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ON GROWTH PATTERNS OF DECAPITATED BEAN PLANTS

Lewis V. Buchanan I I , M. A.
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Bean p la n ts  were u sed  to  s tu d y  e f f e c t s  o f  IAA and r e la te d  

chem icals on p la n t  growth p a t te r n s .  P la n t  a p ic a l  growth t i p s  were 

removed, e l im in a t in g  a p ic a l  donimance. D e ca p ita ted  p la n ts  were 

t r e a te d  in  ex p erim en ta l groups w ith  IAA, try p to p h an , 5-hydroxy 

in d o le a c e t ic  a c id ,  s e ro to n in , and m e la to n in . Two o th e r  groups served  

a s  c o n t r o ls ,  one c u t ,  and one u n cu t.

Growth measurements were tak en  to  determ ine i f  th e  tre a tm e n ts  

cou ld  e f f e c t iv e ly  r e s to r e  a p ic a l  dominance. Cut c o n tro l  p la n ts  showed 

a  lo s s  o f  a p ic a l, dominance, w ith  decreased  a p ic a l  grow th, and r e le a s e  

o f  in h ib i t i o n  o f  a x i l l a r y  grow th, when compared to  th e  uncu t group.

T ryptophan and m ela to n in  tre a tm e n ts  r e s to r e d  l i t t l e  o r  no a p ic a l  

dom inance. IAA, 5-HIAA, and s e ro to n in  tre a tm e n ts  prom oted a p ic a l  

dom inance, w ith  enhanced a p ic a l ,  and in h ib i te d  a x i l l a r y  grow th.

T h is s tu d y  in d ic a te d  an a b i l i t y  o f  bean p la n ts  to  u t i l i z e  anim al 

hormones ch em ica lly  r e l a t e d  to  IAA to  produce a  v a r i e ty  o f  p la n t  

grow th p a t t e r n s .
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CHAPTER I

INTRODUCTION

Much work r e l a t i n g  to  th e  a re a  o f a p ic a l  dominance has been done 

over th e  p a s t  sev en ty  y e a r s .  Over t h i s  tim e span many ta le n te d  and 

d e d ica te d  s c i e n t i s t s  have d isco v e red  many c lu e s  to  th e  pu zz le  o f  

a p ic a l  dominance, and th e  e f f e c t s  induced  by th e  p la n t  growth hormone 

in d o le a c e tic  a c id  (IAA).

In  more r e c e n t  y e a rs  s tu d ie s  have been conducted on IAA analogs 

in  sea rch  o f  such th in g s  a s  p la n t  growth s t im u la to r s ,  and h e rb ic id e s  

(Moore 1979). R esearch  h as  a ls o  uncovered th e  p resence  in  p la n ts  o f 

s e ro to n in , a  su b stan ce  r e l a t e d  to  IAA (A pplew hite 1973). There i s ,  

however, l i t t l e  ev idence  o f  th e  p h y s io lo g ic a l a c t i v i t y  o f  s e ro to n in  

in  p la n t s .

P a s t  s tu d ie s  have re v e a le d  th e  a b i l i t y  o f  IAA to  promote a  r e ­

tu rn  o f  a p ic a l  dominance when a p p lie d  to  th e  f r e s h  c u t o f  d e c a p ita te d  

bean p la n t s .  T h is s tu d y  in v o lv ed  th e  use o f  s e ro to n in  and o th e r  sub­

s tan c e s  r e l a t e d  to  IAA to  s t im u la te  a p ic a l  dominance in  bean p la n ts  

whose a p ic a l  c e n te rs  had been removed. A c t iv i ty  o f  s e ro to n in , an 

anim al hormone, would p ro v id e  an  in t e r e s t i n g  example o f  a  substan ce  

th a t  was p h y s io lo g ic a l ly  a c t iv e  a s  a  hormone in  bo th  p la n ts  and 

an im als .
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CHAPTER I I

LITERATURE SURVEY 

P la n t  Hormones and Auxin

P la n t hormones a re  ex trem ely  im p o rtan t ag en ts  in  th e  r i g i d l y  

c o n tro l le d  p ro cess  o f  p la n t  developm ent. A p la n t  hormone may he 

d e sc rib e d  as  an o rg an ic  su b stan ce  o th e r  th an  a  n u t r i e n t ,  t h a t  i s  

a c t iv e  in  m inute am ounts. I t  i s  formed in  c e r ta in  p a r t s  o f  a  p la n t  

and t r a n s lo c a te d  to  o th e r  s i t e s ,  where i t  causes s p e c i f ic  biochem i­

c a l ,  p h y s io lo g ic a l ,  and m orpho log ica l r e s u l t s  (Moore 1979).

The f i r s t  type o f  p la n t  hormone to  be d isco v e red  was a u x in . In  

1954» a  com m ittee o f  p la n t  p h y s io lo g is ts  d e fin ed  au x in s  a s  compounds 

c h a ra c te r iz e d  by t h e i r  a b i l i t y  to  induce e lo n g a tio n  in  a p ic a l  shoo t 

c e l l s .  I t  was tho u g h t a t  t h a t  tim e th a t  au x in s  resem bled  IAA, th e  

only  known n a tu r a l ly  o c c u rr in g  au x in . Today i t  i s  g e n e ra l ly  ag reed  

th a t  IAA i s  th e  m ajo r, and perhaps th e  on ly  n a t iv e  au x in  o f  h i t t e r  

p la n ts  (Moore 1979).

A p ical Dominance

A p ica l dominance can  be co n s id e red  to  be m an ife s ted  in  th re e  

ways: ( l )  by com plete o r  a lm o st com plete in h ib i t i o n  o f  grow th in  th e

a x i l l a r y ,  o r  l a t e r a l  buds; (2 ) by in h ib i t io n  o f  growth o f  one sh o o t 

by th e  p resen ce  o f  a n o th e r  dominant sh o o t; and (? )  by th e  d i r e c t iv e  

e f f e c t s  o f  th e  a p ic a l  sh o o t on th e  o r ie n ta t io n  o f  l a t e r a l  organs

2

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



such a s  le a v e s ,  r o o t s ,  and b ran ch es .

The most s tu d ie d  a sp e c t o f  a p ic a l  dominance i s  th e  e f f e c t  o f  th e  

a p ic a l  bud on th e  growth c o r r e la t io n s  betw een th e  a p ic a l  and a x i l l a r y  

buds. The e f f e c t  o f  th e  a p ic a l  bud upon th e  a x i l l a r y  buds i s  com­

monly term ed c o r r e la t iv e  in h ib i t i o n  (W ilk ins 1969) .  Thimann and 

Skoog (1955;1934) dem onstrated  a p ic a l  dom inance, when a p p l ic a t io n  o f 

aux in  to  th e  su rfa c e  o f  stem s o f  d e c a p ita te d  bean p la n ts  caused 

s tim u la tio n  o f  th e  a p ic a l  bud, and in h ib i t i o n  o f  l a t e r a l  buds. 

