At 

high con cen tra tio n , p la n ts  w e re  killed.

17 Soil app lica tion  with 25 ppm  dilution of 4 -(p -e thoxypheny lazo )-m - 

p h en y len ed iam in e  gave s ign if ican tly  g r e a te r  f r e sh  weight of v ines as c o m ­

p a r e d  to co n tro l  O ther m eta l ch e la te  compounds under investiga tion  had



no s t im u la t in g  re s p o n s e  upon vine growth.

18 C h em ica ls ,  1, 4 -naph tha lened io l,  sodium  azide, actid ione and 

2, 4, 5 - t r ich lo ro p h en o x y  p ro p io n ic  ac id  sp ra y ed  on peaches , c h e r r i e s  and 

ap p les  gave no conclus ive  ind ica tions  of th e i r  re sp o n se  due to la te  snow 

fall in s p r in g  All f ru i ts  and f low ers  w e re  dam aged  However, sodium  

az id e  s p ra y e d  with v a r io u s  d ilu tions  on d ifferen t fru it t r e e s  s ign ifican tly  

re d u c e d  the  n u m b er  of b lo s so m s  on the  t r e a t e d  l im b s  a s  co m p ared  to the  

co n tro l .

19 An a ttem pt w as m ade  to c o r r e la t e  the  chem ica l s t ru c tu re  with 

the  ac t iv i ty  of the  o rg an ic  com pounds te s te d



89

LITERATURE CITED

L A berg , B. S tudies on p lan t grow th  regulators ., VIII On optica lly  active
p lan t grow th  r e g u la to r s .  Ann. Royal A gric ,  Coll, Sweden 20: 241-295. 
1953. (A bstrac t)

2. Addicott, F . T. , and R S. Lynch. A c ce le ra t io n  and re ta rd a t io n  of a b ­
s c is s io n  by in d o leace tic  acid . Science 114: 688-689 1951,

3. Addicott, F ,  T  , and R. S. Lynch. Physiology of ab sc is s io n . Ann Rev.
P lant Phys. 6: 211-238* 1955

4. Addicott, F , T . , R S. Lynch and H R, C arn s ,  Science (in p re s s )  quoted
by Addicott_et aL Ref. 3.

5 A la m e r c e ry ,  J, In te ra c t iv e  e ffec ts  of coum arin , dithiooxim e, a sc o rb ic  
a c id  and aux ins  upon the  e a r ly  developm ent of ro o ts .  Ph. D, T h es is ,  
M ichigan  S ta te  College. 1952.

6. A lexander, T . R. C arb o h y d ra te s  of bean p lan ts  a f te r  t r e a tm e n ts  with
in d o le -3 -a c e t ic  acid , Plant Phys, 13: 845-858. 1938.

7. A uch ter ,  E, C. , and J. W> R o b er ts .  Spraying  app les  fo r  the  p re v e n t io n  of
f ru i t  se t.  P roc. A m er .  Soc. H ort. S c i .  32: 208-212, 1935.

8. Audus, L  J. T h e  m e ch a n ism  of auxin action , Biol. Rev, C am bridge  P h i l .
Soc. 24: 51-91- 1949,

9. Audus, L J. Plant G row th Substances . In te rs c ie n c e  P u b lish e rs ,  New York.
1953,

10 A very, G. S , and  E. B. Johnson. H orm ones  and H o rticu ltu re .  M cG raw -
Hill Book Company, New York. 1947.

11. B atjer , L P . ,  and M. B Hoffman F ru i t  th inning  with chem ica l sp ra y s
U S. Dept, A gr, C irc  867: 1-46 1951,

12. Beal, J. M , and A. G Whiting. Effect of indo leace tic  ac id  inhibiting the
s te m  a b sc is s io n  of M ira b i l is  ja lapa  Bot. Gaz, 106: 420-431 1945

13. Bentley, J A Grow th reg u la t in g  effect of c e r ta in  o rgan ic  compounds.
N a tu re  165: 449-450. 1950.



90

14 Bonner, J , and R. S Bandurski. Studies of the  physiology, p h a r m a ­
cology and b io c h e m is t ry  of auxins. Ann Rev. Plant Phys 3' 59-86 
1952,

15, Booij, H, L P roc , Koninkl Ned Akad. W etenschap. 52: 1100. 1949
(quoted by V e ld s tra ,  r e f  82).

