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ABSTRACT

The e ffe c t  of geo trop ic  s tim u la tio n  on auxin production 

in  V icia faha roo t t ip s  v/as s tu d ied . Paper chromatography tech

niques were used to  separa te  the  growth substances. Three assay  

methods (oat f i r s t  in te m o d e , oat c o le o p tile  and pea roo t se c tio n  

t e s t s )  were used fo r  the  d e tec tio n  and estim ation  o f growth sub

stances on chromatograms.

An assessm ent was made of a number o f sources of e rro r  

in  the  p rep a ra tio n  of m a te ria l and the e x tra c tio n , p u r if ic a t io n  

and chromatography of e x tra c ts .

Geotropic s tim u la tio n  brought about an increased  sy n th esis  

of an e th e r  so lub le  ac id  auxin in  roo t t i p s .  The maximum amount 

was formed a t  20 minutes s tim u la tio n  and th is  f e l l  to  the  minimum 

va lue , recorded a f t e r  40 m inutes s tim u la tio n .

The auxin content from lo n g itu d in a lly  s p l i t  ro o t t ip s  was 

le s s  than th e  auxin content from whole roo t t i p s .  This decrease 

was thought to  be an a r te f a c t  caused by lo n g itu d in a l c u tt in g  o f the  

ro o ts . No d iffe ren c e  was found in  the  auxin content between the  

upper and lower h a lf  o f th e  t i p .

The w ater so lub le  auxins of whole and s p l i t  ro o ts  were 

in v e s tig a te d . Geotropic s tim u la tio n  produced a change in  content



o f a l l  th e  aux ins.

Colour t e s t s  and f lu o r im e tr ic  analyses were made on the 

w ater so lub le  f r a c t io n .  4 -dihydroxyphenylalanine and try p to 

phan were id e n tif ie d  from the w ater so lub le  f r a c t io n .  Substances 

g iv ing  a  phenolic re a c tio n  coincided w ith a reas  of h igh growth 

a c t iv i ty .  A lkaline  hyd ro ly sis  revealed  the  presence of w ater 

so lub le  indole complexes.



ABBREVIATIONS USED :

lAA 

IAN 

IPyA 

lAEt 

lAcAsp.

In d o ly l -  3 -  a c e tic  acid

In d o ly l -  3 -  a c e to n i t r i le

In d o ly l -  3 -  pyruvic ac id

E thyl e s te r  o f lAA

3 -  in d o ly la c e ty l a sp a r t ic  ac id .
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CHAPTER I

INTRODUCTION

• Modem p h y s ic a l and chem ical methods o f  a n a ly s is ,  to g e th e r  

w ith  h io a ssa y  te c h n iq u e s , have rev e a le d  th e  p resence  o f many growth 

r e g u la t in g  su b s tan ces  i n  p la n ts .  Many o f th e se  a re  known on ly  by 

v i r tu e  o f t h e i r  R^ v a lu es  in  s p e c i f ic  chrom atographic s o lv e n ts ,  

c o lo u r r e a c t io n s  and b io a ssa y  resp o n se . R e la tiv e ly  few have been 

i d e n t i f i e d  ch em ica lly  because o f th e  ex trem ely  low c o n c e n tra tio n  o f 

th e se  growth su b s tan ces  i n  p la n ts .  The s p e c i f ic  manner in  which 

th e y  re g u la te  growth i s  s t i l l  u n reso lv ed . From th i s  wide range o f 

compounds w ith  growth re g u la t in g  a c t i v i t y  one group has s to o d  

p re-em inen t f o r  many y e a rs . These a re  th e  in d o le  compounds, two o f 

which a re  now reco g n ised  as a u x in s , i . e .  a p la n t  growth su b stan ce  

c h a ra c te r is e d  by th e  p ro p e r ty  o f s t im u la tin g  e x te n s io n  growth in  

c e l l s  in  b io assa y  t e s t s ,  Audus (1959). For many y ears  3 - in d o ly l -  

a c e t ic  a c id  (lAA) has been thought o f as an au x in , indeed  th e  on ly  

aux in  in  p la n t s .  The r e la t io n s h ip  o f th e  growth re g u la t in g

a c t i v i t y  o f lAA to  th e  ex te n s io n  growth o f shoot and ro o t c e l l s  has 

been e x te n s iv e ly  s tu d ie d . 3 - in d o ly la c e to n i t r i l e  (IAN) i s  now re c 

ognised  as an aux in  s in c e , in  a few t i s s u e s  on ly , i t  does f u l f i l  th e  

fu n c tio n s  o f an au x in .

D esp ite  much work l i t t l e  i s  known about many a sp e c ts  o f 

ro o t  growth and tro p ism s . I t  was Darwin (1880) who showed i t  was 

th e  t i p  a lone  th a t  was s e n s i t iv e  to  g e o tro p ic  s tim u lu s  and th a t  when
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i t  was stim ulated  i t  caused the regions behind i t  to  bend. In  

general removal o f  1 .0 -1 .5  mm. o f the t ip  was s u f f ic ie n t  to  prevent 

bending of the r a d ic le . He a lso  found th at c u ttin g  o f f  a t ip  o f a 

r a d ic le  p laced h or izon ta l fo r  1-2  hours did not prevent the r a d ic le s  

from bending. From th ese  experiments Darwin concluded that the root 

t ip  alone was s e n s it iv e  to  g r a v ity . He thought that the t ip  tran s

m itted  sane in flu en ce  or stim ulus to a part o f  the ra d ic le  which 

grows qu ickest and under the in flu en ce  o f g ra v ity  bends most.

Follow ing  t h i s  work were th e  d e c a p ita t io n  experim ents o f W eisner ( I 884 ) , 

Cholodny (1924 and 1926) and Sunning (1928) which showed th a t  removal 

o f th e  ro o t t i p  gave a sm all growth s t im u la t io n . Cholodny (1926) 

re p la c e d  th e  t i p  on m aize ro o ts  and found growth was re ta rd e d  a g a in . 

P re v io u s ly  he had found, Cholodny (1924) ,  he could r e ta r d  th e  growth 

o f d e c a p ita te d  ro o ts  by reh ead in g  them w ith  c o le o p ti le  t i p s .  In  

a d d it io n  he confirm ed t h a t  d e c a p ita te d  ro o ts  were in s e n s i t iv e  to  

g ra v i ty  and th a t  th e  ro o ts  would re g a in  most o f t h e i r  s e n s i t i v i t y  to  

g ra v i ty  i f  reheaded w ith  ro o t o r c o le o p t i le  t i p s .  K eeble, Nelson 

and Snow (l9 3 1 a) confirm ed Cholodny*s work. From th ese  experim ents 

and work on c o le o p t i le  d e c a p ita t io n  experim ents by Soding (1925) th e  

fo llo w in g  co n c lu sio n s  were drawn. Both th e  ro o t t i p  and th e  

c o le o p t i le  t i p  " s e c re te "  a su b stan ce  which re ta rd e d  ro o t grow th. Dy 

a com parison o f th e  a c t i v i t y  o f th e  substance  i n  ro o t t i p s  w ith  th e  

a c t i v i t y  o f aux in  from c o le o p ti le s  i n  th e  Avena c u rv a tu re  t e s t ,  Vfent 

(1928 ) th e  growth a c t iv e  substance  i n  ro o ts  was though t to  be an 

a u x in . L a s tly  t h i s  aux in  in  th e  ro o t t i p  enabled  th e  ro o t to  respond 

to  g ra v i ty .
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Cholodny (l9 2 6 ) came to  a number o f  co n c lu sio n s  and th e s e  

wepe: "Growth hoimones p la y  an e s s e n t ia l  r o le  in  th e  mechanism o f

th e  g e o tro p ic  r e a c t io n ."  "In  v e r t i c a l l y  p lac ed  stems and ro o ts  th e  

growth r e g u la t in g  su b s tan ces  a re  e q u a lly  d i s t r ib u te d  on bo th  s id e s ."  

*'As soon as th e s e  organs a re  p laced  in  a h o r iz o n ta l  p o s i t io n  th e  

norm al d i f fu s io n  o f  th e  hormones i s  d is tu rb e d ;  th e  upper and low er 

c o r t i c a l  c e l l s  now o b ta in  d i f f e r e n t  amounts o f th e s e  su b s ta n c e s ."

T his unequal d i s t r ib u t i o n  i s  a sc r ib e d  to  a p h y s io lo g ic a l  p o l a r i ty  

induced  by g r a v i ty .  Went (1926) had lik e w ise  come to  th e  same 

c o n c lu s io n s . "G eo trop ic  p e rc e p tio n  i s  caused by a p o la r  a l t e r a t i o n

in  th e  c o le o p t i le  c e l l s  .........  in s te a d  o f  moving r e c t i l i n e a r l y  th e

growth r e g u la to r s  a re  more s tro n g ly  conveyed tow ards t h a t  s id e  which 

u nder g e o tro p ic  s t im u la t io n  was tu rn ed  downwards.** From th e  work 

o f Cholodny and Went a  g e n e ra l th e o ry  o f  p la n t  tro p ism s was developed 

and was c a l le d  th e  Cholodny-Went th e o ry . T his i s  as fo llo w s . 

**Growth-curvatures w hether induced  by in te r n a l  o r e x te rn a l  f a c to r s ,  

a re  due to  an unequal d i s t r ib u t io n  o f aux in  between th e  two s id e s  o f 

th e  c u rv in g  o rgan . In  th e  tro p ism s induced  by l ig h t  and g ra v i ty  

th e  unequal aux in  d i s t r ib u t i o n  i s  brought about by a p o la r i s a t io n  o f 

th e  c e l l s ,  which r e s u l t s  i n  l a t e r a l  t r a n s p o r t  o f th e  a u x in ."

E xperim ental ev idence which seemed to  c o n f im  th e  Cholodny- 

Went th e o ry  was found by Havker (1932). She p laced  Zea mays ro o ts

h o r iz o n ta l ly .  A f te r  3 hours she cu t o f f  th e  t i p s ,  se p a ra te d  them 

in to  upper and low er h a lv es  and p laced  each h a l f  onto h a l f  a
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d ecap ita ted  root and measured the curvature induced. The h a lf  t ip  

which had been lowermost during stim u la tion  gave three tim es as b ig  

a curvature as was g iven  by the h a lf  t ip  which had been uppermost 

during the stim u la tion  p eriod . F in a lly  Boysen Jenson (l933b) placed  

seed lin g s  o f V icia  faba h o r iz o n ta lly  fo r  4 hours, cut o f f  the root 

t ip s  and placed th ese  h o r iz o n ta lly  aga in st 2 agar blocks fo r  2-5 hours. 

When th ese  blocks were placed u n i- la t e r a l ly  on decap itated  Avena 

c o le o p t i le s  a greater  curvature was obtained from the blocks in  con

ta c t  w ith the under h a lf  o f h or izon ta l root t ip s .

The is o la t io n  o f lAA from various sources by Kogl e t  a l  

(1934)5 Thimann (Ï935&) and Avery Burger and Shaluca (1941) were 

important advances ( in  growth work). This l a t t e r  is o la t io n  o f lAA 

was o f in te r e s t  for  two reason s. I t  was the f i r s t  is o la t io n  from a 

higher p lant and the lAA had to  be re lea sed  from a bound in a c t iv e  

form by a lk a lin e  h y d ro ly s is . A major contrib u tion  to  the study o f  

endogenous growth substances was provided by Bennet-C lark , Tambiah 

and K efford ( l9 5 l)*  They app lied  the p r in c ip le s  o f paper chromato

graphy to  the problem of the separation  and i s o la t io n  o f growth 

a c tiv e  substances in  p la n ts .

In  the eth er so lu b le  acid  fra c tio n  o f roots Bennet-C lark  

and K efford (l9 5 3 ) and K efford (1955) found two other growth reg u la t

in g  compounds in  ad d ition  to  lAA. Using isopropanol, ammonia, 

water as chromatography so lv en t they found "accelerator oc " near the  

s ta r t in g  l in e  and " in h ib ito r  p " between lAA and the so lven t fr o n t .
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These two new su b s tan ces  have a ls o  been found hy Lexander (1953), 

Thuiman and S t r e e t  ( i9 6 0 ) . With a d i f f e r e n t  s o lv e n t,  iso b u ta n o l, 

m ethano l, w a te r, L a h ir i  and Audus (1960) have found A P (i) a t  th e  

^^accelera to r a " p o s i t io n ,  " in h ib i to r  p " and a new grov/th prom oter 

A P ( i i i )  a t  th e  so lv e n t f r o n t .  "A c ce le ra to r  a " and A P (i) bo th  

showed th e  same c h a r a c t e r i s t i c  behav iour o f prom oting both c o le o p t i le  

and ro o t segnen t growth, A P ( i i i ) was more c h a r a c t e r i s t i c  o f known 

au x in s in  t h a t  i t  promoted c o le o p ti le  growth but in l i ib i te d  ro o t 

segment growth a t  th e  same c o n c e n tra tio n .

R ecen tly  work has been co n cen tra ted  on th e  w a ter so lu b le  

e th e r  in s o lu b le  f r a c t io n  o f ro o t e x tr a c ts  which have been found to  

have s u b s ta n t ia l  aux in  a c t i v i t y ,  B r i t to n ,  Housley and B en tley  (1956) , 

Audus and Gunning (1958) , L a h ir i and Audus (196O), Thurman and 

S t r e e t  (196O). The aux ins o f  th e  w ater so lu b le  f r a c t io n  showed a 

spontaneous i n t e r c o n v e r t i b i l i t y  on e lu t io n  and rechrom atography, 

B r i t to n  e t  a l  (1956) , Audus and Gunning (1958) .  L a h ir i  and Audus 

( i 960 ) were a b le  to  re p e a t  t h i s  i n t e r c o n v e r t i b i l i t y  u s in g  a n e u tr a l  

chrom atography s o lv e n t.  Thurman and S tr e e t  were unab le  to  f in d  

t h i s  phenomenon and suggested  i t  was due to  "e x c e ss iv e ly  loaded  

chrom atogram s." B r i t to n  e t  a l  d id  u se  an ammoniacal so lv e n t which 

ren d e red  su sp ec t t h e i r  r e s u l t s  on i n t e r c o n v e r t i b i l i t y ,  because i t  

has been shown th a t  ammoniacal so lv e n ts  le a d  to  a d e s tru c t io n  o f 

w a te r so lu b le  growth su b s ta n c e s , Housley and B en tley  (1956) . The 

N itsch  chrom atography a r t e f a c t  should a ls o  be taken  in to  acco u n t.
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What t h i s  a r t e f a c t  i s  w i l l  he d iscu ssed  both  i n  C hapter I I ,  i n  th e  

s e c t io n  on chrom atography and in  C hapter I I I  under th e  head ing  o f 

"The N itsch  chrom atography a r t e f a c t . **

The v a lu e s  recorded  f o r  th e  c o n c e n tra tio n  o f aux in  in  

r o o t s ,  w ith  s p e c ia l  re fe re n c e  to  th e  aux in  a t  th e  lAA p o s i t io n ,  

show a  la rg e  v a r i a t i o n .  Audus and Thresh (1956) found l.O yug/K g

i n  P i sum r o o ts .  L in se r  and Maschek (l953 ) gave a va lu e  o f  2 .0  x l 6 “\ î  

o r  ap p ro x im ate ly  35yig/K g in  Eras s i  ca ro o ts .  L a h ir i  and Audus (1961) 

re p o r te d  a  f ig u re  o f 50 from V ic ia  faba r o o ts .  P i l e t  (195I  and

1952 ) u s in g  Lens ro o ts  and Moewus e t  a l  (1952) working on Lepidium 

b o th  re p o r te d  v a lu e s  o f  10~%  o r app rox im ate ly  I 70 y g /k g . At th e  

moment th e  p h y s io lo g ic a l  s ig n if ic a n c e  o f t h i s  wide range o f v a lu e s  

f o r  th e  c o n c e n tra tio n  o f lAA o r lA A -like  su b s tan ce  i s  no t c le a r .