S ubstances o th e r  th a n  IAA have been found to  p la y  a  r o le  in  

a p ic a l  dom inance, C y to k in in s , p a r t i c u l a r ly  k in e t in ,  when t r e a te d  to  

a x i l l a r y  buds, r e le a s e d  th o se  a re a s  from c o r r e la t iv e  in h ib i t io n  

(Sachs and Thimann 1964) .  In  a l l  c ases  o f  bud r e le a s e  by k in e t in ,  

i t  was found th a t  a p ic a l  dominance reap p ea red  a  s h o r t  tim e l a t e r .  

S u f f ic ie n t  c y to k in in  and au x in  ap p ear to  be req u irem en ts  f o r  bud 

grow th.

Treatm ent o f  p la n ts  w ith  a  g ib b e r e l l in  le a d s  to  enhanced a p ic a l  

dominance, Jacobs and Case (1965) showed th a t  tre a tm e n t o f  a  de­

c a p i ta te d  p la n t  w ith  g ib b e r e l l i c  a c id  and IAA, r e s u l te d  in  an 

in c re a se d  in h ib i to r y  e f f e c t  on th e  a x i l l a r y  buds when compared to  

p la n ts  t r e a te d  w ith  on ly  IAA,

Thus, i t  ap p ea rs  t h a t  a p ic a l  dominance i s  n o t th e  d i r e c t  r e s u l t  

o f  a  s in g le  m o lecu le , b u t r a th e r ,  i s  a  complex ev en t r e s u l t i n g  from 

a  s e r ie s  o f  su b s tan ces  t h a t  i n t e r a c t  to  induce th e  f i n a l  e f f e c t  o f  

c o r r e la t iv e  in h ib i t i o n .
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4

Auxin C ontent and Growth

A ccording to  Leopold (1955)» IAA was sy n th es iz ed  in  la rg e  

amounts in  a  few lo c a l iz e d  a re a s ,  such as  sh oo t t i p s ,  young le a v e s ,  

e n la rg in g  le a v e s , and flo w ers  and f r u i t s .  L eo p o ld 's  f in d in g s  o f  

r e l a t i v e  aux in  c o n te n t ,  and th e  co rresp o n d in g  growth f o r  v a r io u s  

p la n t  a r e a s ,  a re  g iven  in  Appendix 1 . There were marked d if f e r e n c e s  

in  th e  s e n s i t i v i t y  o f  th e  d i f f e r e n t  p la n t  p a r ts  to  IAA. Roots 

showed g r e a te s t  growth r a t e s  a t  lC f*^ m olar c o n c e n tra tio n s , b u t were 

in h ib i te d  a t  h ig h e r  l e v e l s .  Buds showed h ig h e s t  growth a t  10

c o n c e n tra tio n s , and in h ib i t i o n  a t  10 suid h ig h e r  c o n c e n tra t io n s .

-5Stems grew a t  th e  g r e a te s t  r a t e  under IAA c o n c e n tra tio n s  o f  10 

m olar, and a ls o  showed in h ib i t i o n  a t  h ig h e r  l e v e l s .

P la n t  R eg u la tio n  o f  IAA C o n cen tra tio n s  

Free and Bound IAA

IAA c o n c e n tra tio n s , l ik e  any o th e r  p la n t  o r  anim al hormone, 

must be r i g i d l y  c o n tr o l le d .  C o n tro l can be ach iev ed : ( l )  by main­

ta in in g  th e  amount o f  a c t iv e  o r  f r e e  IAA; (2 ) by r e g u la t in g  th e  

q u a n tity  o f  IAA produced from p re c u rso rs ;  and (3 ) by c o n t r o l l in g  

th e  r a t e  o f  use  o f  IAA. These p ro cesses  a re  a l l  i n t e r r e l a t e d ,  

cau s in g  m aintenance o f  IAA le v e l s  to  be a  complex system  (Moore 

1979).

Free IAA was c o n sid e re d  to  be th a t  which was r e a d i ly  a v a i la b le  

f o r  p la n t  u s e . Bound IAA r e f e r r e d  to  in a c t iv e  IAA th a t  co u ld  be 

en zy m a tica lly  a c t iv a te d  (Leopold 1955).
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There a re  ov er s ix te e n  d i f f e r e n t  in a c t iv e  s to ra g e  form s o f IAA, 

in c lu d in g  iso m eric  e s t e r s  o f  IAA and m y o -in o s ito l, IAA e s t e r s  o f  

m y o -in o s ito l g ly c o s id e s , and IAA e s te r s  o f  h ig h  m o lecu lar w eight 

g lu c an s . Auxin g ly s y l  e s t e r s  a p p a re n tly  re p re s e n t  most in a c t iv e  

s to ra g e  forms o f  IAA (Moore 1979).

IAA s y n th e s is  i s  a  p r in c ip a l  means o f  c o n t r o l l in g ,  and main­

ta in in g  p ro p e r IAA le v e l s  in  p la n t s .  The amino a c id  try p to p h an  i s  

commonly c o n sid e red  to  be th e  p rim ary  p re c u rso r  f o r  th e  s y n th e s is  

o f  IAA. By one pathw ay, (Appendix 2 ) ,  try p to p h an  i s  co n v erted  to  

3 - in d o le  p y ru v ic  a c id .  The 3 -in d o le  py ru v ic  a c id  i s  th en  d e c a r-  

b o x y la ted  to  3 - in d o le  a ce ta ld eh y d e , which i s  in  tu r n  o x id ized  form ing 

IAA (Moore 1979).

The second m ajor pathw ay, (Appendix 2 ) ,  in v o lv es  th e  d eca r­

b o x y la tio n  o f try p to p h a n , to  form try p tam in e . Tryptam ine i s  th en  

tran sfo rm ed  to  3 - in d o le a c e ta ld e h y d e . The 3 -in d o lea ce ta ld e h y d e  i s  

th en  o x id iz e d  to  IAA (Moore 1979).

IAA m etabolism  can be co n sid e red  to  be th e  c h ie f  way o f  low ering  

IAA l e v e l s ,  and occu rs  by two b a s ic  p ro c e sse s : ( l )  enzym atic metab­

o lism ; and (2 ) p h o to o x id a tio n .

The enzym atic p ro cess  r e q u ire s  IAA o x id id a se , manganese, and 

hydrogen p ero x id e  (Hinman and Lang 1965) .  About 0 .1  moles o f  

hydrogen p ero x id e  p e r  mole o f  IAA were re q u ire d  f o r  th e  p ro c e ss , 

g iven  in  Appendix 2 . The dominant p ro d u c ts  were 3-m ethylene ox indo le  

and in d o le a ld eh y d e . Indo lea ldehyde fo rm atio n  was p a r t i c u l a r ly  

fav o red  by h ig h  IAA c o n c e n tra t io n s , and th e  p resen ce  o f  cytochrom es.
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P h o to o x id a tio n  p ro d u c ts  were id e n t ic a l  to  th o se  o f  th e  enzym atic 

p ro c e ss , b u t th e  mechanism re q u ire s  s tro n g  l i g h t  d o se s . The n e t  

r e s u l t  was o f  l i t t l e  s ig n if ic a n c e  in  lo w erin g  IAA l e v e l s .

IAA Form ation and M etabolism in  Animals

The pathway o f  IAA fo rm ation  g iven  by Ludwig and A sso c ia te s  

(1968), was th e  same in  p la n ts  and an im als . Tryptophan was con­

verged to  e i t h e r  try p tam in e  o r 3 -in d o lep y ru v ic  a c id ,  which was 

m etab o lized  to  in d o le a ce ta ld eh y d e , from which IAA was form ed. From 

t h i s  p o in t  th e  p la n t  and anim al pathways d i f f e r .