16 B urkholder, C, L. , and M. McCown. Effect of sco r in g  and of a-naphthylacetic  
a c id  and am id e  s p ra y  upon fru it  set and of the  sp ra y  upon p r e - h a r v e s t  fru it  
drop. P ro c ,  A m er.  Soc HorL Sci, 38: 117-120 1941.

17. B u rs trd m , H. S tudies  on grow th  and m e tab o lism  of roo ts .  III. Positive  
and  negative  auxin  e ffec ts  on ce ll  e longation. Physiol P lan ta ru m . 3: 
277-292. 1950o

18 B u rs trb m , H. S tudies  on grow th and m e tab o lism  of ro o ts  VII The growth 
ac tion  of a lpha (phenoxy) p rop ion ic  acid . Physiol. P lan ta ru m , 4: 641-651. 
1951

19. C ro c k e r ,  W. G row th  of P lan ts , R einhold  Publish ing  C o . , New York,
pp. 459. 1948,

20. C u rt is ,  O. F , S tim ula tion  of root grow th  in cu ttings by t r e a tm e n t  with
c h em ica l  com pounds. C orne ll  Univ, A g ru Exp* Sta, M em. 14: 75-138,
1918.

21. G a rd n e r ,  F. E. , and W. C, Cooper, E ffec t iv en ess  of grow th su b s tan ces  in
de lay ing  a b sc is s io n  of co leus  p e tio le s .  Bot, Gaz 1 0 5 :8 -9  1943.

22. Gawadi, A, G. , a n d G .  S, A very  Jr , L eaf a b sc is s io n  and the  s o -c a l le d
" a b s c i s s io n  l a y e r 1"’. A m er,  Jour, Bot 37: 172-180 1950.

23 G ra ce ,  N H, Physio log ica l cu rv e  of re s p o n se  to phy tohorm ones by seeds , 
g row ing  p la n ts ,  cu ttings  and low er p lant fo rm s , Canad Jour. Res. C 
15: 538-546, 1937,

24. Hall, W- C. Evidence  on the  aux in -e thy lene  ba lance  hypothesis  of fo l ia r
a b sc is s io n ,  Bot, Gaz 113: 310-332 1952.

25. H am ner , C L, E ffec ts  of v itam in  B! upon the  developm ent of som e f lo w e r­
ing  p lan ts .  Bot. Gaz, 102: 156-168, 1940.



91

26 H am n er ,  C. L. P hysio log ica l and chem ica l re sp o n se  of bean and
to m a to  p la n ts  to a lpha  nap h th a len eace tam id e  and pheny lace tic  acid,
Bot, G az. 103: 347-385. 1941.

27 H am n er ,  C. L , J E. Moulton, and  H B, Tukey. E ffec ts  of t re a t in g
soil and  s ee d s  with 2, 4 -D  on g e rm in a tio n  and development of seed lings  
Bot, G az. 107: 352-361, 1946

28. H am n er ,  C. L> , R. L, Cook and G. S. Rai. A new m ethod of t r a n s ­
p lan tin g  (a p r e l im in a r y  re p o r t) .  Mich. F lo r i s t  No 2 8 6 :2 2  1955,

29 H am n er ,  C L. P e rso n a l  com m unication , 1955.

30 H a m n er ,  M. E. E ffec ts  of p heny lace tic  ac id  and naphthaleneace tam ide
on to m a to  p la n ts  grow n in so ils .  Bot Gaz. 103: 576-580. 1942.

31. H itchcock, A E. , and P W Z im m e rm a n .  A bsorp tion  and m ovem ent
of syn the tic  g row th  su b s ta n c es  from  soil a s  ind ica ted  by the re sp o n se  
of a e r i a l  p a r t  So C ontrib , Boyce T hom pson  Inst 7 :4 4 7 -4 7 6  1935..

32, I rv in e ,  V- C. S tudies in grow th  p ro m o tin g  su b s tan ces  a s  r e la te d  to X-
ra d ia t io n  and p h o to p e r io d ism . Univ* C olorado  Studies 26: 69. 1938.

33 Jacobs, W . P. T h e  ro le  of auxin in d if fe ren tia tion  of xylem  a round  a 
wound A m er.  Jour, Bot, 39: 301-09. 1952.