I t  i s  n e c e ssa ry  t h a t  th e  chem ical i d e n t i t y  o f t h i s  aux in  i n  ro o t 

t i s s u e s  be s e t t l e d  beyond do u b t. Then s ta n d a rd is e d  e x t r a c t io n ,  

p u r i f a c t io n  and b io a s sa y  tech n iq u es could be used  and u s e fu l  compar

a t i v e  s tu d ie s  could  be made. I t  a ls o  seems ap p aren t t h a t ,  f o r  

com parison p u rp o ses , ro o t t i s s u e  o f s im ila r  p h y s io lo g ic a l age shou ld  

be u sed  from which th e  grovrth su b stan ces could  be e x tr a c te d .

Ever s in c e  th e  i s o l a t i o n  o f lAA th e re  have been many p ap ers  

on th e  e f f e c t  o f lAA on ro o t grow th. These experim ents have in c lu d e d  

woik on i n t a c t  ro o t  system s, d e c a p ita te d  whole ro o ts  and e x c ise d  ro o t 

s e c t io n s .  The g e n e ra l response  o f ro o t system s and ro o t s e c t io n s  to  

exogenous lAA was an in h ib i t io n  o f grow th. However i n  many cases
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r o o ts  have been re p o r te d  as respond ing  to  an ex trem ely  low concen

t r a t i o n  ( c i r c a  10 ^M) by a s l i g h t  growth s t im u la tio n , Audus and

G arrard  (1953), Audus and Thresh (1953), Moewus (1949), Swanson 

(1946 ) and L ib b e r t (1957%).

The im p lic a tio n s  of t h i s  sm all s t im u la tio n  by lAA on ro o t 

grow th were im p o r ta n t. Some peop le , Aberg (1957), doubted th e  

r e a l i t y  o f th e  lAA induced  s t im u la tio n  and suggested  i t  was due to  

a d a p ta t io n  and a f t e r  e f f e c t .  L arsen  (1961) regarded  th e  s t im u la tio n  

as r e a l .  Because o f th e  h i ^  c o n c e n tra tio n  o f endogenous aux in  i n  

ro o ts  re p o r te d  by v a rio u s  w orkers, Aberg (1957) found i t  d i f f i c u l t  to  

u n d e rs tan d  how f u r th e r  a d d it io n  o f lAA could  s t im u la te  ro o t growth 

s in c e  presum ably th e  c o n c e n tra tio n  o f  aux in  was sup ra  optim al i n  ro o t  

c e l l s .  Recent woik however has suggested  th a t  th e  assum ption o f 

th e re  b e in g  a su p ra  optim al c o n c e n tra tio n  o f  auxin  i n  ro o ts  may n o t 

be c o r r e c t .  Audus and Das (1954) have in d ic a te d  th a t  th e  le v e l  o f 

aux in  in  ro o ts  may no t be sup ra  o p tim a l. The c a re fu l  d e c a p ita t io n  

experim en ts o f  YouAts (1954) have shown th a t  removal o f th e  ro o t 

m eristem  has no t le d  to  an in c re a s e  in  ro o t e x te n s io n  grow th. 

Humphries (1958) rev e a le d  th a t  removal o f  up to  h a l f  o f th e  ro o t  o f  

ry e  and b a r le y  d id  no t change th e  growth r a t e  from th a t  o f th e  

i n t a c t  p l a n t .  A ll t h i s  d is se n s io n  seems to  suggest th a t  our know

led g e  o f  th e  growth re g u la t in g  p ro cesses  in  ro o ts  i s  i n s u f f i c i e n t .

The r e la t io n s h ip  o f geotropism  to  endogenous growth re g u l

a t i n g  su b s ta n c es  needs much c l a r i f i c a t i o n .  I f  th e  Cholodny-Went
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th e o ry  i s  accep ted  then  th e  g e o tro p ic  response  was due to  a l a t e r a l  

r e d i s t r i b u t i o n  o f  th e  t o t a l  f r e e  auxin  co n ten t w ith in  th e  ro o t .

T his concept was suppo rted  by Havker ( l9 3 2 ) , Boysen Jensen  (l933c) 

and L arsen  (1956) . Audus and L a h ir i (1961) however have c a s t  

doubt on th e  work o f Havker and Boysen Jensen  fo r  no t hav ing  p ro p er 

c o n tr o ls ,  i . e .  r e s u l t s  from v e r t i c a l  r o o ts .  O ther w orkers mean- 

v /hile had found ev idence which suggested  th a t  g e o tro p ic  s t im u la tio n  

d id  induce  in c re a s e d  aux in  p ro d u c tio n . Schm itz (l9 3 3 ) found more 

aux in  in  th e  low er h a l f  o f g e o tro p ic a l ly  s tim u la te d  g ra s s  nodes. 

B rain  (1942) found more aux in  i n  the  h o r iz o n ta l  hypoco ty ls o f 

Lupinus and van Overbeek e t  a l  (1945) found an aux in  in c re a s e  in  th e  

nodes o f  h o r iz o n ta l  su g a r cane e s p e c ia l ly  i n  th e  growth r in g s .

Larsen  (1956) c r i t i c i s e d  th e  conc lu sions drawn from th e  

r e s u l t s  o f Schmitz and B rain  on th e  grounds th a t  in c re a se d  aux in  

p ro d u c tio n  could  only  be dem onstrated i n  experim ents o f compar

a t i v e ly  lo n g  d u ra tio n , i . e .  th re e  to  fo u r h o u rs , whereas some geo

t r o p ic  c u rv a tu re s  become v i s ib le  a f t e r  a few m inu tes. T his 

c r i t i c i s m  c e r t a in ly  could  no t be a p p lie d  to  th e  r e s u l t s  o f Audus and 

L a h ir i  (196I )  who found an in c re a se d  aux in  p ro d u c tio n  w ith in  45 

m inu tes i n  V ic ia  f a b a . The re a c t io n  tim e f o r  V ic ia  ro o ts  was found 

to  be 36 m in u te s . R u fe lt  (195? )  suggested  th a t  g e o tro p ic  curva

tu r e s  i n  d ia g e o tro p ic  ro o ts  could no t he due to  au z in  r e d i s t r i b u t i o n  

because  th e re  mas a  t o t a l  decrease  in  growth r a te  d u rin g  th e  geo

t r o p ic  r e a c t io n .  T his d ecrease  in  growth r a t e  was a ls o  found by
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B en n e t-C la rk  e t  a l  ( l9 5 9 ) . The r e s u l t s  o f  Audus and Brownhridge 

( 1957 ) le d  to  t h e i r  su g g e s tin g  a d i f f e r e n t  mechanism to  accoun t f o r  

th e  o v e r a l l  r e d u c t io n  in  grovrth r a t e  and grow th c u rv a tu re  t h a t  th e y  

o bserved  i n  t h e i r  ex p e rim en ts . They su g g ested  a "de novo" p ro d u c t

io n  o f  a ro o t  grow th i n h ib i t o r  i n  th e  low er h a l f  o f  th e  ro o t  t i p .  

B en n et-C la rk  e t  a l  (1959) su p p o rted  th e  su g g e s tio n  o f  Audus and 

Brownbridge b u t were no t a b le  to  dem onstra te  a **de novo** p ro d u c tio n  

o f  grow th su b s ta n c e . Audus and L a h ir i  (196I )  were a b le  to  show a 

la r g e  and ra p id  p ro d u c tio n  o f an lAA l ik e  au x in  i n  th e  ro o t  t i p  as 

a  w hole.

The purpose o f t h is  in v e s t ig a t io n  was to  check the rapid  

production  o f  auxin found by Audus and L ahiri (196I ) .  In  a d d itio n  

the r e la t io n sh ip  o f  A P ( i i i )  to  A P (ii)  was to  be in v e s t ig a te d .

Audus and L a h ir i  had though t t h a t  A P ( ii)  m ight have been r e le a s e d  

from A P ( i i i )  by an enzyme g e n e ra te d  d u r in g  geo t r o p ic  s t im u la t io n .

I t  was hoped to  ex tend  th e  in v e s t ig a t io n  to  lo n g i tu d in a l ly  s p l i t  

r o o t s .  From th e s e  experim en ts i t  m ight be p o s s ib le  to  lo c a te  th e  

l a r g e  and ra p id  p ro d u c tio n  o f  th e  lA A -like  a u x in . The amounts o f  

t h i s  a u x in  i n  u p p er and low er h a lv e s  o f  ro o ts  d u rin g  g e o tro p ic  

s t im u la t io n  co u ld  be re c o rd e d . From th e se  r e s u l t s  some in d ic a t io n  

a s  to  th e  v a l i d i t y  o f  th e  Cholodny-Went th e o ry  a s  a p p lie d  to  r o o ts  

co u ld  be g a in e d .
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CHAPTER I I

MATERIALS AND METHODS

( i ) P la n t  m a te r ia l  u sed  f o r  e x t r a c t io n  o f  grow th su b s ta n c es

A ll  e x t r a c t io n s  were done on broad b eans. V ic ia  fab a  v a r .  

L ev ia th a n  were bought from M essrs. C a r te rs  T ested  Seeds L td .

The seeds were soaked in  w a te r p r io r  to  p la n t in g  o u t .  I n  

summer th e  seed s were soaked f o r  24 hou rs in  a e ra te d  ru n n in g  w a te r 

i n  a  p l a s t i c  bow l. I n  w in te r  th ey  were soaked f o r  10 hours i n  s t i l l

w a te r  a t  23-25^C. The w a te r was renewed ev ery  2 h o u rs . They were

th e n  p la c e d  i n  ru n n in g  ta p  w a te r f o r  ap p ro x im ate ly  36 h o u rs . These 

p ro c e d u re s  en su red  tu r g id  seeds w ith  th e  r a d ic le  showing s ig n s  o f 

g row th . The seed s were p la n te d  r a d ic le  downward in  washed s t e r i l i s e d  

m o is t sand i n  seed  p a n s , 25 cm. x 25 cm. x 10 cm. A la y e r  o f  damp 

sand was sp re ad  over th e  seeds and then  covered  w ith  a g la s s  p l a t e  to  

red u ce  e v a p o ra tio n . The se e d lin g s  were grown in  th e  dark  a t  25°C 

f o r  72 h o u rs .

( i i  ) M a te r ia l  u sed  f o r  th e  b io a s sa y  tec h n iq u e s

T hree b io a s sa y  methods were used  in  a s sa y in g  f o r  grow th 

a c t iv e  s u b s ta n c e s . These were (a )  Avena f i r s t  in te rn o d e  t e s t  (b )

Avena c o le o p t i l e  t e s t  (c )  Pea ro o t a s sa y .

(a )  The Avena f i r s t  in te m o d e  a ssa y

Avena s a t iv a  v a r .  (B lenda) seeds were soaked i n  ta p  w a te r  

f o r  two h o u rs  i n  d a rk n e ss . The seeds were sown on m o is t washed
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s t e r i l i s e d  sand i n  g la s s  h a lf  b r ic k s .  A th in  la y e r  o f  sand was 

s p r in k le d  over th e  seed s and a n o th e r  h a l f  h r ic k  p la c e d  on top  to  reduce  

e v a p o ra t io n . The s e e d lin g s  were grown i n  com plete d a rk n ess a t  25^C 

f o r  72 h o u rs .

(b )  The Avena c o le o p t i l e  t e s t

The m a te r ia l  was p rep a red  and grown as f o r  th e  f i r s t  i n t e r 

node a s sa y  e x cep t t h a t  s ix te e n  hours b e fo re  h a rv e s t in g  th e  s e e d lin g s  

were exposed to  red  l i g h t  f o r  te n  m inutes from a s a f e l ig h t  covered  

w ith  a Kodak s e r i e s  1 red  f i l t e r .  This p rocedu re  reduced  f i r s t  i n t e r 

node e lo n g a tio n  and prom oted c o le o p t i le  grow th.

(c )  Pea ro o t  a ssa y

P i sum sativum  v a r .  (Afeteor) seeds were soaked in  ru n n in g  

ta p  w a te r  i n  a p l a s t i c  bowl fo r  36 h o u rs . The seeds were p la n te d  

r a d i c le  downward i n  sand to  g iv e  s t r a ig h t  ro o t  grow th. The grow th 

p e r io d  was 72 hours i n  d ark n ess a t  25°C.

( i i i )  E x tr a c t io n  o f growth a c t iv e  su b s tan ces  

O r ig in a l  m ethods

Three day o ld  V ic ia  faba se e d lin g s  w ith  uniform  s t r a i g h t  r o o ts  

were s e le c te d  and a 7 .0  mm. t i p  cu t o f f  from each ro o t w ith  a  s p e c ia l  

c u t t e r .  (P ig . l ) .  Each sample c o n s is te d  o f  100 r o o t s .  The t i p s  were 

c o l le c te d  i n  50 m l. i n d u s t r i a l  m eth y la ted  s p i r i t s .  The f la s k  and

a lc o h o l were k e p t a t  O^C in  an ic e  b a th . The ro o t m a te r ia l  was

m acera ted  in  a Magimix a t  O^C, the f i n a l  volume made up to  I 5O m l. and

th e  m acera te  s to r e d  in  th e  deep fre e z e  a t  —18 C i n  darkness f o r  I 8 h o u rs

A f te r  ap p ro x im ate ly  one y e a r  i t  was dec id ed  t h i s  method d id
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FiK. 1 .