In  p la n t s ,  IAA was con v erted  to  indo lea ldehyde  and 3-m ethylene 

in d o le . In  an im als  IAA was transfo rm ed  to  in d o x y l- k - s u l f a te , and 

indoxy l p h o sp h a te . See Appendix 2 .

IAA T ran sp o rt

The movement o f  endogenous IAA in  sh o o ts  was p r im a r i ly  p o la r  

b a s ip e ta l ly ,  from th e  apex to  th e  b a se . P o la r  t r a n s p o r t  was p o s s i­

b le  in  bo th  parenchym atous and v a sc u la r  t i s s u e  (Moore 1979)* P o la r  

movement o f  IAA was an  energy re q u ir in g ,  a c t iv e  t r a n s p o r t  p ro c e ss .

I t s  movement ranged  from tw elve to  tw enty m ill im e te rs  p e r  h o u r , a  

r a t e  to o  ra p id  to  be accoun ted  f o r  by sim ple d if f u s io n  (Moore 1979)•

S y n th e tic  IAA Analogs

There a re  f iv e  m ajor groups o f  p u re ly  s y n th e t ic  a u x in s , which 

e x h ib i t  p h y s io lo g ic a l  a c t io n  s im i la r  to  IAA. The groups a re  l i s t e d  

in  Appendix 3» and in c lu d e : in d o le  a c id s ,  nap h th a len e  a c id s ,
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naph thalene  a c id s ,  chlorophenoxy a c id s ,  benzo ic  a c id s ,  and p ic o l in ic  

a c id  d e r iv a t iv e s  (Moore 1979)•

S y n th e tic  au x in s  such a s  2 ,4 -D , and n a p h th a le n e a c e tic  a c id ,  have 

shown p o la r  b a s ip e ta l  movement s im ila r  to  IAA. S tu d ie s  u s in g  IAA 

analogs have shown th a t  th e  s t r u c tu r a l  req u irem en ts  f o r  a c t i v i t y  were 

( l )  a  r in g  w ith  a t  l e a s t  one double bond; (2 ) a  s id e  ch a in  a d ja c e n t 

to  th e  double bond; and ( 3 ) a  carboxy l group se p a ra te d  from th e  r in g  

by one o r  two carbons (Bonner and V arner 1976).

The O ccurrence o f  S e ro to n in  in  N ature

S e ro to n in  (5 -hydroxy try p tam in e ) i s  w idely  d i s t r ib u te d  in  p la n ts  

and an im a ls . The p resen ce  o f  s e ro to n in  i s  c lo s e ly  a s s o c ia te d  w ith  

s e v e ra l po isonous p la n ts  such a s  th e  s t in g in g  n e t t l e ,  and cowhage 

(G a ra t t in i  and V a lz e l l i  1965) .

C o l l ie r  and Lewis (1958) sugg ested  th a t  a  p l a n t 's  a b i l i t y  to  

produce s e ro to n in  i s  e i t h e r  p r im it iv e  in  e v o lu tio n , o r  th e  a b i l i t y  

i s  r e a d i ly  evo lved  a s  o ccas io n  demands. He a ls o  proposed th a t  p la n t  

sy n th e s is  o f  s e ro to n in  p ro v id ed  th e  p la n t  w ith  s u rv iv a l  mechanisms. 

For exam ple, th e  s t in g in g  sea  n e t t l e  r e le a s e d  s e ro to n in , p roducing  

e f f e c t s  on m uscle c o o rd in a tio n  in  v e r te b r a te s .  The ex p erien ce  m ight 

d iscou rage  an  in d iv id u a l  from fu tu r e  en co u n te rs  w ith  th e  se a  n e t t l e .

S e ro to n in  was a ls o  found to  be p re s e n t in  v a r io u s  f r u i t s  and 

v e g e ta b le s  such a s  bananas and tom atoes by U denfriend , Lovenberg, 

and Sjoerdsm a (1959)• A pplew hite (1973) re p o r te d  th e  e x is ta n c e  o f  

s e ro to n in  in  th e  s p e c ie s  P haseo lus m u l t i f lo ro u s . a t  l e v e l s  o f  about 

two m icrograms p e r  gram o f  p e t io le  t i s s u e .
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N issau  and A sso c ia te s  (1939) showed th a t  s e ro to n in  in c re a se d  

lo n g i tu d in a l  growth in  m aize, and a ls o  c o u n te ra c te d  th e  in h ib i to r y  

e f f e c t  o f  IAA on r o o t s .  S e ro to n in  a ls o  mimicked th e  a c t io n  o f IAA 

on Avena c o le o p t i l e s ,  c au s in g  them to  bend tow ard l i g h t .

S e ro to n in , M ela to n in , and 5-HIAA S y n th es is  and M etabolism

The s y n th e s is  and m etab o lic  pathways o f  s e ro to n in , m e la to n in , 

and 5-hydroxy in d o le a c e t ic  a c id  (5-HIAA) in  p la n t s ,  were n o t found 

in  th e  l i t e r a t u r e .  T h e ir  fo rm atio n  in  an im als depends upon c e r ta in  

a v a i la b le  enzym atic system s and a v a i la b le  s u b s t r a te s .  See Appendix 2 .

The p r in c ip a l  s y n th e s is  pathway f o r  s e ro to n in  and 5-HIAA given  

by G a r a t t in i  and V a lz e l l i  (1965) began w ith  try p to p h an , which was 

tran sfo rm ed  to  5-hydroxy try p to p h an . The 5-hydroxy try p to p h an  was 

changed to  5-hydroxy try p tam in e , o r  s e ro to n in . 5-hydroxy tryp tam ine  

was m e tab o lized  by monoamine ox idase  to  form 5-HIAA.

The m ela to n in  pathway o f sy n th e s is  (Appendix 2 ) shows th a t  i t  

was form ed from s e ro to n in , which was co n v erted  to  N -ace ty l s e ro to n in . 

N -a ce ty l s e ro to n in  was th e n  converted  to  m ela to n in  (A ltsc h u le  1975)* 

M elaton in  was in a c t iv a te d  by c o n v e r tin g  to  6-hydroxy m e la to n in , 

which became co n ju g a ted  w ith  s u l f a te s  and g lu cu ro n id es  (Wurtman, 

A xelrod , and K elly  1968).
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CHAPTER I I I

MATERIALS AND METHODS 

P la n t  S e le c t io n  and P re p a ra tio n

P e n c il pod b la ck  garden  beans were soaked in  a  one p e rc e n t 

s o lu t io n  o f Chlorox B leach f o r  te n  m inutes to  s t e r i l i z e  th e  seed 

c o a t b e fo re  g e rm in a tio n .

A fte r  r in s in g ,  ap p ro x im a te ly  f i f t y  seeds were even ly  spaced 

between dampened Whatman #1 f i l t e r  p ap ers  in  p l a s t i c  p e t r i  d ish es  

f i f t e e n  c en tim e te rs  in  d ia m e te r .