34. Jacobs, W, P. T h e  physio log ica l  m e ch an ism  of a n a tu ra l  a b sc is s io n
speed ing  effect. P ro g ra m , 29th Ann. M eet. A m er.  Soc Plant Phys 
pp. 20, 1954,

35. Koepfi, J. B. , K. V. T him ann , and W„ F Went Phytohorm ones:
S tru c tu re  and p hys io log ica l  activ ity . Jour Biol. Chem. 12: 763-780 
1938

36. Kdgl, F. , A. J. Ha&gen Smit, and H. E rx leben . Hoppeseyl. Z 228:
90-103. 1934, (quoted by Wain, Ref, 83)

37. L a ibach , F . V e rsu ch e  m it w uchssto ffpaste . Ber Deutsch. Bot Ges
386-392. 1933 (A bstract)

38 L a n g e r ,  C, A. Effect of m a le ic  hydraz ide  on the  th inning of peaches
d u r in g  th r e e  s u c c e ss iv e  y e a r s .  Mich. State College Quart Bui 209-213. 
1952.



92

39. LaR ue, C. D T he  e ffec ts  of auxin on the a b sc is s io n  of pe tio le s
P roc . Nat. Acad, Sci, (U .S .)  22: 254-259, 1936.

40. L ee p e r ,  R. "W. P e rs o n a l  com m unication .

41. Leopold, A. C Auxins and Plant G row th  Univ C alifo rn ia  P re s s ,
Berkeley, 1955.

42. L in s e r ,  H. V erh . Zool. Bot. Ges. Wien. 92: 199 1951. (quoted
by V e ld s t r a ,  Ref. 82).

43. M ate ll ,  M, S te re o c h em ica l  s tud ies  on plant growth re g u la to rs .
VIL O ptica l ly  ac tive  a-(2-m ethyl-4-chloiw plieuo-xy) p rop ion ic  ac id  
and  a lpha  (2, 4 -d ic h lo ro p h en o x y )-n -b u ty r ic  and th e i r  s te r ic  re la tion . 
A rk iv , K em i. 6: 365-373 1953,

44. M ar te l l ,  A. E, , and  M. Calvin  C h e m is t ry  of the  M etal C helate
Com pounds. P ren t ic e -H a ll ,  Inc. P r e s s ,  New York. 1953

45. M cC all,  W. W. , G. S. Rai, and C. L H am ner. Development of
to m a to  p lan ts  a s  a ffec ted  by v a r io u s  t ra n sp la n t in g  t re a tm e n ts .  
U npublished  data.

46. M itsu i ,  T , , and  A. T a m u ra .  Inves tiga tion  on hydrogenated  1 -naphthoic
acid . Jour, A gr. Chem. Soc, Japan 25: 17. 1951,

47. M uir, R. M>, C, Hansch, and A. H. Gallup. G rowth regu la tion  by
o rg an ic  com pounds. P lant Phys 24: 359-366 1949.

48. M uir, R. M. , and C. Hansch. T he  re la t io n sh ip  of s t ru c tu re  and
plan t grow th  ac t iv i ty  of su b s t i tu ted  benzoic  ac id  and phenoxyacetic  
a c id s  Plant P h y t . 26: 369-374 1951,

49 M uir, R, M. , and C Hansch. C hem ical consti tu tion  a s  r e la te d  to
grow th re g u la to r  action. Ann. Rev, Plant Phys. 6: 157-176 1955,

50 M y ers ,  R, M. E ffec ts  of grow th  subs tances  on the a b sc is s io n  la y e r
in le a v e s  of co leus . Bot Gaz 102: 323-338 1940.

51 N iedergang , E, , and F Skoog. A re in te rp re ta t io n  of effect of TIBA
on g row th  in t e r m s  of i t s  effect on p o la r i ty  and auxin t r a n s p o r t .
A bst. A. I. B S , Ithaca, N Y, 1952.



93.

52 N orm an , A. G , and  R L W ein traub  N at 'l .  Res. Coun Nat. Acad.
Sci, (U. S ) C h e m . Biol C oordination  C en ter , Pub ( f irs t  sym posium
pp. 46 1951)

53. P e a r s e ,  H. L. Effect of h e te ro -a u x in  on the  growth of b road  beans in
w a te r  c u l tu re .  N a tu re  140: 26, 1937'.