A pparatus f o r  c u t t i n g  o f f  whole ro o t t i p s  o f  a known 

un ifo rm  leng th*  There i s  an a d ju s ta b le  s to p  to  

p e rm it th e  e x c is io n  o f  v a r ia b le  le n g th s  o f  ro o t t i p .
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no t f re e z e  th e  ro o ts  s u f f i c i e n t l y  q u ick ly  and i t  was m odified  as fo llo w s , 

A d ry  $00 m l. wide mouth heaker was suspended in  a vacuum f la s k  c o n ta in 

in g  a f re e z in g  m ix tu re  o f s o l id  CÔ  and e th a n o l a t  -70°C . The ro o t

t i p s  were cu t in to  t h i s  heaker and fro ze  w ith in  15 seconds hy h e a t t r a n s 

f e r  th rough  th e  w all o f  th e  h eak e r. The frozen  m a te r ia l  was q u ick ly  

t r a n s f e r r e d  to  a co ld  p e s t l e  and m o rta r . Two m l. cold a lco h o l was 

added to  th e  ro o ts  and th e y  were r a p id ly  and f in e ly  ground. The h r e i  

was washed in to  a c o n ic a l f l a s k  and th e  f i n a l  volume made up to  70 m l.

The f la s k  v/as corked and s to re d  in  darkness i n  th e  deep fre e z e  a t  ~l8^C

f o r  18 h o u rs .

P re se n t method

The method was f i n a l l y  m odified  fo r  u se  w ith  a f re e z e -d ry  

a p p a ra tu s . The ro o ts  were fro zen  as  d e sc rih e d  and crushed r a p id ly  in
i

a d ry  p e s t le  and m o rta r . The crushed fro zen  ro o t m a te r ia l  was t r a n s 

f e r r e d  to  co ld  f re e z e  d ry  f la s k s  and s to re d  a t  -18^C u n t i l  re a d y  f o r  

f re e z e  d ry in g . At no tim e was th e  fro zen  m a te r ia l  allow ed to  thaw .

W ith fo u r  f la s k s  each c o n ta in in g  1 .0  g . f r e s h  w eight ro o t m a te r ia l  th e  

f re e z e  d ry in g  p e rio d  was s ix  h o u rs . The d r ie d  m a te r ia l  was pu t in to  

a d ry  w eighing b o t t l e ,  corked and s to re d  in  a d e s s ic a to r  a t  2-3°C in  

th e  d a rk . Each sample o f f re e z e  d r ie d  m a te r ia l  eq u iv a len t to  100 ro o ts  

was e x tra c te d  w ith  70 m l. m ethanol f o r  18 hours a t  -18^C. When th e  

f re e z e  d r ie d  m a te r ia l  was tak en  out o f th e  r e f r i g e r a to r  the  m ethanol was 

added w ith in  1-2  m in u te s . This was to  p rev en t the  enzymes in  th e  

f re e z e  d r ie d  m a te r ia l  from becoming a c t iv e  w ith  the  r i s e  in  tem p era tu re  

from 2-3^0 to  ap p ro x im ate ly  20^0.
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At the  b eg inn ing  of th e  experim ents, i n d u s t r i a l  m ethy lated  

s p i r i t s  was used  as th e  e x t r a c ta n t .  Follow ing a d isc u ss io n  w ith  

Dr. J .P .  ITitsch pure m ethanol was used  to  e x tr a c t  growth su b s tan ces .

The rea so n  f o r  th e  change was th e  p resence  o f an im p u rity  in  th e  m ethyl

a te d  s p i r i t s .  T his w il l  be m entioned ag a in  i n  Chapter I I I  i n  th e  

s e c t io n  on i n d u s t r i a l  m ethy la ted  s p i r i t s .

( iv )  Organic so lv e n ts  and methods o f p u r i f ic a t io n

D uring th e  cou rse  o f  th e  in v e s t ig a t io n  th e  fo llow ing  s o lv e n ts

were u sed . I n d u s t r i a l  m ethy lated  s p i r i t s ,  r e c t i f i e d  s p i r i t s ,  m ethanol

(Ct . P . R .  s ta n d a rd ) , iso b u ta n o l (A nalar) and d ie th y l  e th e r  (A nalar, 

p e ro x id e  f r e e ) .  Some o f  th e se  had to  be p u r i f ie d .  The m ethanol was 

p u r i f ie d  by d i s t i l l a t i o n ,  the  e th e r  by d i s t i l l a t i o n  over anhydrous 

fe r ro u s  s u lp h a te .

(v) P u r i f i c a t io n  o f growth a c t iv e  f r a c t io n s

(a ) E th e r  so lu b le  a c id  f r a c t io n

The m ethanol e x t r a c t  was f i l t e r e d  under vacuum in to  a Duchner

f la s k  and the  p la n t  re s id u e  v/ashed w ith  2 .0  x 10 m l. a liq u o ts  o f

m ethanol. The m ethanol was f la s h  evaporated  o f f  a t  26°C under vacuum 

and 5*0 m l. d i s t i l l e d  w ater added to  th e  re s id u e  in  th e  f la s h .  This 

aqueous f r a c t io n  v/as a c id i f ie d  to  pH 3 .0  w ith  ^ /lO  H^PO  ̂ and then  

shaken w ith  fo u r su c ce ss iv e  15 .0  m l. a l iq u o ts  o f e th e r .  The e th e r  

f r a c t io n s  were pooled and p a r t i t io n e d  fo u r tim es a g a in s t 5^Aia HCO .̂

The a c id s  were removed from th e  b ica rb o n a te  f r a c t io n  by a c id ify in g  to  

pH 3 ,0  w ith  HgPO^ (S.G. lo ? 5 )  and e x tr a c t in g  fo u r tim es w ith 15 .0  m l. 

a l iq u o ts  o f e th e r .  The a c id  e th e r  f r a c t io n s  were combined and d r ie d  

o v e rn ig h t over anhydrous sodium s u lp h a te . The e th e re a l f r a c t io n s
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were reduced to  d ryness b e fo re  be ing  taken  up in  a sm all volume o f 

e th e r  and sp o tte d  onto a chromatogram. This f r a c t io n  v /il l  be r e f e r r e d  

to  as "The e th e r  so lu b le  a c id  f r a c t io n " .

(b ) The w ater so lu b le  ( e th e r  in s o lu b le )  f r a c t io n

The aqueous re s id u e  a t  pH 3 .0  a f t e r  e x tra c t io n  w ith  e th e r  was 

n e u tr a l i s e d  to  pH w ith Ba(OH)^. The n e u tr a l is e d  re s id u e  was

c e n tr ifu g e d  a t  2000 g . f o r  f iv e  m inutes and th e  su p e rn a tan t l iq u id  

poured o f f .  The p r e c ip i t a te  was washed w ith  5*0 m l. d i s t i l l e d  w ater 

and spun down a g a in . The washings were added to  t h e i r  re s p e c tiv e  

aqueous f r a c t io n s .  Each aqueous f r a c t io n  was f la s h  evaporated  i n  a 

r o ta r y  f la s h  e v ap o ra to r under vacuum a t  26°C to  a f in a l  volume o f 

app rox im ate ly  0 .5  m l. This gummy e x tr a c t  was taken  up in  5*0 m l. a lc o h o l. 

The rea so n  f o r  d is s o lv in g  the  gum in  a lc o h o l were two fo ld .  F i r s t l y  th e  

gum was i n  a r in g  around th e  in s id e  o f th e  f la s k  and could no t be go t o f f

u n le s s  tak en  up i n  e th y l a lc o h o l. Secondly when th e  gum was d is so lv e d

in  a lc o h o l i t  could  be sp o tte d  more e f f i c i e n t l y  onto a chromatogram 

because th e  a lc o h o l d r ie d  more q u ick ly  than  w a te r. A fte r  th e  r e s id u a l  

gum had been d isso lv e d  i n  e th an o l i t  was shaken fo r  one hour and th en  

reduced  to  approx im ate ly  0 .75  m l. under vacuum a t  26^C in  a m odified  

Thunberg tu b e . This tube  was shaken v ig o ro u s ly  fo r  h a l f  an hour on 

a m echanical sh a k e r and th en  s to re d  o v e rn ig h t a t  2-3°C. This e x t r a c t  

was known a s :  "The w a te r so lu b le  f r a c t io n " .

( v i ) H ydro lysis methods

(a )  A lk a lin e  h y d ro ly s is  w ith  7*0 H HaOH. (From B ennet-C laik and W heeler

(1959) -  s l i g h t l y  m o d if ied ) .

The w ater so lu b le  f r a c t io n  a f t e r  e x tr a c t io n  w ith  e th e r  a t



pH 3 .0  v/as brought to  pH 6 .0  w ith  Ba(OH)g and th e  p r e c ip i ta te  

c e n tr ifu g e d  down. The su p e rn a ta n t l iq u id  was decan ted  o f f  and reduced 

under vacuum to  a volume o f  app rox im ate ly  5*0>nil. One and a h a l f  m l.

7 .0  H Ha OH was added to  th e  e x tr a c t  i n  th e  b o i l in g  tu b e . The tube was 

l i g h t l y  plugged w ith  non-absorben t c o tto n  wool and immersed, above th e  

le v e l  o f l iq u id  i n  th e  tu b e , in  a b o i l in g  w a te r ba th  f o r  one hour.

The e x tr a c t  was brought to  pH 3 .0  w ith  H^PO^ (S.G. 1 .7 5 ) and 

e x tra c te d  w ith  e th e r  to  g ive th e  e th e r  so lu b le  a c id  and n e u tra l  f r a c t 

io n s  by a p re v io u s ly  d e sc rib e d  method. The re s id u a l  aqueous f r a c t io n  

was n e u tr a l i s e d  w ith  Ba(OH)^ and th en  t r e a te d  as d e sc rib e d  fo r  th e  

w a te r so lu b le  f r a c t io n .

(b) A lk a lin e  h y d ro ly s is  o f Tryptophan w ith  7 .0  H HaOH

One p o in t f iv e  m l. 7 .0  H HaOH was added to  60yug try p to p h an
I

i n  1 .5  m l. HgO con ta ined  in  a  b o i l in g  tu b e . The tube was immersed i n  

a b o i l in g  w ater b a th  f o r  one h o u r. The aqueous e x tr a c t  was b r o u ^ t  

to  pH 3 .0  and e x tra c te d  f o r  e th e r  so lu b le  a c id s .  The re s id u a l  aqueous 

f r a c t io n  was b r o u ^ t  to  pH 6 .0  and th en  p rep ared  f o r  chrom atography as 

d e sc r ib e d  f o r  th e  w ater so lu b le  f r a c t io n .

(c )  Acid h y d ro ly s is  w ith  2 .0  H HCl. (From B ennet-C laik and W heeler 

(1959 -  s l i g h t l y  m o d if ie d ) .

The same p rocedure  as used  in  th e  a lk a lin e  h y d ro ly s is  was 

adopted  except th a t  I .5  m l. 2 .0  H HCl was added to  th e  w ater so lu b le  

i n  th e  b o i l in g  tube  i n  p la c e  o f Ha OH. The pH a f t e r  h y d ro ly s is  was 

a d ju s te d  to  3 .0  w ith  Ba(OH)g. The e x tr a c t  was p a r t i t io n e d  a g a in s t  

e th e r  to  g ive  th e  a c id  and n e u tr a l  f r a c t io n s  by p rev io u s ly  d escrib ed
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m ethods. The r e s id u a l  aqueous f r a c t io n  v,^s t r e a te d  as d esc rih ed  

f o r  th e  w ater so lu b le  f r a c t io n .

( v i i ) Chromât ography

Paper p a r t i t i o n  chrom atography was used  e x te n s iv e ly  fo r  

th e  s e p a ra tio n  o f growth a c t iv e  su b s ta n c es . Two grades o f paper 

were u sed ; Whatman Ho. 2 and 3 M.M. The l a t t e r  paper was used  

most f re q u e n tly  e s p e c ia l ly  fo r  gummy e x tr a c ts  and because i t  was 

u n l ik e ly  th e  chromatograms could be "overloaded". The o v erlo ad in g  

o f chromatograms w i l l  be d iscu ssed  in  C hapter I I I .  A n e u tra l  chroma

to g ra p h ic  s o lv e n t:  iso b u ta n o l, m ethanol, w ater (80-5-15) was u se d ,

H itsch  (1956) . I n i t i a l l y  th e  e x is t in g  descending chrom atography 

a p p a ra tu s  was u sed . A f te r  a s e r ie s  o f a c c id e n ts  th e  method was 

abandoned and th e  ascend ing  method used  in s te a d .  For t h i s  a s t a in 

l e s s  s t e e l  tank  top  was designed  and made. (F ig . 2 ) . This top  

enab led  up to  fo u r  chromatograms to  be run  s im u ltaneously  i n  each 

tan k .

The growth a c t iv e  e x tr a c ts  were d isso lv e d  in  0 .75 m l.e th e r  

( e th e r  so lu b le  a c id s )  o r 0 .75  m l. a b so lu te  a lco h o l (w ater so lu b le  

f r a c t io n )  and sp o tte d  as a s t r i p  4*0 cm. from th e  end o f a 2 .0  x

36 .0  cm. chromatogram. The chromatograms were e q u il ib ra te d  f o r  s ix  

hours above th e  so lv e n t in  a g la s s  tank  w ith in  a la rg e r  g la s s  tank  

and bo th  covered by a l i g h t  p ro o f wooden box. The chromatograms 

were th en  lowered in to  th e  so lv e n t and run  fo r  15 h ou rs. At th e  

end o f t h i s  tim e th e  so lv e n t f ro n t  had moved 22-24 cms. S epara te  

m arker chromatograms were run  c o n c u rre n tly . The so lv en t in  th e
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S ta in le s s  s t e e l  chrom atography tan k  top  f o r  u se  in  

a scen d in g  chrom atography.
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bottom  o f th e  tank  v/as m ostly  changed a f t e r  each experim ent. A 

maximum o f two s e ts  o f chromatograms v/as pu t through each lo t  o f 

chrom atography so lv e n t and th en  i t  was d isc a rd e d . H itsch  and H itsch  

( i 960) dem onstrated  a chrom atographic a r t e f a c t  caused by the t r a n s f e r  

o f in d o le s  from th e  m arker chromatogram to  nearby  chromatograms.

T his w i l l  be d isc u sse d  in  C hapter I I I .

I t  was found t h a t  both g rades o f paper had to  be washed.

The rea so n  f o r  t h i s  w i l l  be g iven in  C hapter I I I .  The papers were 

washed f o r  2 days w ith  iso b u ta n o l, m ethanol, w ater by descending 

chrom atography. The papers v/ere d r ie d  overn igh t and s to re d  in  a 

po ly thene  bag.