The c lo se d  p e t r i  d ish e s  were p laced  in  darkness a t  room tem pera­

tu r e  f o r  seven ty-tw o h o u rs , to  a llo w  g e rm in a tio n  o f  th e  se e d s . Pour 

p e t r i  d ish e s  were a rran g ed  in  t h i s  way to  accommodate 200 see d s .

Every h e a lth y  germ ina ted  seed  was p la n te d  in  an in d iv id u a l 

p o t ,  te n  c e n tim e te rs  in  d ia m e te r , c o n ta in in g  about 250 grams of 

s t e r i l i z e d  s o i l .  The s o i l  c o n s is te d  o f  d i r t ,  v e rm ic u l i te ,  and sand , 

i n  a  1 :1 :1  r a t i o .  The seeds were covered  w ith  two c e n tim e te rs  o f  

s o i l ,  and w atered .

Each p o t and p la n t  was w a tered  tw ice  d a i ly ,  and grown in  a  

g reen  house under n a tu r a l  s u n l ig h t ,  and mid-summer photo  p e r io d .

Two weeks l a t e r  th e  p la n ts  were a t  th e  two t r u e  l e a f  s ta g e ,  and 

s u i ta b le  f o r  s tu d y .

H ealthy  p la n t s ,  w ith  a  chosen h e ig h t  o f  about tw enty  c e n t i ­

m e te rs , w ith  th e  t h i r d  s e t  o f  le a v e s  em erging, were s e le c te d  f o r

9

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



10

th e  s tu d y  (See F ig u re  l ) .  One hundred t o t a l  p la n ts  were re q u ire d  to  

f i l l  seven s tu d y  g ro u p s. P la n ts  were random ly p laced  w ith in  th e  

s tu d y  g roups. P o p u la tio n  s iz e  was f i f t e e n  p la n ts  f o r  each e x p e r i­

m ental g roup , and th e  c o n tro l  c u t group. Ten p la n ts  were u sed  f o r  

an  uncu t c o n tro l group.

E xperim ental S tu d ie s  

P re p a ra tio n  o f E xperim en ta l P la n ts

The t e s t  m olecules f o r  each s tu d y  group w ere: in d o le  a c e t ic

a c id ,  5-hyproxy in d o le a c e t ic  a c id ,  try p to p h an , s e ro to n in , and 

m e la to n in . The c o n tro l  groups were u n tre a te d  u ncu t p la n t s ,  and 

w a te r t r e a te d  d e c a p ita te d  p la n ts .

Agar was p rep a red  by b o i l in g  fo u r  grams o f D ifco  Bacto a g a r 

powder in  100 m i l l i l i t e r s  o f  w a ter f o r  f iv e  m in u tes . The s o lu t io n  

was a llow ed  to  s ta n d  f o r  one hour to  form a  la rg e  g e la t in  b lo ck , 

one c e n tim e te r  th ic k ,  t h a t  was c u t  in to  th e  a p p ro p r ia te  s iz e d  t e s t  

b lo c k s .

The grow ing a p ic a l  stem s were removed w ith  a  c u t a t  a  n in e ty  

degree an g le  to  th e  stem , one c e n tim e te r  above th e  second s e t  o f  

le a v e s  (F ig u re  l ) .  Agar b lo ck s about 1 .5  x 1 .5  x  1 .5  m ill im e te rs  

were p la ce d  im m ediately  over th e  end o f  th e  f r e s h ly  c u t p la n ts .

P re p a ra tio n  and A p p lic a tio n  o f T es t Substances

The t e s t  m olecules to  be d e liv e re d  to  th e  p la n ts  were made a t  

c o n c e n tra tio n s  o f  2 X 10"^ moles /  2 V , a  c o n c e n tra tio n  which
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A x illa ry  growth a re a s  
a re  marked X
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promoted a p ic a l  growth in  in d o le a c e tic  a c id  t r e a te d  c u t p la n ts  

(Leopold 1955). The s o lu tio n s  were p laced  in  am pules, and s e a le d  

by flam e under a  n i tro g e n  atm osphere to  p rev en t o x id a tio n , and 

f ro z e n . Twenty v i a l s  f o r  each t e s t  m olecule were p ro c e ssed .

A p p lic a tio n  o f  th e  t e s t  m olecules was accom plished u s in g  a  

Drummond M icrocap m ic ro p ip e tte , w ith  a  d e l iv e ry  o f  2 f . The c u t 

c o n tro l group was g iv en  2 V o f  d i s t i l l e d  w a te r .

The fro z e n  t e s t  s o lu t io n s  were thawed, th e  ampules sco red  w ith  

a  f i l e ,  and broken open. A g iven  s o lu t io n  was d e liv e re d  to  th e  a g a r 

b lo ck  o f each  p la n t  in  th e  a p p ro p r ia te  s tu d y  group ev ery  th re e  days 

th roughou t th e  s tu d y  p e r io d .

Growth Measurements

M easurements were ta k en  every  th re e  days. A reas o f  a p ic a l  and 

a x i l l a r y  growth were m easured to  th e  n e a r e s t  0 .1  c e n tim e te r . P la n ts  

were a llow ed  to  grow f o r  th re e  weeks.

A f te r  f i n a l  measurem ents were tak en , th e  p la n ts  were removed 

from t h e i r  p o ts ,  p la ce d  betw een la y e r s  o f  newspaper and ca rd b o ard , 

and p laced  in  a  p la n t  p re s s  to  d ry  over h e a t f o r  one day.

D ried  p la n ts  were mounted on paper to  s tudy  o v e ra l l  forms o f  

p la n ts ,  and com parisons betw een p la n t  s tu d y  g roups.

S t a t i s t i c a l  A n a ly sis

Q u a n tita tiv e  a n a ly se s  o f  a p ic a l  and t o t a l  a x i l l a r y  growth were 

made. T o ta l a x i l l a r y  grow th was found by t o t a l i n g  a l l  growth from 

th e  a x i l l a r y  buds. Mean growth f o r  each p la n t  group was d e term ined ,
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and t e s t e d  f o r  d if f e r e n c e s  w ith  an  a n a ly s is  o f  v a r ia n c e  (ANOVA) u s in g  

th e  s tu d e n ts  T t e s t ,  to  f in d  w hether o r  n o t th e re  were any s i g n i f i ­

c a n t d if f e r e n c e s  between th e  observed  means.

Schem atic f ig u r e s  were drawn to  show q u a l i t a t iv e  and q u a n t i ta ­

t iv e  d if f e r e n c e s  between groups (F ig u re  2 ) ,  Each p la n t  s t i c k  f ig u re  

re p re se n te d  a  g roup , w ith  enhanced a re a s  co rre sp o n d in g  to  mean a p ic a l ,  

and mean s h o r te s t  and lo n g e s t a x i l l a r y  g row ths. The v e r t i c a l  s c a le  

was in  c e n tim e te rs , w ith  each draw ing based  on a  p la n t  b e in g  decap i­

ta te d  a t  a  h e ig h t o f  tw enty  c e n tim e te rs .

P la n t  groups were a ls o  compared by th e  degree to  which th ey  

dem onstrated  a p ic a l  dominance in  F igu re  3»
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CHAPTER 1 7

RESULTS

The means and s ta n d a rd  d e v ia t io n s  f o r  a re a s  o f  prim ary and 

secondary growth f o r  each  p la n t  s tudy  group a re  l i s t e d  in  Table 1 . 