54, P e a r s e ,  H. L. G row th  su b s ta n c es  and th e i r  p r a c t ic a l  im p o r tan c e  in
h o r t ic u l tu re  T e c h  Comm. No, 20. Com m onwealth Bur o fH o r t .  
and P lan ta tion  C ro p s ,  1948

55<, R ead y , D. , and V, G. G rant. A ra p id  sen s i t iv e  m ethod fo r d e te r m in a ­
t io n  of low c o n cen tra t io n  of 2, 4 -d ich lo rophenoxyace tic  ac id  in aqueous 
solution. Bot, Gaz. 109: 39-44. 1947.

56. R o s s e t te r ,  F . T  , and W» P. Jacobs, Studies on ab sc is s io n ,  the  s t im u ­
la t in g  ro le  of n e a rb y  leaves . A m er.  Jour, Bot. 4 0 :2 7 6 -2 8 0 . 1951.

57. Shoji, K. , F , T . Addicott, and W A, Swets. Auxin in re la t io n  to le a f
b lade  a b sc is s io n .  Plant Phys. 26: 189-191. 1951

58. Skoog, F. G row th  and o rg an  fo rm atio n  in tobacco  t i s s u e  cu ltu re , A m er.
Jour, Bot, 31: 19-24. 1944,

59. Skoog, F . , and  C, T su i  C hem ica l co n tro l  of grow th and bud fo rm ation
in tobacco  s tem  and ca llu s . A m er Jour, Bot. 35: 782-787 1948.

60. Snedecor, Go W. S ta t is t ic a l  m ethods. Iowa State C ollege P re s s ,  Am es,
Iowa. 1950.

61 Southwick, F . W. , L. J. E dgerton , and M B. Hoffman. Studies in th in ­
n i n g  p e a c h e s  with b lo s so m  rem o v a l s p ra y s  P roc  A m er.  Soc, Hort
Sci. 49: 26-31, 1947.

62. S tua rt ,  N W> N itrogen  and c a rb o h y d ra te s  m e tab o lism  of r e d  kidney
bean  cutting  a s  a ffec ted  by t r e a tm e n t  with indo leace tic  acid, Bot, Gaz. 
100: 298-311. 1938

63. S w a r tz ,  D B. E ffe c ts  of v a r io u s  g ro w th  r e g u la t in g  s u b s ta n c e s  upon
s e v e ra l  s p e c ie s  of p lan ts .  Bot Gaz. 103: 266-273 1941.

64 T em p lem an , W, G. T he  effect of som e plant growth su b s tan ces  on d ry
m a t te r  p ro duc tion  in p lan ts .  Emp J, Expt A gric  7: 76-88. 1939



94

65. T h a rp ,  W. H C h em ica l defolia tion  of cotton. National Cotton
Council, M em phis, Tenn. 9 pp 1953

66. T h e  Home V egetab le  G arden . Mich State Univ. Ext. Bui. E -4 .

67 T h im ann , K. V. , and F. W. Went. On the chem ica l n a tu re  of the root
fo rm in g  horm one . K. Akad, W etenschap. A m ste rd am . P roc. Sect.
Sci, 37: 456-459, 1934,

68 T h im ann , K. V. On plant grow th horm one  p roduced  by Rhizopus suinus.
Jour. Biol Chem. 109: 279-291., 1935,

69. T h im an n , K V , and J. Behnke. T he  use  of auxins in the  ro o tin g  of
woody cu ttings . P e te rsh a m , M ass  H arv es t  F o re s t  1947.

70. T h im ann , K. V, Plant grow th  su b s tan ces ,  21 (F, Skoog, Ed. , Madison,
W is. 476 pp. 1951).

71. T h im ann , K. V, T h e  ro le  of o rtho  su bs ti tu tions  in the  synthetic  auxins.
Plant Phys. 27: 393-404. 1952.

72. T hom pson , H. C V egetable  C rops, 3rd. Edition. M cG raw -H ill  Book
Company, New York. 1939.

73. Tulcey, H B. Plant R eg u la to rs  in A g ric u l tu re .  John W iley and Sons, New
York. 1954

74. Van d e r  lek, H. A. A, O ver de w o r te lv o rm in g  van hontige stekken.
M ededel. Landi. Hoogesch. W agennigen 28: 230. 1925. (A bstract)

75. van O verbeek , J . , R, Blondeau, and V. Horne. A m er. Jour Bot. (in
p r e s s )  quoted by Addicott et a l . Ref. 3.