( v i i i ) Root s t im u la tio n  a p p ara tu s  and method

O rig in a l ly  th e  ro o ts  were h o r iz o n ta l ly  s tim u la te d  i n  th e  

fo llo w in g  m anner. P ins were pushed through the  cotyledons to  ho ld  

th e  se e d lin g s  in  p o s i t io n  on coik  mats covered w ith  m oist f i l t e r  

p a p e r. The ro o ts  were o r ie n ta te d  in  a v e r t i c a l  p o s it io n  and no t 

to u ch in g  the  f i l t e r  p a p e r. Each cork mat stood i n  a c o n ta in e r  w ith  

w a ter in  th e  bottom . The ro o ts  were brought in to  a h o r iz o n ta l  

p o s i t io n  by tu rn in g  th e  mat through  90^* This method was d isca rd ed  

f o r  two re a so n s . F i r s t l y  th e  p ro x im ity  o f the  ro o ts  to  the  cork 

m ats p rev en ted  the  two newly designed  ro o t c u t te r s  from being u se d . 

Secondly th e  wear and t e a r  on th e  thumb pushing p ins through th e  

co ty ledons became e x c e ss iv e . The fo llo w in g  method was s u b s t i tu te d .

A le n g th  o f pe rspex  84 .0  cm. long 1 .2  cm. wide and 2 .0  cm. deep was 

mounted on a le n g th  o f wood s l i g h t l y  lo n g e r , b roader and deeper.
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S lo ts  1 .4  cm. wide and 1 .3  cm. deep were cu t i n  the  perspex  w ith  a 

gap o f 2 ,0  cm. between each s l o t .  S tic k in g  up through each s lo t  

to  a h e ig h t o f 1 .2  cm. were th re e  p in s e qui d i s t a n t ly  spaced. P a r t 

o f th e  ap p ara tu s i s  shown in  (P ig . 3 ) . The ap p ara tu s  was mounted 

h o r iz o n ta l ly  and so th a t  i t  could r o ta te  about i t s  own ax is  through 

90° . S eed lings w ith  unifo im  s t r a ig h t  ro o ts  were washed and th e  

co ty ledons pushed onto th e  p in s  w ith  th e  ro o ts  p o in tin g  v e r t i c a l l y  

downward. Drops o f w a te r on th e  ro o t t i p s  were g e n tly  b lo t te d  o f f .  

The ap p ara tu s  was r o ta te d  through 90^ b r in g in g  th e  ro o ts  in to  a 

h o r iz o n ta l  p o s i t io n .  A th re e  s id ed  re c ta n g u la r  perspex  box 90 .0  cm. 

X  7-5 cm. X 5*0 cm. was l in e d  on th e  in n e r  v e r t i c a l  and low er s u r 

fa c e s  w ith  wet co ttonw ool. This cover was p laced  in  p o s i t io n  w ith  

th e  ro o ts  in  th e  c a v i ty .  Po ly thene sh e e tin g  covered th e  open face
I

h e lp in g  to  reduce w a ter lo s s  from ev ap o ra tio n . Once every 10 min

u te s  th e  c a v i ty  was sprayed w ith  w ater from an a to m ise r to  keep th e  

atm osphere n e a r  100^ r e l a t i v e  hum id ity .

( ix ) ( a )  A pparatus f o r  c u t t in g  whole ro o t t ip s

A c u t t e r  was designed  f o r  c u t t in g  o f f  whole ro o t t i p s  o f 

a known le n g th . This i s  shown in  (F ig . 1 ) . The s to p  could  be 

a d ju s te d  p e rm itt in g  ro o t  t i p s  from 5*0 to  10 .0  mms. in  le n g th  to  

be cu t o f f .  The b lade  was a W ilkinson s t a in le s s  s te e l  Swordedge.

The ap p ara tu s  proved easy to  use  and ra p id  in  o p e ra tio n .

(b) A pparatus and method fo r  c u t t in g  ro o ts  in  h a l f  lo n g itu d in a l ly

The c u t t e r  c o n s is te d  o f two hinged p iec es  o f pe rspex , each 

1 .8  cm. Square and 6 .0  mm. th ic k .  From th e  edge o f the  m iddle o f
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P a r t  o f th e  ro o t s t im u la t io n  a p p a ra tu s  showing th e  

s l o t s  i n  th e  p e rsp ex  and th e  p o s i t io n  o f  th é  pens 

i n  th e  s l o t s .  The a p p a ra tu s  was mounted h o r iz o n t

a l l y  and so th a t  i t  could  he r o ta te d  th rough  any 

a n g le .
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each in n e r  fac e  a ta p e r in g  groove was c u t .  T h is i s  shown i n  (F ig . 4 ) , 

when th e  fa c e s  were c lo sed  th e  grooves jo in e d  to  form a ta p e r in g  h o le . 

An "average  d iam ete r"  r o o t ,  i . e .  1 .5 - 2 .0  mm. i n  d iam ete r, cou ld  he 

pushed in to  th e  h o le  a d is ta n c e  o f 7 .0 - 8 .0  mm. The rem ainder o f th e  

ro o t  was cu t o f f  le a v in g  a 7*00 mm. t i p  i n  th e  h o le . By s l id in g  a 

W ilk inson  Swordedge h lad e  betw een th e  ju n c t io n  o f th e  two fa c e s  th e  

ro o t t i p  was h e ld  i n  th e  h o le  and cu t in to  two lo n g itu d in a l  h a lv e s .

By m arking a few ro o ts  i t  was proved th a t  th e  o r ie n ta t io n  o f  th e  

ro o ts  was no t l o s t  d u rin g  c u t t in g .  The upper and low er h a lv e s  were 

p u t in to  s e p a ra te  h eak e rs  each  immersed i n  a f r e e z in g  m ix tu re  a t  - 70^0 . 

The tim e tak en  from th e  b eg in n in g  o f c u t t in g  to  th e  tim e th e  s e c t io n s  

dropped in to  th e  h eak e rs  was ap p ro x im ate ly  30 seconds.

(x ) B ioassay  methods
i

The Avena f i r s t  in te rn o d e  e x te n s io n  t e s t ,  th e  Avena c o le o p - 

t i l e  t e s t  and th e  pea ro o t e x te n s io n  a ssa y  were used  to  e s tim a te  th e  

grow th a c t i v i t y  o f  p la n t  e x t r a c t s .  The Avena f i r s t  in te rn o d e  a s sa y  

was u sed  to  a ssa y  th e  e th e r  so lu b le  a c id  f r a c t io n .  The c o le o p t i le  

t e s t  was u sed  to  a ssa y  f o r  a c t i v i t y  i n  th e  w a te r so lu b le  f r a c t io n s .

Pea ro o t  a ssa y s  were u sed  to  d e te rm in e  w hether growth a c t iv e  sub

s ta n c e s  would e f f e c t  e x te n s io n  i n  ro o ts  i n  a d d it io n  to  e x te n s io n  i n  

c o le o p t i l e s .

(a )  Avena f i r s t  in te rn o d e  e x te n s io n  t e s t

The tec h n iq u e  u sed  was based  on th e  method d e sc r ib e d  by 

H itsc h  and H itsc h  (1956). The c u t t e r  com prised two Durham Duplex 

b la d e s  w ith  a p e rsp ex  sp a c e r  s e p a ra t in g  th e  b la d e s . The b lad e s  and
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A pparatus used  to  s p l i t  ro o ts  in  h a l f  a lo n g  the  

lo n g i tu d in a l  a x is .  The a p p a ra tu s  has been 

o r ie n ta te d  to  show th e  groove in  each fa c e .

When th e  fa c e s  were c lo se d  th e  g rooves formed 

th e  h o le  in to  which th e  ro o t t i p  was pushed.
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sp a c e r  were b o lte d  to  an aluminium h o ld e r .  The two p a r a l l e l  b lad es  

cu t s e c t io n s  3 .0  mm. i n  le n g th . The c u t t e r  was used  in  c o n ju n c tio n  

w ith  a p e rsp ex  gu ide grooved on two f a c e s .  (F ig  g a ).

An 18*5 cm. Whatman Ho. 1 f i l t e r  p ap e r was fo ld ed  around 

a u sed  c le a n  d ry  p h o to g rap h ic  q u a r te r  p l a t e .  Two p a r a l l e l  p e n c i l  

l i n e s  were drawn 2 .0  mm. a p a r t  and p a r a l l e l  to  th e  main a x is  o f  th e  

p l a t e .  The f i r s t  in te rn o d e s  were a rra n g ed  w ith  th e  nodes on l in e  A 

as shown i n  (F ig . 5 b ). The gu ide was a rran g ed  a lo n g  l in e  B and 

s t r a d d l in g  th e  in te rn o d e s .  The c u t t e r  was p la c e d  a g a in s t  th e  fa c e  

o f  th e  guide a lo n g  l in e  B and th e  s e c t io n s  cu t w ith  a downward 

s l i c i n g  m otion . The tech n iq u e  gave s e c t io n s  3 .0  mm. i n  le n g th  and 

cu t 2 ,0  ram. from th e  node. T h ir ty  to  t h i r t y - f i v e  s e c tio n s  were 

cu t a t  each s tro k e  and a c u t t in g  r a t e  o f  app ro x im ate ly  300 p e r  hour 

was a t t a in e d .  The f i r s t  in te rn o d e  s e c t io n s  were soaked f o r  one 

hou r on m u slin  s t r e tc h e d  over g la s s  d i s t i l l e d  w a te r i n  a b e ak e r. 

A f te r  so ak in g  th e  s e c t io n s  were random ly d i s t r ib u t e d  in to  v i a l s .

A ll th e  m a n ip u la ti  ons were done un d er a Kodak S a fe l ig h t  w ith  a 

W ratten  O.A. ye llo w  g reen  f i l t e r  co v e rin g  a 60 w att b u lb .

(b ) Avena c o le o p t i le  t e s t  ( a f t e r  H itsch  and H itsch  1956)

I n  t h i s  t e s t  th e  two p e n c i l  l in e s  A and B were drawn

3 .0  mm. a p a r t .  The c o le o p t i l e s  were p laced  a t  l i ^ t  an g les  to  

th e  p a r a l l e l  l i n e s  and w ith  the  t ip s  j u s t  to u ch in g  l in e  A. The 

p e rsp ex  gu ide  was p la c e d  a lo n g  l in e  B and the s e c t io n s  c u t.

T his r e s u l te d  i n  3 .0  mm. c o le o p t i le  s e c tio n s  cu t 3 .0  mm. from th e  

t i p  o f  th e  c o le o p t i l e .  The s e c t io n s  were soaked fo r  one hour on
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(a )  P e rsp ex  gu ide u sed  in  th e  c u t t in g  o f 

c o le o p t i le  and f i r s t  in te rn o d e  s e c t io n s

(b ) Method of c u t t in g  o a t f i r s t  in te rn o d e  

and c o le o p t i le  s e c t io n s
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m u slin  over g la s s  d i s t i l l e d  w a ter b e fo re  random d i s t r ib u t io n  in to  

v i a l s .

(c )  Pea ro o t a ssay

The ro o ts  were washed, s e le c te d  fo r  uniform  s t r a ig h t  growth

and th e  a p ic a l  15-20 mm. cu t o f f .  These a p ic e s  were p laced  in  a

s p e c ia l  g u i l l o t i n e ,  (Audus and S h ip ton  (1952) ) and th e  a p ic a l  3 .0  

rams, e x c ise d , c o l le c te d  and f lo a te d  on a th in  film  o f w ater i n  a 

P e t r i  d is h .  Ten 3 .0  mm se c t io n s  were randomly d is t r ib u te d  in to  

each 5#0 cm. P e t r i  d ish  c o n ta in in g  4*0 ram. 0 .5 ^  su c ro se .

( x i ) C onditions o f  grow th, measurement and p re s e n ta tio n  o f r e s u l t s

The f i r s t  in te rn o d e  and c o le o p ti le  b io assay s  were done in  

c y l in d r ic a l  g la s s  v i a l s  2 .5  cm. i n  d iam ete r and 2 .5  cm. in  d ep th .

Tlie b u f f e r  i n to  which : th e  chrcsnatograras were e lu te d  had a pH o f

5 .0  and was composed as fo llo w s;

d ip o tass iu m  hydrogen phosphate 1 .0  x 10

c i t r i c  a c id  0 .5  x 10

su c ro se  2 . 0^

The d ry  chromatogram was d iv id ed  in to  20 equal p a r t s .  Each tw e n tie th  

p a r t  was shredded  in to  a v i a l  and 1 .0  m l. sucrose  phosphate c i t r a t e  

b u f f e r  added. The v i a l s  were sto p p ered  w ith  co rks , each cork hav ing  

a  h o le  i n  th e  c e n tre  p lugged w ith c o tto n  wool.

F or the  pea ro o t  t e s t  the  chromatograms were e lu te d  in to  

0 .5 ^  su c ro se  i n  p la c e  o f th e  sucro se  phosphate c i t r a t e  b u f fe r .  The 

pea ro o t  t e s t  s u f fe re d  from th e  l im i ta t io n  o f showing a growth
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a c c e le r a t io n  over a sm all c o n c e n tra tio n  range . To overcome t h i s  

d i f f i c u l t y  each tw e n tie th  p a r t  o f  th e  chromatogram was ^ u t e d  in to

0 . 5^  su c ro se . Then one in  te n  and one in  a hundred d i lu t io n s  

were made on each p rim ary  e lu t io n .  In  t h i s  way th e  e f f e c t  o f th e  

growth su b s tan ce  on d i lu t io n  could  be observed on th e  growth o f the 

s e c t io n s .

For each in te m o d e  and c o le o p t i le  experim ent te n  v i a l s  

each c o n ta in in g  te n  s e c t io n s  were used  as c o n tro ls .  I n  l a t e r  

experim ents th e  number o f s e c tio n s  i n  th e  experim en tal v ia l s  was 

reduced  to  f i v e .  The c o n tro l  v i a l s  each co n ta in ed  1 .0  m l. b u f fe r  

to g e th e r  w ith  so lv e n t run  chrom atography paper taken  from below 

th e  s t a r t i n g  l i n e .  The c o n tro l  P e t r i  d ish e s  con ta ined  4*0 m l. 0 .5 ^  

su c ro se  to g e th e r  w ith  so lven t washed chrom atography paper. The v i a l s  

and P e t r i  d ish e s  were rocked on a sh a k e r, 2-3 shakes p e r second, i n  

darkness a t  25^C f o r  20 h o u rs . Growth was reco rded  p h o to g ra p h ic a lly . 

The s e c tio n s  from each v ia l  were a rran g ed  in  rows on a cleOn " q u a r te r  

p l a t e " .  The q u a r te r  p la te s  were p laced  i n  th e  n eg a tiv e  c a r r i e r  o f  a 

p h o to g rap h ic  e n la rg e r .  Shadowgraphs en la rg ed  fo u r tim es on photo

g rap h ic  p ap er were made o f th e  s e c t io n s .  The t o t a l  len g th  o f th e  

s e c t io n s  from each v i a l  was m easured to  the n e a re s t  0 .5  mm.