Groups were a rran g ed  in  o rd e r  o f  g r e a te s t  to  l e a s t  mean a p ic a l  

grow th. The c o n tro l  u n cu t group re p re se n te d  a  normal s i tu a t io n  in  

which a p ic a l  dominance o c cu rred , c h a ra c te r iz e d  by la rg e  a p ic a l  growth 

and r e l a t i v e l y  sm all a x i l l a r y  grow th. Mean a p ic a l  growth in  th e  un­

c u t group was 22.31  c e n tim e te rs ,  compared to  a  mean combined a x i l l a r y  

growth o f  1 .5 9  c e n tim e te rs .

The rem ain in g  groups l i s t e d  in  Table 1 were t e s t e d  w ith  v a rio u s  

su b stan ces  fo llo w in g  th e  rem oval o f th e  a p ic a l  growth c e n te r .  The 

s e ro to n in  t r e a te d  group dem onstra ted  mean a p ic a l  growth o f 12.42  

c e n tim e te rs , and mean combined a x i l l a r y  growth o f 3*52 c e n tim e te rs .

The 5-HIAA t r e a te d  p la n ts  produced mean a p ic a l  growth o f 8 .91 

c e n tim e te rs , and mean combined a x i l l a r y  growth o f 2.92  c e n tim e te rs . 

The group t r e a te d  w ith  m ela to n in  showed mean a p ic a l  and mean combined 

a x i l l a r y  growths o f  7 .0 4  and 5 .58 c en tim e te rs  r e s p e c t iv e ly .

The IAA t r e a te d  group dem onstrated  mean a p ic a l  growth o f  6 .21 

c en tim e te rs  and mean combined a x i l l a r y  growth o f  2 .77  c e n tim e te rs .

The c o n tro l  c u t ,  w a te r t r e a te d  group, dem onstrated  a  s i t u a t io n  o f 

l o s t  a p ic a l  dominance in  which a p ic a l  growth i s  reduced , w hile  

a x i l l a r y  growth g r e a t ly  in c re a s e d . T his group showed only  5 .04

17
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Table 1

A pical and A x il la ry  Growth in  Bean P la n ts  
Mean Values and S tandard  D ev ia tio n s  in  C en tim eters

Group A pical S h o r te s t
A x illa ry

Longest
A x illa ry

Combined
A x illa ry

C ontro l 22.31 .54 1 .05 1.59
Uncut

±  6.83 ±  .36 ±  .37 + .66

S ero to n in 12.42 1 .05 2 .47 3.52

±  2.92 ±  .56 +1.82 +2.21

8.91 1 .19 1.73 2.92
5-HIAA +6.41 ±  *9 ±1.34 ±2.09

7.04 1.63 3.75 5.38
M elatonin

±4.95 +1.64 ±3 .48 ±4.71

6.21 1 .24 1 .71 2.77
IAA

±4.79 ±  .85 +1.68 ±2.29

C ontro l 5 .04 3.82 9 .7 13.52
Cut ±2.85 ±1.99 ±3.51 +4.09

4.09 2.53 6.75 9.29
Tryptophan

±3.47 ±1.33 +4.00 ± 4.20
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c e n tim e te rs  o f  mean a p ic a l  grow th, w hile  mean combined a x i l l a r y  

growth in c re a se d  to  13.52 c e n tim e te rs .

The try p to p h an  t r e a t e d  group showed an even low er amount o f  mean 

a p ic a l  grow th , 4*09 c e n tim e te rs ,  w h ile  d em o n stra tin g  a  mean combined 

a x i l l a r y  grow th o f  9 .29  c e n tim e te rs .

F igu re  2 shows a  p i c to r a l  q u a l i t a t iv e  and q u a n t i ta t iv e  com pari­

son o f  th e  mean a p ic a l  and a x i l l a r y  growth a re a s .  The f ig u r e s  were 

drawn to  enhance th e  a re a s  o f  th e  growth s tu d ie d . For th e  q u a l i t a t iv e  

r e s u l t s  th e  two b i l a t e r a l  a x i l l a r y  growth a re a s  were t r e a te d  sepa­

r a t e l y .  In  th e  q u a n t i ta t iv e  r e s u l t s  th e  in d iv id u a l  a x i l l a r y  growth 

a re a s  were combined (T able  l ) .

The draw ings were g e n e ra l ly  a rran g ed  from h ig h e s t to  lo w est mean 

a p ic a l  g row th . The q u a l i t a t iv e  r e s u l t s  showed a  p a t te r n  in  which 

d ec rea se s  in  mean a p ic a l  grow th were somewhat r e l a t e d  to  in c re a s e s  

in  a x i l l a r y  grow th . The groups p o s i t io n s ,  th e n , cou ld  be r e l a t e d  

to  t h e i r  prom otion  o f  a p ic a l  dominance.

A p ical grow th was resum ed in  a l l  th e  p la n t  groups w ith  th e  

ex cep tio n  o f  th e  try p to p h an  and c o n tro l  c u t  g roups. None o f  th e se  

t r e a te d  p la n ts  produced a s  much a p ic a l  growth a s  t h a t  which o ccu rred  

in  p la n ts  t h a t  were n o t d e c a p i ta te d .

S e ro to n in  was th e  most e f f e c t iv e  tre a tm e n t f o r  r e s to r in g  a p ic a l  

grow th. S e ro to n in , 5-HIAA, and m ela to n in  were a l l  more e f f e c t iv e  in  

prom oting a p ic a l  growth th an  th e  endogenous p la n t  aux in  IAA.

A x il la ry  growth p a t te r n s  t h a t  r e s u l te d  were such th a t  s im i la r  

re sp o n se s  co u ld  be p a i r e d .  The 5-HIAA and IAA groups show a
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similarity in their effects on growth. Both stimulated apical 
.growth, and inhibited axillary growth.

The serotonin and melatonin groups were also similar. While 
these compounds promoted apical growth, they also partially released 

axillary growth inhibition.
There were also similarities between the tryptophan and control 

cut groups. Both show a loss of apical dominance with much greater 
mean axillary growth, and less apical growth.

The control uncut, IAA, and 5-HIAA groups all stimulated apical 
growth, while greatly inhibiting axillary growth. The serotonin and 
melatonin groups also promoted apical growth,' but partially released 
the inhibition of axillary growth. With the tryptophan and control 
cut groups, there was very little apical growth, and a great increase 
in axillary growth.

Figure 5 shows a comparison of relative apical dominance between 
plant groups based on differences between mean apical and mean com­
bined axillary growth. Values used were derived by subtracting mean 
total axillary growth from mean apical growth. Groups showing a 
substantial positive difference between mean apical and axillary 
growth indicated the presence of apical dominance. Those groups with 
a relatively small positive difference, or a negative difference indi­
cated the absence of apical dominance.

Groups showing large positive differences in comparative growth 
were control uncut (+22.02), serotonin (+ 8 .9 ) , 5-HIAA (+5«99)» and 

IAA (+5.44). The remaining groups, melatonin,’ control cut, and
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tryp tophan  showed v a lu e s  o f  (+ 1 .6 6 ) , ( - 5 .2 ) ,  and ( -8 .5 2 )  re sp ec ­

t i v e ly .