76. V e ld s tra ,  H R e s e a r c h e s  on plant grow th subs tances . IV T he  re la t io n
betw een  ch em ica l  s t ru c tu re  and physio log ical ac tiv ity  Enzym ologia  11: 
97-137. 1944

77. V e ld s tra ,  H, P roc  Second In te r n a t '1 C ongress ,  Crop P ro tec tion  1949

78. V e ld s tra ,  H. , and H. L Booij R e se a rc h e s  on plant growth re g u la to rs
XVII S tru c tu re  and ac tiv ity  On the  m echan ism  of the  action Biochem. 
Biophys. Acta 3: 278-312, 1949.



95

79. V e ld s tra ,  H. , and C. Van de W este r ingh  On the  growth substance
ac t iv i ty  of su b s t i tu ted  benzoic  acid, Rec, T ra v ,  Chem 71: 318-320.
1952,

80. V e ld s tra ,  H. R e s e a r c h e s  on plant grow th  re g u la to r s ,  XXL S t r u c tu re /
ac tiv ity , VI, H alogenated  benzoic  a c id  and r e la te d  com pounds. Rec,
T r a v ,  Chim, 71: 15-32, 1952,

81. V e ld s t ra ,  H. U npublished  data, (quoted by V e lds tra ,  Ref. 82)

82. V e ld s tra ,  H. T h e  re la t io n  of chem ica l s t ru c tu re  to b io logical ac tiv ity
in g row th  su b s tan ces .  Ann Rev, Plant Phys. 4: 151-198. 1953.

83. Wain, R, L. C hem ica l a sp ec t  of p lan t g ro w th - reg u la t in g  activ ity ,
P ro c ,  of Ass„ AppL Biol. 36: 558-562, 1949.

84. W e in trau b ,  R, L, , J, W- Brown, J. C.. N ickerson , and K. N, T a y lo r
S tud ies  on the  re la t io n  betw een m o le c u la r  s t r u c tu r e  and physio log ica l 
a c t iv i ty  of p lan t grow th  re g u la to r s ,  1. A b sc is s io n  inducing  activ ity ,
Bot. Gaz. 113: 348-362, 1952.

85. Went, F , W, On a su b s tan ce  cau s in g  roo t fo rm ation , P roc, K. Akad.
W etensch , A m s te rd a m , 32: 35-39. 1929

86. W etm ore , R. H. , and  W, P. Jacobs, S tudies  on a b sc is s io n ,  the  inhib iting
effect of auxin. A m er ,  Jour. Bot 40: 272-276, 1953.

87. Whiting, A, G. , and M. M u rra y ,  A b sc is s io n  and o th e r  r e s p o n s e s  i n ­
duced  by 2, 3, 5 - tr i io d o b en zo ic  ac id  in bean  p la n ts ,  Bot, Gaz 109: 447-473 
1948.

88. Z im m e rm a n ,  P. W. Plant h o rm ones . Bulk. T o r r e y  Bot Club 74: 180-183,
1947

89. Z im m e rm a n ,  P. W, , W. C ro ck e r ,  and A E. H itchcock In it ia tion  and
s t im u la t io n  of ro o ts  from  exposu re  of p lan ts  to carbon  monoxide ga- 
C on tr ib  B oyce-T hom pson  Inst 5: 1-17 1933

90. Z im m e r m a n ,  P, W, , A, E H itchcock and F, Wilcoxon. S evera l  e s t e r s
a s  p lan t ho rm ones . C on tr ib  Boyce-Thom pson Inst 8: 105-112 1936

91 Z im m e rm a n ,  P W. , and A, E. H itchcock Substitu ted  phenoxy and benzoic 
a c id  grow th su b s ta n c es  and the  re la t io n  of s t ru c tu re  to physio log ical a c ­
t iv i t i e s ,  C ontrib . Boyce-T hom pson Inst 12 :321 -343 . 1942-



96

92, Z im m e r m a n ,  P W. , and A E H itchcock, C om para tive  e ffec t iv en ess
o f ac id s , e s t e r s ,  and s a l t s  as growth su b s tan ces  and m ethods of 
ev a lu a tin g  them . C ontrib . B oyce-T hom pson Inst 8; 337-350. 1937.

93, Z im m e r m a n ,  P, W, , A, E Hitchcock, and E. A. P r il l .  Substitu ted
benzoic  ac id s  a s  grow th r e g u la to r s ,  C ontrib , Boyce-Thom pson 
Ins t.  16: 419-427, 1952,