( x i i ) L oca tion  re a g e n ts  and F lu o r im e tr ic  methods

(a )  L oca tion  re a g e n ts

The fo llo w in g  lo c a t io n  re a g e n ts  have a l l  been taken  from 

Chrom atographic T echniques, Vol. I .  ( l .  Sm ith, I 96O).
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1 . U l t r a  v io le t  l i g h t .  (Woods l i g h t )

2. U l t r a  v io le t  l ig h t  a f t e r  fum irg w ith  ammonia.

3 . N inhydrin  (Smith 1953)

0 . 2^  in  a ce to n e .

4* M nhydrin  a c e t ic  a c id  ( Jens on and S tevens 1953) 

N inhydrin  0 . 2^  in  ace tone  9 v o l.

G la c ia l a c e t ic  a c id  1 v o l.

5. E h r lic h  (Jepson  I 96O)

p -  d im ethylam ino-henzaldehyde 10^ W /v  
i n  conc. HCl 1 v o l.

Acetone 4 v o l.

6 . M t r i t e  -  H i t r ic  a c id  re a g e n t (Jepson I 96O)

HNÔ  c o n c e n tra te d  5 v o l .

Acetone 45 v o l.

HaNOg 5^  in  v /ater (added l a s t )  1 v o l.

7- A c id ic  o x id a tio n  re a g e n t (Jepson I 96O)

Potassium  p e rsu lp h a te  ( f re s h

s a tu ra te d  s o lu t io n )  1 drop

HCl c o n c e n tra te d  10 ml.

Acetone 40 ml.

8 . A lk a lin e  s i l v e r  n i t r a t e  rea g en t (Jepson I 96O)

One drop s a tu ra te d  s o lu t io n  AgHO  ̂ in  w ater mixed

w ith  10 .0  m l. ace tone  and th e  chromatogram d ipped.

I t  i s  th en  dipped in  0 .5 ^  Ha OH in  80^ e th a n o l.

9- P ia z o t is e d  p -  n i t r a n i l i n e  (Bray, Thorpe and White 1950)

p -  n i t r a n i l i n e  1 .5  g . i n  45 ml. conc. HCl 

and 950 m l. w a te r 10 v o l .
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HaHO  ̂ in  w ater 5^ 0 .2  v o l.

Ha^CO^ anhydrous, 10^  i n  w a te r 10 v o l .

10. P ia z o tis e d  s u lp h a n il ic  a c id  (Jepson  I 96O)

(a ) S u lp h a n il ic  a c id  9 .0  g .

Conc. HCl 90 m l.and  w a te r 900 m l. 1 v o l .

HaHOg 5^  in  w ater

(h) Ha^GO^ anhydrous, 10 i n  w a ter 1 v o l.

11. F e r r ic  c h lo r id e  -  F e rr ic y a n id e  Reagent (B arton , Evans
and Gardner 1952)

FeCl^ 3^ in  w ater 

K^Fe(CH)^, 3^ in  w ater

12. Ekman re a g e n t (Jepson I 96O)

(a )  HCl 2 .0  H 5 v o l.

Acetone 45 v o l.

HaHOg 5^ in  w a te r (added l a s t )  1 v o l.

(b) E th y l naphthylam ine 5^ in  e thano l

(Ekman re a g e n t)

13 . p -  a n is id in e  re a g e n t (Jepson and Smith 1953)

(a )  p -  a n is id in e  1^  i n  e th an o l c o n ta in in g  1^

V/V c o n ce n tra te d  HCl 1 v o l.

(b) Amyl n i t r i t e  2 $  i n  e th an o l 1 v o l.

(c )  0 ,5  H HaOH

14 . A n ilin e  d ipheny l ami ne rea g en t (H a rris  and MacWilliam 1954)

A n ilin e  1^ ( l .O  m l.)  p lu s  diphenylam ine Vjo 

i n  ace to n e  10 v o l.

Phosphoric  a c id  85^  1 v o l.

(b ) F u n c tio n  o f th e  lo c a t io n  re a g e n ts

U l t r a  v io le t  l i g h t  a lone o r a f t e r  fuming w ith  ammonia was
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u sed  to  lo c a te  f lu o re s c e n t  zones. The c o lo u r , i n t e n s i t y  and change 

in  c o lo u r and in t e n s i t y  a f t e r  fuming w ith  ammonia were n o ted . This 

was p a r t i c u l a r l y  u s e fu l  f o r  p h en o lic  compounds imhich show c h a ra c te 2>- 

i s t e d  re a c t io n s  u nder th e se  c o n d it io n s .

M n h y d rin  was used  to  d e te c t  amino a c id s  and h e a tin g  was 

n e c e ssa ry . M nhydrin  a c e t ic  a c id  was used  to  d e te c t  c e r ta in  

try p ta ra in e s . This form o f th e  E h r lic h  re a g e n t v/as used  as a d ip  

to  d e te c t  in d o le  compounds th e  m a jo r ity  o f which m i l  r e a c t  w ith  i t .  

The n i t r i t e  n i t r i c  a c id  rea g en t was used to  lo c a te  s p e c i f ic  in d o le s  

l i k e  IAN and Jepson* s a c id ic  o x id is in g  reag en t was used in  p la c e  o f 

Salkow ski to  confirm  c e r t a in  E h r lic h  p o s i t iv e  s p o ts .

A lk a lin e  s i l v e r  n i t r a t e  was used  as a g en era l lo c a tio n  

re a g e n t to  d e te c t  red u c in g  g ro u p s. D esp ite  i t s  lack  of s p e c i f i c i t y  

i t  was u s e fu l  as a g e n e ra l in d ic a to r .

D ia z o tise d  p -  n i t  r a n i  l i n e  and s u lp h a n il ic  a c id  were used 

to  lo c a te  phenols e s p e c ia l ly  mono /an d  d ihydroxyphenolic  compounds. 

The d i f f e r e n t  co lo u r r e a c t io n s  o f th e  two lo c a tio n  reag en ts  fo r  

v a r io u s  p h en o lic  compounds \ms an a d d it io n a l  a id  to  i d e n t i f i c a t i o n .  

They were more u s e fu l  th an  th e  f e r r i c  c h io r id e 0fe r r ic y a n id e  re a g e n t 

which gave a s im i la r  r e a c t io n  fo r  a l l  pheno lic  a re a s .  The two 

d iazo  re a g e n ts  were most u s e fu l  when used as sprays and not as d ip s 

as suggested  by Sm ith, p . 296-297* P -  A n isid in e  was used to

lo c a te  p o ly p h en o lic  compounds.
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The Ekman re a g e n t was used  to  lo c a te  a rom atic  amines and 

a n i l in e  d ipheny l ami ne v/as used  to  d e te c t  su g a rs  hut was not found 

to  he v ery  e f f e c t iv e .

(c )  S p e c tro p h o to f lu o r im e tr ic  an a ly se s

In s tru m e n ta tio n  f o r  th e  f lu o r im e tr ie  a n a ly se s  i s  as  fo llo v /s . 

The Aminco Bowman S p e c tro p h o to f lu o rim e te r  was equipped w ith  a h igh  

i n t e n s i t y  I 5O v;att Hanovia Xenon a rc  lamp. The 2 .0  m l. sample i s  

p lac ed  in  a c le a r  s id e d  q u a rtz  c e l l  and can he i r r a d i a t e d  a t  any 

d e s ire d  v/avelength between 220-650 m illem icro n . The mèrfchromator 

which a n a ly se s  th e  em itte d  f lu o re s c e n t l i g h t  can he used a t  any 

chosen w avelength  in  th e  same ran g e . The d e fin in g  s l i t s  were ^ / l6 "  

g iv in g  maximum s e n s i t i v i t y  and an I P . 21 E.G.A. m u l t ip l ie r  photo tube 

was u sed  f o r  a l l  f lu o re s c e n t  m easurem ents. Quinine su lp h a te  in  

0 .1  N HgSO^ was used  to  c a l ib r a te  the in s tru m e n t. The a c t iv a t io n  

maximum o f  Q uinine su lp h a te  i s  a t  350 w ith  a m inor peak a t  250 

and a maximum em ission  ( f lu o re sc e n c e  a t  450 ) The a c t iv a t io n

w avelength  peak and the  f lu o re s c e n t  v/avelength maximum peak were 

reco rd ed  f o r  each unknown sam ple. I t  has been found th a t  c e r ta in  

groups o f compounds show a c h a r a c t e r i s t i c  dhange in  f lu o re sc e n t 

i n t e n s i t y  w ith  a change from a c id ic  to  a lk a l in e  pH. This charac

t e r i s t i c  has been used  a s  an a id  to  i d e n t i f i c a t i o n  o f unknown com

pounds e lu te d  from chrom atogram s. The change in  f lu o re sc e n t 

i n t e n s i t y  w ith  pH was s tu d ie d  u s in g  th e  fo llo w in g  b u f fe r  system s,

C lark  (1928) ; su lp h u r ic  a c id ,  pH 0 .1  -  1 .0 ; c i t r a t e  phosphate, 

pH 2 .2  -  8 .0 ;  G lycine NaCl/liaOH, pH 8 .93  -  12.97 and HaOH, pH 

13 .2  -  14 . 0 .
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( z i i i  ) P re p a ra tio n  o f a s to ck  aqueous s o lu t io n  o f I M  f o r  

c a l ib r a t io n  cu rves

S tandard  grovrth response  curves to  known c o n c e n tra tio n s  

o f  lAA were made a t  i n t e r v a l s  th roughout th e  p r o je c t .  An aqueous 

s o lu t io n  o f  lA à; 100 m g . / l i t r e  was p rep a red  by d is so lv in g  O.OO5 g . 

lAA in  0 .5  m l, pure  m ethanol and making up to  50 m l. w ith  w a te r .

The s to c k  s o lu t io n  was a lso  p rep a red  by d is s o lv in g  th e  lAA in

1 .0  m l. 0 .1  N NaOH, add ing  40 m l. w a te r, n e u tr a l i s in g  w ith loO m l.

0 .1  N HCl and making up to  volume w ith  w a te r . No d if fe re n c e  in  

growth prom oting  p r o p e r t ie s  was found between th e  two m ethods.

From t h i s  s to c k  s o lu t io n  th e  re q u ire d  number o f te n  tim es d i lu t io n s  

i n  su c ro se  phosphate  c i t r a t e  b u f fe r  were made.

(x iv )  S t a t i s t i c a l  T reatm ents

The grovrth o f s e c t io n s  was expressed  in  two ways.

F i r s t l y  as  th e  t o t a l  e x te n s io n  and secondly  as a percen tage  o f th e  

growth o f th e  c o n tr o ls .  The second method may be expressed  as 

fo llo w s

f i n a l  le n g th  o f t r e a te d  s e c tio n s  -  i n i t i a l  le n g th  x 100 
f i n a l  le n g th  o f c o n tro ls  -  i n i t i a l  le n g th

The f i d u c i a l  l im i t s  a t  th e  5^ le v e l  were c a lc u la te d . Any growth

resp o n se  g r e a te r  th an  th e  f id u c ia l  l im i t s  was considered  to  be

s t a t i s t i c a l l y  s ig n i f i c a n t .  The f id u c ia l  l im i ts  a t  th e  5^ le v e l  = t.S .D .

where t  w ith  9 deg rees o f freedom

=  2.26
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The standard  d e v ia tio n  can be c a lc u la te d  from the

form ulai
U  -  x)2

S.D. a
n -  1 

where

X a  mean growth o f a l l  te n  se c tio n s  per v ia l  

X m grand mean o f a l l  ten  v ia l s  

n  a  number o f co n tro l v ia l s

I t  would have been more accu ra te  to  have incorporated  

o th e r c o n tro ls  each con ta in ing  d if f e r e n t  concen tra tions of XAA. 

This would have e s ta b lish e d  th e  s e n s i t iv i ty  o f th e  assay  m ateria l 

fo r  each experiment in  terms o f lAA eq u iv a len ts . Since th is  was 

n o t done th e  r e s u l ts  o f a l l  th e  c a l ib ra t io n  experiments were 

pooled and a  mean r e s u l t  ob ta ined . This was done fo r  both the  

f i r s t  in tem o d e  assay  and th e  c o le o p ti le  assay# To check on 

t h i s  procedure an a n a ly s is  o f va riance  was amde on th e  f i r s t  

in tem o d e  r e s u l t s .

R egression o f x (as log con cen tra tio n  of I4A)

on y  (as  ̂ growth) # n  «  39.

i  X «  -37

i  x2 » 111

i y a  8667

^ y 2  a  2193995

^ * y  a  -3751

X CB -0*949 

~ » 222*23
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^  (x -  x)2  = 75*95

£  (y -  ÿ)2 = 267921

^  (x -  x) (y  -  ÿ) = 4471*9

4471*9
267921 = 0*01669

The reg re ss io n  o f x on y  = - a  + 0*01669y

( where a  = -0*949 -  0*01669 x 222*23

= -0*949 -  3*7090 

= -4*658 )

= —4*658 + 0*01669y

Therefore when y  = 100, x  = -2*989

and when y  = 335, x  = 0*833

These two values o f x and y  have been p lo tte d  on the  1AÂ. 

in tem o d e  c a l ib ra t io n  curve.

(xv) Growth response o f in tem o d e  and c o le o p tile  sec tio n s  to  lAA

(a) Growth response o f Avena f i r s t  in tem ode  sec tio n s to  lAA

Ten f i r s t  in tem ode  se c tio n s , presoaked on m uslin s tre tc h e d  

over g la s s  d i s t i l l e d  w ater, were p u t in to  each v ia l*  Each v ia l  con

ta in e d  1*0 ml. lAA sucrose phosphate c i t r a t e  b u ffe r  p lus 1*0 cm. 

f in e ly -c u t  solvent-w ashed chromatography paper. Growth was measured 

a f t e r  20 hours.

The growth responses to  added lAA have been tab u la te d  in  

Table 1 , th e  mean curve i s  shown in  (P ig . 6 ) . The th resh o ld  

o f s e n s i t iv i ty  o f th e  se c tio n s  to  1AÀ was found to  be approxim ately
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F ig . 6

C a lib ra t io n  cu rv e . Growth resp o n se  

(as ^  o f c o n tro ls )  o f o a t f i r s t  in te m o d e  

s e c t io n s  to  d i f f e r e n t  c o n c e n tra tio n s  o f 

lAA.



FIG 6
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a  3 0 0

2 6 0

k  220

1 8 0

3: 140

£  10 O

lAA M G . / L .
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- 3
0 .15  % 10 yug/m l. I t  Viras p o s s ib le  to  extend  the  c o n c e n tra tio n  in  

th e  u pper range to  1 0 .0 yug w ithout th e  c o n c e n tra tio n  becoming su p ra -  

op tim al f o r  grow th.