Based on t h i s  com parison , th e  c o n tro l u n cu t, s e ro to n in , 5-HIAA, 

and IAA groups a l l  dem onstrated  a p ic a l  dominance. The m ela ton in  

t r e a te d  group d id  promote a p ic a l  dominance, h u t s ig n i f i c a n t ly  re le a s e d  

a x i l l a r y  buds from in h ib i t i o n .  T his group, th e n , e x h ib ite d  p a r t i a l  

a p ic a l  dominance. The c o n tro l  c u t and try p to p h an  groups showed a  

lo s s  o f  a p ic a l  dominance.

ANOVA t e s t s  o f  mean a p ic a l  and mean combined a x i l l a r y  growth 

were made between p la n t  g ro u p s . Confidence in te r v a l s  were c a lc u la te d  

u s in g  th e  s tu d e n ts  T t e s t  to  show th a t  th e  compared means were 

s ig n i f ic a n t ly  d i f f e r e n t  a t  th e  95 p e rc e n t con fidence  in t e r v a l .  Any 

c a lc u la te d  confidence  i n t e r v a l  l e s s  th an  95 p e rc e n t in d ic a te d  th a t  

th e  compared means were n o t s ig n i f i c a n t ly  d i f f e r e n t .

S t a t i s t i c a l  com parisons betw een groups f o r  mean a p ic a l  and mean 

combined a x i l l a r y  growth a re  shown in  F ig u res  4 and 5» In  F ig u re  4 

groups were a rran g ed  a lo n g  th e  b a se lin e  from low est to  h ig h e s t  mean 

a p ic a l  grow th. The d is ta n c e  on th e  l in e  from one group to  a n o th e r 

was r e l a t iv e  to  s ig n i f i c a n t  d if f e r e n c e s  between t h e i r  means. Above 

th e  b a s e l in e s ,  th e  groups were a rran g ed  v e r t i c a l l y ,  w ith  each group 

showing a re a s  o f  s ig n if ic a n c e  compaired to  th e  b a s e l in e .

For exam ple, th e  m ela to n in  group in  th e  v e r t i c a l  column was 

compared to  th e  b a s e lin e  to  determ ine  which groups had s ig n i f i c a n t ly  

d i f f e r e n t  mean a p ic a l  g row th . The a re a  o f  th e  b a s e lin e  covered  by a  . 

s o l id  bair ( ■ ■ ■ ■ ■ ■ )  in c lu d e d  a l l  th e  groups whose means were n o t 

s ig n i f ic a n t ly  d i f f e r e n t  from  m e la to n in . The a re a  o f  b a s e lin e  covered
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by a  c l e a r  b a r  ( i i ) co n ta in ed  th o se  groups whose means were

s ig n i f i c a n t ly  d i f f e r e n t  from m e la to n in . In  t h i s  c a se , mean a p ic a l  

growth f o r  m ela to n in  was s ig n i f i c a n t ly  d i f f e r e n t  from th e  s e ro to n in  

and c o n tro l  uncu t g ro u p s , and n o t d i f f e r e n t  from th e  rem ain ing  

g roups. The uncu t group had mean a p ic a l  growth th a t  was s i g n i f i ­

c a n tly  d i f f e r e n t  from a l l  o th e r  g roups. Mean a p ic a l  growth f o r  the  

s e ro to n in  group was s ig n i f i c a n t ly  d i f f e r e n t  from th e  try p to p h an , 

c o n tro l c u t ,  and c o n tro l  u ncu t g roups, b u t n o t d i f f e r e n t  from the  

5-HIAA group . The mean a p ic a l  growth o f th e  5-HIAA group d i f f e r e d  

from th a t  o f  th e  try p to p h a n , c o n tro l  c u t ,  and c o n tro l uncu t g roups, 

w hile  b e in g  s t a t i s t i c a l l y  eq u al to  the  IAA, m e la to n in , and se ro to n in  

g roups. The IAA group had mean a p ic a l  growth which was s i g n i f i ­

c a n tly  d i f f e r e n t  from th e  s e ro to n in  and uncu t g roups, and n o t d i f ­

f e r e n t  from th e  rem ain in g  g roups. Means f o r  th e  c o n tro l  c u t and 

try p to p h an  groups were s ig n i f i c a n t ly  d i f f e r e n t  from th e  5-HIAA, 

s e ro to n in , and c o n tro l  uncu t g roups.

The c o n tro l  c u t and try p to p h an  groups were id e n t ic a l  in  t h e i r  

com parisons to  o th e r  g ro u p s. The IAA and m ela ton in  groups were a lso  

i d e n t i c a l .  The 5-HIAA and s e ro to n in  groups were a ls o  r e l a t e d .

The mean combined a x i l l a r y  growth com parisons, a ls o  based  on 

95 p e rc e n t confidence  in te r v a l s ,  a re  shown in  F igure 5» The c o n tro l 

uncu t group was s ig n i f i c a n t ly  d i f f e r e n t  from the  s e ro to n in , m ela to n in , 

try p to p h an , and c o n tro l  c u t g roups, and n o t s ig n i f i c a n t ly  d i f f e r e n t  

from th e  IAA, and 5-HIAA g roups. The IAA and 5-HIAA groups were 

id e n t i c a l  in  t h e i r  com parisons to  o th e r  g roups. Both were s i g n i f i ­

c a n t ly  d i f f e r e n t  from on ly  th e  try p to p h an  and c o n tro l  c u t g roups.
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The s e ro to n in  and m e la to n in  groups were a ls o  id e n t ic a l  in  t h e i r  com­

p a r is o n s , and were q u i te  s im i la r  to  th o se  o f IAA and 5-HIAA, b e in g  

s t a t i s t i c a l l y  d i f f e r e n t  from on ly  the  try p to p h an , c o n tro l  c u t ,  and 

c o n tro l uncu t g roups. The try p tophan  and c o n tro l c u t groups had 

mean combined a x i l l a r y  growth th a t  was s ig n i f i c a n t ly  d i f f e r e n t  from 

a l l  o th e r  g roups, in c lu d in g  each o th e r .

An a n a ly s is  o f  v a r ia n c e  t e s t  was used  to  show w hether o r  n o t 

th e  observed  means from th e  t e s t  and c o n tro l groups were th e  r e s u l t  

o f th e  tre a tm e n ts  to  th e  re s p e c tiv e  g roups. Comparisons were made 

f o r  bo th  mean a p ic a l  and mean combined a x i l l a r y  grow th. The r e s u l t s ,  

based  on a  95 p e rc e n t co n fidence  in te r v a l  in d ic a te d  th a t  th e  ob­

served  r e s u l t s  were d i r e c t l y  r e l a t e d  to  th e  tre a tm e n ts  g iv en .

R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited without perm ission.



CHAPTER Y

DISCUSSION OP RESULTS

5-HIAA and s e ro to n in  were more e f f e c t iv e  th a n  IAA in  prom oting 

a p ic a l  dominance in  t h i s  t e s t  s i t u a t io n .  The l i t e r a t u r e  rev iew  

produced no knowledge th a t  5-HIAA was an endogenous p la n t  growth 

hormone, b u t 5-HIAA f u l f i l l s  th e  req u irem en ts  o f  a  r in g  w ith  a  

double bond, an  a d ja c e n t s id e  c h a in , and a  carboxy l group g iven  by 

Bonner and V arner (1976) f o r  p roducing  e f f e c t s  s im ila r  to  IAA.