(b ) Growth resp o n se  o f Avena c o le o p t i le  s e c tio n s  to  lAA

The same method was employed as used f o r  th e  f i r s t  in te rn o d e  

s e c t io n s .  Growth was measured a f t e r  20 h o u rs . The growth response  

to  added lAA have been ta b u la te d  i n  T able 2 . The mean growth 

resp o n se  curve i s  shovm in  (F ig , 7 ) . The th re sh o ld  o f s e n s i t i v i t y  

o f  th e  c o le o p t i le  s e c t io n s  was found to  be app rox im ate ly  1 .0  x 10~ 

yUg/ml. The c o n c e n tra tio n  o f lAA could be extended to  1 0 .0 yug/ml. 

w ithou t th e  c o n c e n tra tio n  becoming su p ra -o p tim al fo r  growth.

(c )  E s tim a tio n  o f  growth response  o f  e x tr a c ts  as lAA eq u iv a le n ts

The p e rc en ta g e  growth response  from each v ia l  was noted  

and compared w ith  th e  growth resp o n se  produced by s y n th e tic  lAA.

From th e  c a l ib r a t io n  curve th e  co rrespond ing  co n ce n tra tio n  o f lAA 

was n o te d . Only th o se  v ia l s  i n  which th e  growth response was 14^ 

o r  more above th e  c o n tro l  l in e  o f 100 were in c lu d e d ^ f id u c ia l  l im i t s  

-  14^ b u t i n  th o se  v i a l s  th e  response  has been c a lc u la te d  from th e  

c o n tro l  l in e  o f  100.

( d ) Method f o r  e s t im a tin g  th e  change in  c o n te n t, i n  lAA e q u iv a le n ts , 

o f  growth prom oters i n  v e r t i c a l  and h o r iz o n ta l  r o o t s .

F lu c tu a t in g  Rf v a lu es  o f th e  lAA m arker spot made th i s  

e s t im a tio n  r a th e r  d i f f i c u l t .  The fôllowing method was employed.

The v i a l s  i n  which th e  response  was o b ta in ed  v/ere noted and th e  

lAA e q u iv a le n ts  reco rd ed  and added. This gave the  t o t a l  co n ten t
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C a lib ra t io n  cu rv e . Growth resp o n se  (as ^  

o f c o n tro ls )  o f  o a t c o le o p t i le  s e c t io n s  to  

d i f f e r e n t  c o n c e n tra tio n s  of I M .
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o f  growth su b stan ce  i n  lAA e q u iv a le n ts .  When more than  one e z ^ e r i -  

ment was made a t  a p a r t i c u l a r  s t im u la tio n  tim e a mean value  was 

c a lc u la te d .  With each mean va lue  p lo t te d ,  th e  h ig h e s t  and low est 

f ig u re s  o b ta in ed  a t  t h a t  s t im u la tio n  tim e were in c lu d e d . These 

a re  shovm as p a r a l l e l  l in e s  on e i t h e r  s id e  of th e  mean v a lu e .

( z v i ) Method f o r  co lo u r t e s t s  on i n t e r c o n v e r t ih i l i t . y

The w ater so lu b le  ezrkract from 60 ,0  g, ro o t m a te r ia l  was 

s p o tte d  as a s t r i p  a c ro ss  a 4 -0  x 36 .0  chromatogram. A f te r  t h i s  

had been chrom âtograramed and d r ie d  a 1 ,0  cm, leng thw ise  s t r i p  was 

c u t o f f  and t e s te d  v/ith  d ia z o tis e d  p -  n i t r a n i l i n e .  The p o s i t io n  

o f th e  r e a c t iv e  a re a s  was marked. Three o f  th e se  were cu t out and 

e lu te d  in to  1 ,0  m l. e th y l  a lc o h o l. These e lu t io n s  were reduced to  

ap p ro x im ate ly  Oo5 m l, and s p o tte d  r e s p e c t iv e ly  onto th re e  2 ,0  x

3 6 ,0  cm, chrom atogram s. These were ru n , d r ie d  and then  sprayed  

w ith  e i t h e r  d ia z o t is e d  p -  n i t r a n i l i n e  o r th e  f e r r i c  c h lo r id e  -  

f e r r ic y a n id e  re a g e n t to  lo c a te  p h en o lic  zones.

(x v ii  ) Method f o r  f lu o r im e tr ic  a n a ly s is  o f  su b stan ces on chromatograms 

The f lu o r im e tr ic  a n a ly s is  o f a substance  p rev io u s ly  

lo c a te d  on a chromatogram was perform ed as fo llo w s. The m iddle 

p o r t io n  o f th e  r e a c t iv e  a re a  o f an unsprayed chromatogram was cut 

ou t and e lu te d  in to  2 ,0  m l. d i s t i l l e d  v /a ter. The a c t iv a t io n  

w avelength  peak and f lu o re s c e n t w avelength maximum peak was reco rded  

f o r  th e  unknown sample and compared v/ith known sam ples. The change 

i n  f lu o re s c e n t  i n t e n s i t y  w ith  pH o f th e  unknown sample was recorded*



55

From th e  f ig u re s  f o r  th e  a c t iv a t io n  and f lu o re s c e n t  w avelength 

maxima and from th e  shape o f  th e  f lu o re s c e n t i n t e n s i t y  /  pH 

curve a guess could he made as to  th e  n a tu re  o f  th e  unknown compound. 

S im ila r  s e t s  o f re a d in g s  were th en  made on a number o f  known pure 

compounds to  which th e  unknown might be long . A com parison was 

made betw een th e  d a ta  from th e  known sam ples and th e  unknown sample 

to  h e lp  e s t a b l i s h  th e  i d e n t i t y  o f th e  unknown compound. The methods 

u sed  have been d e sc rib e d  in  parag raph  (xLi -  c)
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CHAPTER I I I

ASSESSMENT OF ERRORS IH THE PREPARATION, CHROMATOGRAPHY 

AIID ASSAY OF GROWTH SUBSTANCES

In  th e  a n a ly s is  o f  th e  a c t i v i t y  o f a growth hormones 

p r o f i l e  from a chromatogram a nim her o f p o s s ib le  so u rces o f e r r o r  

have to  be tak en  in to  acco u n t. Some o f  th e s e  w ere:

( i )  The breakdown o r r e le a s e  o f growth a c t iv e  su b stan ces 

d u rin g  th e  p re p a ra t io n  o f th e  m a te r ia l  and in  e x tr a c t 

io n , p u r i f i c a t i o n  and chrom atographic s e p a ra tio n  o f 

growth su b s ta n c e s .

( i i )  The N itsc h  chrom atography a r t e f a c t .

( i i i )  I n h ib i to r s  in  th e  e x tr a c t io n  s o lv e n t.

(iV ) I n h ib i to r s  i n  unwashed chrom atography p ap er.

(v ) I n h ib i to r s  i n  th e  chrom atography room a i r .

( v i )  B io lo g ic a l v a r i a b i l i t y .

These p o in ts  w i l l  now be d isc u sse d  more f u l ly .

( i  ) The breakdown o r r e le a s e  o f growth su b stan ces

I t  was a p p re c ia te d  th a t  growth a c t iv e  substances could 

be in a c t iv a te d  o r  r e le a s e d  a t  v a rio u s  s ta g e s  in  th e  h an d lin g  o f 

b io lo g ic a l  m a te r ia l  and e x t r a c t s .
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Many methods have been suggested  fo r  the preparation o f  

p lan t t is s u e  preparatory to  ex tr a c tio n . F reeze-drying o f  t is s u e  

was suggested  by Link e t a l  (1941) , van Overbeek (l9 4 5 ) and Wildman 

and Muir (1947)* Heat drying was suggested  by Gustafson (1941) ,  

Thimann e t  a l (1942) and Cooke (1954)# Thimann and Skoog (1940) ,  

V lito s  (1956) and Bennet-Clark e t a l  (1959) recommended b o ilin g  o f  

t i s s u e s  so as to  d estroy  fu rther enzyme a c tio n . Of these suggested  

methods, rapid fr e e z in g  o f  the t is s u e  w ith in  I 5 seconds follow ed by 

freeze -d ry in g  and storage in  a c lo sed  container a t 2- 3°C was 

adopted. Every care was taken a f te r  th e  t is s u e  was frozen to  

prevent i t  thawing before i t  was fre e z e -d r ie d . Link e t a l  (1941 ) 

showed that auxin in  frozen t is s u e s  was rap id ly  destroyed i f  the  

t i s s u e  thawed. This rapid fr e e z in g  method was le s s  l ik e ly  to  pro

duce a r te fa c ts  than the slow  fr e e z in g  a t 0^0 ( ic e  water fre ez in g  bath) 

used by L ahiri (l959)*

The cho ice  of e x tr a c t io n  s o lv e n t, e x tr a c t io n  tim e and 

tem p era tu re  was b e se t  w ith  d i f f i c u l t i e s .  E th e r  and e th y l a c e ta te  

d id  n o t appear s u i t a b le  s in c e  th e y  d id  no t i n h ib i t  th e  a c t i v i t y  o f 

th e  po lypheno lase  enzyme system . N itsch  (1956). Various a u th o rs  

have shown th a t  Tfhen e th e r  was used  as  an e x t r a c ta n t ,  aux in  could  be 

re le a s e d  from p la n t  t i s s u e  over a lo n g  p e rio d  o f  tim e. Thimann e t  

a l  (1940, 1942) , Link e t  a l  (l9 4 l)>  van Overbeek (1947)# Wildman 

and Muir (1949) showed th a t  th e  r e le a s e  o f  aux in  in c re a se d  w ith  

tem p era tu re  and could  be stopped by b o i l in g  and th e re fo re  i t  was
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presum ably  enzym atic . The e x tr a c ta n t  shou ld  a ls o  be f r e e  from 

w a te r . V li to s  and Meudt (1954) showed th a t  try p to p h an  could be 

co n v erted  in to  lAA in  t i s s u e  e x tr a c ts  even a t  low tem p era tu res  when 

w a te r was added to  th e  e x t r a c ta n t ,  e th a n o l. To overcome th e se  

v a rio u s  d i f f i c u l t i e s  m ethanol was used  as  th e  e x tr a c ta n t  f o r  th e  

fo llo v d n g  re a so n s :

(a )  I t  com p lete ly  in h ib i te d  th e  po lypheno lase  enzyme system .

(b ) I t  was a p p a re n tly  more e f f i c i e n t  than  e th an o l o r e th y l  

a c e ta te  i n  e x tr a c t in g  growth su b s ta n c e s . N itsch  (1956) .

T h ere fo re  m ethanol was added to  th e  f r e e z e -d r ie d  m a te r ia l  and th e  

e x tr a c t io n  tim e was app rox im ate ly  I 8 hours a t  -18°C in  d a ik n e ss .

S ince h igh  tem p era tu res  cou ld  a c c e le ra te  th e  breakdown o f 

l a b i l e  compounds, th e  tem pera tu re  d u rin g  f la s h  ev ap o ra tio n  and a l l  

o th e r  m an ip u la tio n s  was k ep t to  26^0 o r below# In  a d d it io n  a l l  

experim ents were perform ed in  d if fu s e  l i ^ t .  J e rc h e l  and M uller 

(1951 ) showed th a t  pigm ents i n  e x t r a c ts  could  le a d  to  p h o to ly t ic  

decom position  o f lAA.

A n e u tr a l  s o lv e n t,  is o b u ta n o l , m ethanol, w a te r, was used  

f o r  chrom atography i n  p la c e  o f  th e  more commonly used s o lv e n t, i s o 

p ro p an o l, ammonia, w a te r . The ammoniacal so lv e n t has been found 

to  decompose a few in d o le s ,  N itsch  (1956), B en tley  (1956), and a ls o  

w a te r so lu b le  growth su b s ta n c e s , H ousley and B en tley  (1956). In  

a d d i t io n .  Gunning (196I ) has found t h a t  m alic  a c id , when chrom âto- 

grammed in  an  ammoniacal s o lv e n t,  formed th e  h a l f  ammonium s a l t .
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T his s a l t  was s l i g h t l y  growth a c t iv e  and had an Rf n e a r  th e  s t a r t i n g  

l i n e .  This d isc o v e ry  prom pts th e  query : How many e th e r  so lu b le  d i -

c a rb o x y lic  a c id s  could  form th e  h a l f  ammonium s a l t  when chrom âto- 

grammed in  an ammoniacal s o lv e n t.  Would any o f th e se  s a l t s  show any 

growth prom oting  a c t iv i t y ?

The phenomenon o f spontaneous i n t e r c o n v e r t i b i l i t y  (among 

th e  aux in s o f th e  w a te r so lu b le  f r a c t io n )  has been dem onstrated  by 

s e v e ra l  w orkers, B r i t to n  e t  a l  (1956) , Audus and Gunning (1958) ,

L a h ir i  and Audus (1960) , B en tley  ( 1 9 6 IÀ), C r i tic is m  has been le v e l le d  

a t  th e se  r e s u l t s .  The work o f B r i t to n  e t  a l  has been c r i t i c i s e d

because th e y  used  an ammoniacal s o lv e n t .  I t  has been shown th a t

ammoniacal so lv e n ts  can b r in g  about th e  decom position  o f w ater so lu b le  

growth su b s ta n c e s , Housley and B en tley  (1956) . T his c r i t ic i s m  could

a ls o  be l e v e l le d  a t  th e  work o f  B en tley  (196L1) .  N itsch  and N itsch

( i 960) who showed t h a t  c e r ta in  in d o le s  can be t r a n s fe r r e d  from th e  

m arker chromatogram to  o th e r  chromatograms nearby  have o ffe re d  t h i s  

phenomenon as an e x p la n a tio n  o f  th e  i n t e r c o n v e r t i b i l i t y  found by 

B r i t to n  e t  a l .  B r i t to n  ran  IAN maiicer chromatograms in  co n ju n c tio n  

w ith  th e  ex p erim en ta l chrom atograms.

Thuiman and S t r e e t  (1960) could  no t f in d  any in te rc o n v e r t 

i b i l i t y  and made th e  g e n e ra l c r i t ic i s m  th a t  i t  m ight fo llo w  e rro n e o u s ly  

from th e  e lu t io n  and re  chrom atography o f zones c o n ta in in g  m assive 

amounts o f s e v e ra l  c o n s t i tu e n ts  a r i s in g  from h e a v ily  loaded  chrom âto-
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gram s. The e lu t io n  would e f f e c t  some p u r i f i c a t i o n  and th e  r e -  

chrom atography would perm it more e f f e c t iv e  s e p a ra t io n . I t  i s  

d i f f i c u l t  to  see  how t h i s  c r i t i c i s m  could  ap p ly  to  some work.

Audus and Gunning (195Ô) used  0 .1  m l. a l iq u o ts  e q u iv a le n t to  5*4 

o r ig in a l  t i s s u e .  L a h ir i  and Audus (1960 ) u sed  an e x tr a c t  f ro n

1 0 .0  g . t i s s u e  f o r  th e  o r ig in a l  chrcxnatogram. I n  both  cases  th e  

o r ig in a l  peaks were s e p a ra te  and c le a r  c u t .  On e lu t io n  and re 

chrom atography th e  same th re e  o r  fo u r  c le a r  cu t peaks a t  th e  same 

p o s i t io n s  as th e  o r ig in a ls  were found though th e  a c t i v i t y  was 

low er, o f te n  on ly  j u s t  s i g n i f i c a n t .  Both Audus and Gunning and 

L a h ir i  and Audus used  a n e u tr a l  s o lv e n t,  is o b u ta n o l ,  m ethanol, 

w a te r . Thus th e  co n c lu sio n  can be a r r iv e d  a t^  th a t  some work on 

i n t e r c o n v e r t i b i l i t y  o f th e  w a te r so lu b le  growth su b stan ces i s  open 

to  c r i t i c i s m .  O ther work, e s p e c ia l ly  t h a t  o f Audus and Gunning, 

L a h ir i  and Audus, shows th a t  i n t e r c o n v e r t i b i l i t y  i s  a r e a l  and, as 

y e t ,  u n ex p la in ed  phenomenon.

( i i ) The N itsc h  Chromatography a r t e f a c t

Yet a n o th e r  a r t e f a c t  a i i s i n g  out o f chrom atographic te c h 

n iq u es has been p o in te d  o u t, t h i s  tim e by N itsch  and N itsch  (1960 ) . 

They dem onstra ted  t h a t  in d o le  compounds sp o tte d  on a m arker chroma

togram  could  t r a n s f e r  to  an a d ja c e n t chromatogram and g ive  r i s e  to  

b io lo g ic a l  a c t i v i t y  on th e  a d ja c e n t chromatogram. This t r a n s f e r  

o f  in d o le  aux ins occu rred  d u rin g  th e  e q u i l ib r a t io n  p e r io d . I t  was 

most pronounced w ith  IAN and th e  e th y l  e s t e r  o f lAA; (lA Et) and
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v/ith  so lv e n ts  c o n ta in in g  petroleum  e th e r  o r hexane. The t r a n s f e r  

could  even tak e  p la c e  over iso p ro p a n o l, ammonia, w a te r. However, 

N itsc h  and N itsch  found th a t  in  g e n e ra l lAA d id  n o t appear to  he 

t r a n s f e r r e d .

An experim ent was perform ed to  t e s t  th e  p o s s i b i l i t y  th a t  

lAA could  be " t r a n s f e r r e d "  from th e  m arker chromatogram to  o th e r  

chromatograms 4*0 cm. a p a r t  d u rin g  th e  e q u i l ib r a t io n  p e r io d . The 

m arker chromatogram s p o tte d  w ith  5#0 ^ g .  lAA was flan k ed  by 2 

b lank  chrom atogram s, one o f unwashed p aper and th e  o th e r  o f washed 

p a p e r. The chromatograms were e q u il ib ra te d  f o r  6 hours over i s o b u t

a n o l, m ethanol, w a te r , and then  chromât ograramed. A f te r  d ry in g  th e  

chromatograms were assayed  w ith  th e  f i r s t  in te m o d e  t e s t .  The 

r e s u l t s  a re  shown i n  (P ig . 8 ) .  T his r e s u l t  confirm ed th e  re p o r t  

o f  N itsc h  and N itsc h  (1960) t h a t  lAA g e n e ra lly  d id  n o t appear to  be 

t r a n s f e r r e d .  lAA only  was used in  t h i s  t e s t  because i t  was th e  

p rim ary  m arker su b s ta n c e . IAN was used  r a r e ly  and then  in  a 

s e p a ra te  ta n k .

The unwashed and v/ashed papers in  t h i s  experim ent were 

a ls o  used  to  dem onstra te  th e  p resence  o f u n h ib ito rs  in  unwashed 

p ap er and t h e i r  absence in  washed p a p e r.

( i i i )  I n h ib i to r s  i n  th e  e x tr a c t io n  so lv e n t

A fe a tu re  no t a p p re c ia te d  a t  th e  beg inn ing  o f t h i s  work 

was t h a t  growth in h ib i to r s  were p re s e n t  in  th e  i n d u s t r i a l  m eth y la ted  

s p i r i t s  used  as th e  e x t r a c ta n t .  A c o n stan t and s tro n g  in h ib i t io n
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E xperim ents to  show th e  t r a n s f e r  o f  lAA, from th e  

m arker chromatogram to  a d ja c e n t chrom atogram s, 

d u rin g  th e  e q u i l ib r a t io n  p e r io d  was not o c cu rrin g , 

Oat f i r s t  in te m o d e  a s sa y .

(a )  So lven t washed p a p e r .

(b) Unwashed chrom atography p a p e r.

These r e s u l t s  a ls o  dem onstra te  th e  absence o f 

growth in h ib i to r s  in  washed p ap er (a )  and th e  

p resen ce  o f i n h ib i to r s  in  unwashed p ap er (b ) .
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was found a t Rf 0 .65  -  0 .95  in  a l l  experim ents. An example i s

shown in  (F ig . 9)* Washed chromatography paper was being used and

consequently the su sp ic io n  arose th at the in h ib ito r  might be in  the  

m ethylated s p i r i t s .  One hundred and f i f t y  ml. m ethylated s p ir i t s  

v/as f la s h  evaporated and the resid u a l pale yellow  gum extracted  to  

g ive  the e th er  so lu b le  acid  fr a c t io n . This e th erea l e x tr a c t , when 

chromât ograramed and assayed v/ith the f i r s t  in tem o d e  assay showed 

an in h ib ito r y  zone a t Rf 0 .75 -  0 .95  (F ig . 9)* This zone corres

ponded to  the in h ib ito r y  zone o f (F ig . 9 ) .  The use o f the indus

t r i a l  m ethylated s p ir i t s  as an extractan t was d iscontinued  and 

methanol was used in  i t s  p la ce .

( iv )  I n h ib i to r s  i n  chrom atography p aper

Unwashed Whatman No. 2 chromatograms were developed by 

ascending chromatography in  iso b u ta n o l, m ethanol, v/ater, dried  and 

assayed w ith the f i r s t  intemodjfS a ssay . Two or three in h ib ito r y  

zones were found, see  (F ig . 1 0 ), u n lik e  Lahiri (1959 p .243) who 

s ta te d  th at chromatography paper did not contain  any in h ib ito r  which 

could a f f e c t  the growth o f f i r s t  in tem od e  s e c t io n s . As a con

sequence a l l  chromatography paper was washed before u se . The washed 

paper did not show any growth in h ib ito r y  zones (F ig . lO ).

(v ) I n h ib i to r s  i n  th e  chrom atography room a i r

A new and in e x p lic a b le  in h ib ito r  was found on cer ta in  

chromatograms at an Rf o f O.85 -  1 .0 .  At the same time i t  was
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(a )  Oat f i r s t  in te m o d e  a ssa y  o f an e th e r  so lu b le  

a c id  e x t r a c t  to  dem onstra te  th e  i n h ib i to r s  in  

150 ml i n d u s t r i a l  m eth y la ted  s p i r i t s ,

(b ) E th e r  so lu b le  a c id  f r a c t io n  from an i n d u s t r i a l  

m eth y la ted  s p i r i t s  e x t r a c t  o f  2 .0  g .  ro o t 

t i s s u e .  Oat f i r s t  in te m o d e  a ssa y  to  show 

th e  la rg e  i n h ib i t io n  p a r t i a l l y  caused by th e  

i n h ib i t o r  i n  th e  e x tr a c t io n  s o lv e n t .
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F ig . 10

Oat f i r s t  in te m o d e  a ssa y  to  show,

(a )  The absence o f growth in h ib i to r s  i n  so lv e n t 

washed chrom atography p a p e r .

(b ) The p resen ce  o f in h ib i to r s  in  unwashed 

chrom atography p a p e r.
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n o tic e d  th a t  m arker chromatograms dipped in  th e  n i t r i t e - n i t r i c  a c id  

rea g en t had developed a g reen  s p o t .  T his sp o t had an Rf o f  0 , 8 5 . 

The g reen  r e a c t io n  was found to  he due to  thym ol, and which was 

re s p o n s ib le  f o r  th e  i n h ib i t io n  a ls o .  I t  was found when th e  washed 

chrom atography p ap er was hung up to  d ry  o v e rn ig h t i n  th e  chroraoto- 

graphy room. This room, which was used  as a s t e r i l e  in n o c u la tio n  

room, had been sp rayed  th e  p rev io u s  even ing  w ith  thymol and a lc o h o l 

to  remove fu n g a l sp o re s . The chromatograms w hile  d ry in g  had 

absorbed  s u f f i c i e n t  thymol to  produce a growth in h ib i t io n  and c o lo u r 

r e a c t io n .  The chrom atography was t r a n s f e r r e d  to  a la b o ra to ry  

s e p a ra te  from th e  main b u ild in g  and f r e e  from in t e r f e r i n g  chem icals .

( v i ) B io lo g ic a l v a r i a b i l i t y

Both th e  experim en ta l m a te r ia l  and th e  a ssa y  m a te r ia l  w i l l  

show a v a r i a b i l i t y .  T his can be p a r t i a l l y  overcome by experim ents

w ith  la rg e  sam ples. The in c o rp o ra tio n  o f known amounts o f lAA w ith

each a ssa y  as a d d it io n a l  c o n tro ls  w i l l  r e l a t e  th e  s e n s i t i i d t y  o f th e  

a s sa y  m a te r ia l  to  a q u a n t i ta t iv e  s ta n d a rd . I n  a d d it io n  to  growing 

se e d lin g s  un d er c o n s ta n t l i g h t  and tem p era tu re  c o n d itio n s , th e  

in s i s te n c e  on so ak in g  se e d s , p r i o r  to  p la n t in g ,  f o r  s tan d ard  tim es 

a t  s ta n d a rd  tem p era tu re s  would a ls o  h e lp  to  reduce v a r i a b i l i t y .
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CHAPTER IV

RESULTS

(A) COLORIMETRIC AMD FLUOBIMBTRIC METHODS FOR THE LOCATION AML 

ILEHTIFICATIOK OF COMPOUNDS OR CHRCMATOGRAMS.

Two p o in ts  shou ld  he n o ted . These a re  f i r s t l y  th a t  th e  

Rf o f  pu re  compounds may no t he th e  same as t h a t  o f th e  same su b stan ce  

when chrom âtogrammed in  an e x t r a c t .  The Rf o f th e  compound in  th e  

e x t r a c t  may be d ep ressed  o r  e le v a te d  from th e  v a lu e  ob ta in ed  f o r  th e  

pu re  compound. The Rf o f  pure BL try p to p h an  in  is o b u ta n o l, m ethanol, 

w a te r , was 0 .2 0  -  0 .2 8 . The Rf o f try p to p h an  in  w ater so lu b le  

e x t r a c t s  i n  th e  same so lv e n t was 0 .10  -  0 .2 0 .

The second p o in t  concerned w hether try p to p h an  would y ie ld  

I M  on a lk a l in e  h y d ro ly s is .  Gordon and Wildman (l943 ) ob ta ined  lAâ 

from try p to p h an  on h y d ro ly s is  w ith  0 .5  RaOH. However B entley  (1958) 

was no t a b le  to  o b ta in  e th e r  so lu b le  aux in s from tryp tophan  a f t e r  

s t ro n g  a lk a l in e  h y d ro ly s is ,  H HaOH ( l5  lb s  p re s su re  15 m in s .)  Thurman 

and S t r e e t  (196O) d isa g re e d  w ith  B en tley ’ s r e s u l t s .  They found 

E h r lic h  p o s i t iv e  r e a c t io n s  a t  th e  lAA r e ^ o n  and a ls o  s tro n g  growth 

s t im u la t in g  a c t i v i t y .  However, Thurman and S t r e e t  Hydrolysed t h e i r  

try p to p h a n  a t  a n e u tr a l  o r s l i g h t l y  a c id ic  pH. From a h y d ro ly s is  

perform ed on 60yug try p to p h a n  no e th e r  so lu b le  E h r lic h  p o s i t iv e  a c id s  

were d e te c te d . I n  th e  w ater so lu b le  re s id u e  th e  only  E h rlic h  p o s i t iv e  

sp o t reco rd ed  was th a t  o f  th e  try p to p h an  i t s e l f .  T herefo re  i n  a lk a l in e  

h y d ro ly s is  experim ents i t  has been assumed th a t  any new E h r lic h  p o s i t iv e  

a re a s  could no t have come from try p to p h an .
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( i )  Key to  th e  i d e n t i f i c a t i o n  o f c o lo u r  r e a c t io n s  shown i n  F ig ’s 

11, 13, 14, 15, 16.

c o lo u rs  BL = b lu e , BLK = b la c k , BRO = brown, GR = g re e n ,

GY = g re y , LI « l i l a c ,  #11 = mauve, OR = o range , P I = p in k ,

PIT = p u rp le , R = r e d , 71 = v i o l e t ,  Y = y e llo w .

i n te n s i t y  e t c . b = b r i g h t ,  d = deep , dk = d a rk , f  = f a i n t ,  

fd  = fa d in g , im = im m ediate, i n t  = in te n s e ,  1 = l i g h t ,  

p = p a le ,  rp  = r a p id ,  s i  = slow , v = v e ry , h t  = h e a t to  1 1 0 % ., 

U .7 . = u l t r a  v i o l e t  l i g h t ,  TJ.V.A, = UV a f t e r  fuming w ith  

ammonia.

( i i )  C olour r e a c t io n s  o f th e  e th e r  s o lu b le  a c id  f r a c t io n

Four e th e r  so lu b le  growth p ro m o te rs , E l ,  R f 0 .0  -  0 .2 5 , 

B2, 0.3  -  0 .5 5 , E 5, 0 .5 5 -  0 .75  and E4, 0 .85 -  1 .00  were d e te c te d  

in  th e  e th e r  s o lu b le  a c id  f r a c t i o n .  lAA had an  Rf o f 0 .6  -  0 .7  

a p p ro x im ate ly . The grow th a c t i v i t y  o f th e s e  p rom oters w i l l  be 

c o n s id e red  in  C hap ter IVB.