5-HIAA was s t r u c t u r a l l y  v e ry  s im i la r  to  IAA; w ith  a  hydroxyl group 

a t  th e  f i f t h  carbon b e in g  th e  only  d i f f e r e n c e .  T h e re fo re , i t s  

a c t i v i t y  was p ro b a b le .

S e ro to n in  produced g r e a te r  s t im u la t io n  o f  a p ic a l  dominance than  

5-HIAA. S e ro to n in , how ever, la ck ed  th e  s t r u c tu r a l  req u irem en ts  o f 

Bonner and V arner (1976) ,  la c k in g  a  te rm in a l carboxy l group.

S e ro to n in  co n v ers io n  to  5-HIAA o r some o th e r  a c t iv e  p la n t  • 

growth sub stan ce  i s  a  p o s s i b i l i t y .  I f  a  p la n t  c o n ta in s  th e  enzyme 

monoamine o x id ase , s e ro to n in  cou ld  be co n v erted  to  5-HIAA. S e ro to n in  

was shown by N issau  and a s s o c ia te s  (1959) to  be a c t iv e  in  th e  Avena 

c o le o p t i le  t e s t ,  and promoted a p ic a l  growth in  c o m . S ero to n in  

a ls o  occu rs  n a tu r a l ly  in  p la n t s ,  in c lu d in g  th e  genus P h aseo lu s . The 

fo rm atio n  pathway o f s e ro to n in  and 5-HIAA in  an im als was q u ite  

s im i la r  to  IAA fo rm atio n  in  p la n t s .  The o n ly  m ajor d if f e re n c e  was 

an  enzyme to  h y d ro x y la te  try p to p h an  a t  th e  f i f t h  carbon  p o s i t io n ,  

p ro v id in g  th e  p re c u rso r  to  s e ro to n in . S ince s e ro to n in  occurs
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n a tu r a l ly  In  p la n ts ,  i t  seems p o s s ib le  t h a t  th e  same enzymes m ight 

be p re s e n t in  p la n t  t i s s u e .  S e ro to n in  was a ls o  v e ry  c lo s e ly  r e l a t e d  

to  try p tam in e , which was en zy m atica lly  changed to  IAA in  p la n t s .

The same, o r  some c lo s e ly  r e l a t e d  enzyme cou ld  o x id ize  s e ro to n in  

to  5-HIAA.

M elatonin  seemed to  f a i l  to  s ig n i f ic a n t ly  promote a p ic a l  domi­

nance . E v id en tly  th e  sm all s t r u c tu r a l  d if f e re n c e s  from s e ro to n in  

were enough to  produce s ig n i f ic a n t ly  d i f f e r e n t  growth p a t t e r n s .

The s im i la r i ty  between th e  c o n tro l c u t and try p to p h an  groups 

was expec ted  s in c e  try p to p h an  was n o t removed by d e c a p i ta t io n ,  and 

n o t c o n ce n tra te d  in  growth a r e a s .  The c o n tro l  c u t group showed th a t  

th e  rem oval o f  th e  grow ing t i p  o f  th e  p la n t  r e s u l te d  in  a  lo s s  o f  

th e  p l a n t 's  a b i l i t y  to  produce normal grow th. The l i t e r a t u r e  has 

alw ays suggested  th a t  the  a p ic a l  growth substan ce  l o s t  in  d e c a p ita ­

t io n  was IAA.

The IAA t r e a te d  group d isp lay ed  a p ic a l  dominance by in h ib i t i n g  

l a t e r a l  bud grow th. But i t  d id  no t promote a p ic a l  growth th a t  was 

s t a t i s t i c a l l y  g r e a te r  th an  th e  c o n tro l c u t group. The IAA p la n t  

group showed a  la rg e  v a r ia t io n  in  a p ic a l  growth which serv ed  to  

n u l l i f y  any tru e  growth d if f e r e n c e s .  A ll IAA t r e a te d  p la n ts  d id  

produce more growth th an  the  w ater t r e a te d  p la n ts .

Some o f th e  t e s t  compounds d id  show a d e f in i t e  a b i l i t y  to  r e ­

s to re  a p ic a l  dominance in  d e c a p ita te d  bean p la n ts .  I t  i s  reaso n ab le  

to  assume th a t  5-HIAA i s  a c t iv e  in  prom oting a p ic a l  dominance w ith ­

o u t any a l t e r i n g  o f s t r u c tu r e .  The se ro to n ir i t r e a te d  p la n ts  d id  

show th e  a b i l i t y  to  use  s e ro to n in  a s  a  growth r e g u la to r .  T his was
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done e i t h e r  d i r e c t l y ,  o r  by a l t e r i n g  th e  s e ro to n in  m olecule to  an 

a c t iv e  su b s ta n c e , q u ite  p o s s ib le  5-HIAA.

This s tudy  showed th a t  s e v e ra l  chem ica lly  r e l a t e d  compounds 

can re p la c e  IAA, and promote a p ic a l  dominance. I t  would be i n t e r ­

e s t in g  to  know i f  s e ro to n in , known to  occur n a tu r a l ly  in  p la n ts ,  

a c ts  as a  p la n t  growth re g u la to r  in  n a tu re .
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Appendix A. Auxin C ontent and Growth R e la tio n sh ip s
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Appendix B. Synthesis and Metabolism of Test Substances

animals ■ tryptophan plants + animals

V5-hydroxy
tryptophan

v V5-indolepyruvic tryptamine 
acid

5-hydroxy 
indolepyruvic 

I acid

V
5-hydroxy
tryptamine

v
V5-hydroxy

indoleacetic
acid

5-hydroxy 
indoleacetaldehyde

V
N-acetyl
serotonin

V
melatonin

: V5 indole 6 hydroxy
acetaldehyde tryptamine

V
IAA

plants|animals

V
indolenine 

hydroperoxide
Vindoxyl-K-sulfate
indoxyl

phosphate

V
indolenine
enoxide

6-hydroxy
melatonin

Voxindole 
3 carbinol

V
3-methylene
oxindole

V
indole
aldehyde
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Appendix C. Examples o f  Types o f  S y n th e tic  Auxins

in d o le  a c id s
-CH2 —  CKg -COOK

Indo le  P ro p io n ic  Acid

CH,

In d o leb u ty x ic  Acid

CII
I
COOH

CH„—  COOH

naph thalene
a c id s

N ap h th a len ace tic  Acid

0 -C H 2 — COOH

N aphthoxyacetic  Acid

chlorophen 
a c id s

0— CH2 —COOH
Cl

Cl

(2 ,4 -D )

0 _  CH2_  COOH 

Cl

Cl
Cl

(2 ,4 ,5 -T )

benzo ic
a c id s

ClI
COOH

ClĴ iLci
2 ,4 ,6  T r ic h lo ro -

Benzoic Acid

Cl
'-^COOH 

Cl
2 ,3 ,6  T r ic h lo ro -

Benzoic Acid

p ic o l in ic  
a c id s

C W ^ y '  G00H

Cl Cl

NH,

4-am ino-3,5»6 T r ic h lo ro p ic o l in ic  Acid

R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited without perm ission.



BIBLIOGRAPHY

Altschule, M. D. Frontiers of pineal physiology. Cambridge: The MTI
Press, 1975.

A pplew hite, P . B. 1973. S e ro to n in  and n o rep in ep h rin e  in  p la n t  
t i s s u e s .  P h y to ch em is try . 12 ( l ) :  191-192.

Bonner, J . ,  and J .  E . Varner. Plant biochemistry. New York: Academic
Press, 1976.

C o l l i e r ,  H ., and G. P . Lew is. 5-Hydroxy try p tam in e . B e l f a s t :  P e r -
gamon P re s s  L t d . , 195B.

G a r a t t in i ,  S . ,  and L. V a lz e l l i .  S e ro to n in . New York: E ls e v ie r
P u b lish in g  C o ., 1965.

Goebel, K. 1900. Organography o f p la n ts  e s p e c ia l ly  o f th e  a rchegon- 
i a t e  and sperm aphyta . P a r t  1 . G eneral organography. C larendon 
P re s s , O xford.

G regory, F . G ., and J .  A. V eale . 1957. A reassessm en t o f th e
problem  o f  a p ic a l  dominance. Symp. Soc. Exp. B io l . 11 , 1 -2 0 .

; i
Hinman, J .  W,, and J .  Lang. 1965. Porox idase  c a ta ly z e d  o x id a tio n  o f 

in d o le a c e t ic  a c id .  B io chem istry . 4s 144-158.

Jaco b s , W. P . ,  and D. B. Case. 1965. Auxin t r a n s p o r t ,  g ib b e r e l l in ,  
and a p ic a l  dom inance. S c ien ce . 148: 1729-1731.

K eeg stra , K ., K. W. Talmadge, W. D. B aur, and P . A lbersheim . 1973.
The structure of plant cell walls. III. Plant Physiol. 51s 
188- 196.

Key, J .  L . , N. M. B a r n e t t ,  and C. Y. L in . 1967. RNA and p ro te in  
b io s y n th e s is  and th e  r e g u la t io n  o f c e l l  e lo n g a tio n  by au x in .
Ann. New York Acad. S c i . 144s 49-62.

Leopold, A. C. Auxins and p la n t  grow th. Los A ngeles: U n iv e rs ity
o f C a l i fo rn ia  P r e s s ,  1955.

Ludwig, G0 D ., D. Senesky, L. W. Blumle, and J .  R. E lk in to n . 1968. 
In d o le s  in  u rem ia : I d e n t i f i c a t io n  by c o u n te rc u rre n t d i s t r i b u ­
t io n  and paper chrom atography. The Amer. Jo u r , o f  C lin . N ut.
21 (5 ) :  436-450.

32

R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited without perm ission.



M athysse, A. G ., and C, P h i l l i p s .  1969* A p r o te in  in te rm e d ia ry  in  
th e  in te r a c t io n  o f  a  hormone w ith  th e  genome. P ro c . M atl.
Acad. S c i .  U .S.A . 63* 897-903.

M cIntyre, G. I .  1^64. Mechanism o f  a p ic a l  dominance in  p la n t s .  
N a tu re . 203: 1190-1191.

M itc h e ll ,  J .  W., and W. E . M artin . 1937. E f fe c t  o f  in d o le a c e t ic
acid, on growth and chem ical com position o f  e t i o l a t e d  bean  p la n ts .  
B o t. Gaz. 99* 171-183.

Moore, T. C. Biochemistry and physiology of plant hormones. New 
York: S p rin g e r V erlag , 1979.

Newmann, I .  A. 1963. E l e c t r i c  p o te n t ia l s  and au x in  t r a n s lo c a t io n  
in  Avena. A u st. J .  B io l .  S c i . 16: 629- 646 .

N ia u ssa t, P . ,  H. L a b o r i t ,  C. duB ois, and M. N ia u ssa t. 1958. A ction 
o f  s e ro to n in  on th e  growth o f young o a t s e e d lin g s . Compt. Rend. 
Soc. B io l . 152: 945-947.

Ray, P . M. 1977* Auxin b in d in g  s i t e s  o f  maize c o le o p t i le s  a re  
lo c a l iz e d  on membranes o f  th e  endoplasm ic re tic u lu m . P la n t  
P h y s io l. 46 : 250-253.

R ayle, D. L . ,  and R. C le lan d . 1970. Enhancement o f  w a ll lo o sen in g  
and e lo n g a tio n  by a c id  s o lu t io n s .  P la n t  P h y s io l . 46 : 250-253.

Sachs, T. and K, V. Thimann. 1967. The r o le  o f  au x in s  and c y to k in in s  
in  th e  r e le a s e  o f  buds from dominance. Am. J .  B o t. 54*
136-144.

S c o tt ,  T. K ., and W. R. B rig g s , i 960. Auxin r e la t io n s h ip s  in  the  
A laska p ea . Am. J .  B otany. 47* 492-499.

Snow, R. 1931. Experim ents on growth and in h ib i t i o n  I I .  P ro c .
Boy. Soc. B. 114* 317-559.

S tu a r t ,  N. W. 1932. N itrogen  and carb o h y d ra tes  o f  k idney  bean
c u t t in g s  as  a f f e c te d  by tre a tm e n t o f  in d o le a c e tic  a c id .  B ot.
Gaz. 100: 2 8 9 -3 H .

Thimann, K. V ., and P . Skoog. 1933. S tu d ies  on th e  growth hormone 
o f p la n ts  I I I .  The in h ib i t i n g  a c t io n  o f  th e  growth su b stan ce  
on bud developm ent. P ro c . N at. Acad. S c i . 19* 714-716.

Thimann, K. V ., and P . Skoog. 1934. On th e  in h ib i t i o n  o f bud
developm ent and o th e r  fu n c tio n s  o f  growth su b stan ce  in  Y ic ia  
fa b a . P ro c . Roy. Soc. B 114* 317-339.

R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited w ithout perm ission.



34

TJdenfriend, S . ,  W. M. Loveriberg, and A. S joerdsm a. 1959* Physio­
lo g ic a l ly  a c t iv e  am ines in  common f r u i t s  and v e g e ta b le s . A rch. 
Biochem. B iophys. 85: 487.

U denfriend , S . ,  C. R. G rev e lin g , H. P o sn er, B. C. R e f ie ld , J .  D aly , 
and B. W itkop. 1959. I n a b i l i t y  o f  tryp tam ine  to  se rv e  a s  a  
p re c u rso r  o f  s e ro to n in . A rch. Biochem. B iophys. 83: 501.

Went, P . W. 1939* Some experim en ts on bud grow th. Am. J .  B ot. 26: 
109-117.

W ilk in s, M. B. The physio logy  o f  p la n t  growth and developm ent. New 
York: M cgraw -H ill, 1969.

Wurtman, R. J . , J .  A xelrod , and D. E . K e lly . The p in e a l . New York: 
Academic P re s s ,  1968 .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited w ithout perm ission.


	The Effect of Indoleacetic Acid and Related Chemicals on Growth Patterns of Decapitated Bean Plants
	Recommended Citation

	tmp.1511297531.pdf.xgo3Z