An e x t r a c t  from 120 g . whole r o o ts  app rox im ate ly  6 .0  cm. 

long  f a i l e d  to  g iv e  a  p o s i t iv e  c o lo u r r e a c t io n  to  E h r lic h  and to  

th e  a c id  o x id is in g  a g e n t. D ia z o tise d  p - n i t r a n i l i n e  gaveaa 

r e a c t io n  a t  two zo n es . The f i r s t  a t  R f 0.3  -  0.45> was a  p a le  

y e llo w , th e  second a t  Rf 0 .7  -  0 .8  was a  p in k is h  brown. The second 

r e a c t io n ,  c h a r a c t e r i s t i c  o f a  p h en o lic  compound, occu rred  a t  th e  

i n h ib i t o r  p o s i t io n  Rf 0 .7  -  0 .8  and ex tended  back p a r t i a l l y  in to
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th e  lAA m arker re g io n . D ia z o tise d  s u lp h a n il ic  a c id  gave no r e a c t io n  

a t  t h i s  re g io n . There i s  a v a r ie ty  o f ev idence th a t  th e  i n h ib i t o r  

complex c o n ta in s  a p h en o lic  component. Koves (1957) found th e  i n h ib i 

to r  P complex from f le s h y  f r u i t s  to  c o n ta in  d e r iv a t iv e s  o f cinnam ic, 

s a l i c y l i c  and o- and p-coum aric a c id s .  H ousley and T ay lo r (1958) 

i s o l a t e d  a z e la ic  a c id ,  s c o p o le tin  and a c id  A from p o ta to  p e e l .

Torrey ( l9 5 9 ) recorded the presence from pea roots o f  substances g iv in g  

p h en olic  rea c tio n s a t the p p o s it io n .

These r e s u l t s  in d ic a te  th e  absence o f any in d o le  compounds, 

though i t  i s  p o s s ib le  an i n s u f f i c i e n t  w eight o f t i s s u e  was used  f o r  

th e  c o lo u r t e s t .  These r e s u l t s  a ls o  su g g est th a t  th e  i n h ib i to r  f  

complex, Rf 0 .7  -  0 .8 , from V ic ia  ro o ts  may c o n ta in  a p h en o lic  com

po n en t. The s ig n if ic a n c e  o f th e  p resen ce  o f  a p h en o lic  substance  a t  

th e  " in h ib i to r  p " p o s i t io n  on th e  growth response  o f E3, R f, O.4O -  

0 .7 5  w i l l  be co n sid ered  more f u l ly  i n  C hapter IVB and C hapter V.

( i i i ) Colour r e a c t io n s  and f lu o r im e tr ic  a n a ly s is  o f th e  

u n h y d ro lised  w a te r so lu b le  f r a c t io n

High growth a c t i v i t y  in  th e  w a ter so lu b le  f r a c t io n  was 

found a t  th e  fo llo w in g  R f’ s :  0 .0  -  O .I5 . prom oter Vfl, Rf 0 ,20  -  O.3O, 

prom oter W2, and Rf O.4O -  0 , 8 0 , prom oter W3 & 4* The growth a c t 

i v i t y  o f  p rom oters Wl, W2 , W3 & 4 w i l l  be considered  more f u l ly  in  

C hapter IVB. The prom oters Wl, W2, W3 & 4 2nd t h e i r  R f’ s have been 

g iven  so t h a t  re fe re n c e  can be made to  them when th e  c o lo u r r e a c t io n s  

a re  d isc u sse d .
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Chromatograms o f th e  v /ater so lu b le  f r a c t io n  when dipped 

i n to  n in h y d rin  ace tone  gave s tro n g  p u rp le  co lo u rs  on h e a tin g  to  

llO^C (F ig .1 1 a ) . A red  p u rp le  was lo c a te d  a t  Rf 0 .0  -  0 .1 $ , and 

a b lu e  p u rp le  a t  O .I5 -  0 .2 2 . These c o lo u rs  were perm anent.

P u rp le  r e a c to r s  were a ls o  found a t  Rf 0 .28 -  O.4O bu t th e se  c o lo u rs  

faded  a f t e r  some h o u rs .

D ipping th e  chromatogram in to  E h r lic h  ace tone  to  lo c a te  

in d o le s  re v e a le d  3 p o s i t iv e  a re a s  only  one o f which was p u rp le  

(F ig . 11b ). An im m ediate b r ig h t  golden  yellow  was formed a t  Rf 0 . 0 -  

0 .1 .  A p u rp le  r e a c to r  was lo c a te d  a t  Rf 0 .12  -  0 .2 0 . This re a c te d  

w ith in  5 m inutes i n  th e  cold and faded a f t e r  2 h o u rs . I t  was 

though t to  be try p to p h a n . U nderly ing  th e  p u rp le  r e a c to r  and appear

in g  as i t  faded  was a substance  r e a c t in g  w ith  E h r lic h  to  g ive  a p a le  

lemon ye llow , h a l f  an hour to  th re e  hours a f t e r  d ip p in g . The Rf o f 

t h i s  re g io n  v/as 0 .1  -  0 .3 8 . Two amino a c id s ,  t^crosine and p  phenyl

a la n in e  were t e s te d  f o r  Rf and co lo u r r e a c t io n  to  E h r lic h . T yrosine 

had an Rf o f 0 .0  and gave a p a le  ye llow  re a c t io n  a f t e r  3-4 h o u rs . 

P h e n y la lan in e  had an Rf o f  0 .26  and gave a p a le  yellow  co lo u r a f t e r  

4 h o u rs . However no n in h y d rin  p o s i t iv e  r e a c t io n  was found a t  

Rf 0 . 26 , th e  n e a re s t  b e in g  0.28 -  O.4O. D esp ite  th e  s l i g h t  d if fe re n c e  

i n  Rf i t  was though t l i k e l y  t h a t  f  p h en y la lan in e  could be p a r t  o f th e  

e x te n s iv e  p a le  ye llow  E h r lic h  p o s i t iv e  zone. Tliis yellow  zone was 

a s s o c ia te d  w ith  a zone o f  h igh  growth a c t i v i t y  Rf 0 .2  -  0.3* B r i t to n  

e t  a l  (1956 ) re p o r te d  a p a le  ye llow  r e a c t io n  to  E h r lic h  a ls o  a sso c 

i a t e d  w ith  a c t i v i t y  in  th e  c o le o p t i le  t e s t .  They d id  no t s t a t e  how 

ra p id ly  th e  ye llow  r e a c t io n  took p la c e .





F ig . 11

Colour r e a c t io n s  o f th e  u n h y d ro lised  w ater 

s o lu b le  f r a c t io n  from bu lk  m ethanol e x t r a c ts  

o f  48 day o ld  r o o ts .  The c o lo u r re a g e n ts  

a re  ta b u la te d .

(a )  M nhydrin  a c e to n e .

(b ) E h r lic h .

(c )  Jep so n ’ s a c id ic  o x id is in g  re a g e n t .

(d ) U.V. l i g h t  and UVA ( a f t e r  fuming w ith

am m onia.)

(e )  d ia z o t is e d  p -  n i t r a n i l i n e .

( f )  d ia z o t is e d  s u lp h a n il ic  a c id .

(g ) a lk a l in e  s i l v e r  n i t r a t e .

(h ) S i lv e r  n i t r a t e  and bromphenol b lu e .



Fig 11; A = Ninhydrin; B = E h rlich ; C = Acid ox id is ing  

agent; U.V. ; D"= U.V.A. ; E = p -N itra lin e ; F = S u lphan ilic

ac id ; G = A lkaline AgNO;); H = AgN03 Bromphenol b lue .
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Thurroan and S tre e t  (196O) rep o rte d  an immediate yellow  

E h rlic h  re a c to r  running  ju s t  in  f ro n t  o f a growth s tim u la to ry  zone.

Prom t h e i r  t e s t s  they  concluded i t  was u re a . The b r ig h t yellow  

re a c to r  a t  Ef 0 .0  -  0.1  was a sso c ia te d  w ith  an a rea  o f high growth 

a c t iv i t y .  I  wondered w hether th is  could be due to  u rea ; however 

when u rea  was chromâtogrammed i t s  Rf was 0.22 -  0 .30 . I  thought 

th a t  u rea  was u n lik e ly  to  be re sp o n sib le  fo r  th is  b r ig h t yellow  

re a c t io n .

Jepson’ s a c id ic  o x id is in g  reagen t gave a yellow -grey  

re a c t io n  a t  Rf 0 .0  -  0 .0 ? , g rey  a t  O.O8 -  O .I5 and pa le  yellow  brown 

a t  Ef 0.23  -  0.36  ( P ig . l lo ) .

Chromatograms of th e  w ater so lu b le  f r a c t io n  when examined 

in  d a y lig h t showed a l ig h t  brown zone, Rf 0 .0  -  O .I4 . When th e
i

chromatogram was fumed w ith a s tro n g  ammonia th re e  yellow  a reas  be

came v i s ib le  (P i g . l i d ) .  They had the  fo llow ing  Rf*s, 0 .0  -  O.O8 ,

0 .12 -  0.17  and O.4  -  O.48 . When examined under u l t r a  v io le t  l i g h t ,  

th e  yellow  zones gave th e  fo llovdng  re a c tio n s  (P i g . l i d ) .  At ,

Rf 0 .0  -  0.08  a l i g h t  yellow  flu o rescen ce  changing to  yellow  green 

on fuming w ith  ammonia. A b lue flu o rescen ce  changing to  an in te n se  

green on fuming w ith  ammonia was recorded a t  both Rf 0.12 -  0.17 and 

0.40  -  0 . 48 . Prom th ese  co lour changes i t  was suspected  th a t  pheno

l i c  compounds were invo lved  in  th ese  reac tio n s ,B a te -S m ith  (1962),

Hathway (196O). The chromatograms were sprayed w ith d ia z o tise d  p -  

n i t r a n i l i n e  and s u lp h a n il ic  ac id  (F ig . l i e  & f ) .  With d ia z o tise d  p -  n itra n -  

i l i n e  a v io le t  pink was lo c a te d  a t  Rf 0 .0  -  0.02 and a lso  a t  Rf O.O7 -  0 .12 , 

between th ese  a red  pu rp le  re a c tio n  was recorded . At Rf 0.12 -  0 .30 a
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l i g h t  ye llow  re a c t io n  was d e te c te d  and a t  Rf 0 .35  -  O.5O a g rey  b lue  

r e a c t io n  was rec o rd ed . In  one e x tr a c t  on ly  a yellow  pink  r e a c t io n  

was found a t  Rf O.58  -  0 .6 8 . D ia zo tised  s u lp h a n il ic  a c id  gave th e  

fo llo w in g  r e a c t io n s .  At Rf 0 .0  -  O.O8 a s ta b le  orange co lo u r was 

produced . At Rf 0 .12  -  O .I7 and O.4O -  O.48 an in te n s e  p u rp le  r e 

a c t io n  took p la c e  and th en  faded w ith in  two m inutes le a v in g  no s ig n . 

These two zones w ith  t h i s  c h a r a c t e r i s t i c  r e a c t io n  were th e  reg io n s  

w ith  a b lue  f lu o re sc e n c e  changing to  in te n s e  g reen  on fuming w ith  

ammonia.

R eac tions o f  th e  w ater so lu b le  f r a c t io n  to  a lk a lin e  AgRO  ̂

and AgRO  ̂ p lu s  bromphenol b lu e , th e  rea g en t f o r  p u rin es  and pyrim i

d in e s , a re  shown in  ( P i g . l lg  & h ) .  The a lk a l in e  AgRO  ̂ re a c tio n s  a re  

a s s o c ia te d  w ith  sane o f  th e  p h en o lic  re a c t io n s  and w ith  o th e r  t e s t s .  

The re a g e n t i s  so u n s p e c if ic  th a t  on th e se  complex chromatograms th e  

t e s t  i s  o f  l i t t l e  use  except to  in d ic a te  th e  p resence  o f reduc ing  

g ro u p s.

Between Rf 0 .0  and 0 .30  a number o f compounds were a ssoc

i a t e d  on th e  chromatogram o f which two have been id e n t i f i e d  w ith some 

degree o f  c e r t a in ty .  These were 3, 4 d ihyd roxypheny la lan ine , (DOPA), 

Rf 0.07  -  0.13  and try p to p h a n , Rf 0 .12  -  0 .20 .

A re g io n  was found a t  Rf O.O7 -  0 .13 which gave a yellow  

brown to  brown r e a c t io n  to  a lk a l in e  AgRO  ̂ and a red  p u rp le  w ith  

d ia z o tis e d  p -  n i t r a n i l i n e .  I t  appeared to  be a s so c ia te d  w ith  a 

r a p id ly  fa d in g  p u rp le  re a c t io n  to  d ia z o tis e d  s u lp h a n il ic  a c id . This 

su b s tan ce  was though t to  be DOPA. Pure DOPA had the  same Rf and gave
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a p u rp le  re a c t io n  w ith  s u lp h a n il ic  a c id , th e  c o lo u r however v/as 

s t a b le .  The a c t iv a t io n  and f lu o re s c e n t w avelength maxima o f th e  

unknown sample were compared w ith  those  from a known pure sam ple. 

These f ig u re s  a re  g iven  in  (Table 5 ) .

Table 5

A c tiv a tio n
w avelength

F lu o re sc en t
w avelength .

Known sample 
o f 

DOPA
285 330

Unknown sample 285 330

The change in  f lu o re s c e n t  i n t e n s i t y  w ith  pH was p lo t t e d .  The curve 

com paring th e  change in  f lu o re s c e n t i n t e n s i t y  w ith  pH o f th e  unknown 

sample w ith  a known sample o f DOPA i s  shov/n in  ( P i g . l 2a ) .  The 

f lu o re s c e n t  read in g s  were no t taken  above pH 10 .0  because of th e  form

a t io n  o f a new and h ig h ly  f lu o re s c e n t substance  in  s o lu t io n  w ith  th e  

DOPA. The f lu o re s c e n t  read in g s  were k in d ly  made by D. B u rn e tt, 

R esearch A s s is ta n t  to  P ro f . Audus in  th e  Botany Departm ent. From 

th e  f lu o re sc e n c e  d a ts  i t  would appear th a t  th e  substance  a t  Rf O.O7 -  

0.13  was DOPA o r a su b s tan ce  v e ry  s im ila r  to  DOPA.

The second compound w ith  an Rf o f 0.12 -  0 .20  gave an 

im m ediate p u rp le  co lo u r w ith  E h r lic h . The a c t iv a t io n  and f lu o r 

e sce n t w avelength maxima were compared w ith  th o se  o f a pure sample 

o f  D.L. try p to p h an  and a re  g iven  in  (Table 6 ).
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F i g .  1 2

(a )  The e f f e c t  o f pH on th e  f lu o re s c e n t  

i n t e n s i t y  o f  a known sam ple o f  DOPA 

compared w ith  an unknown sam ple.

The unknown sample was e lu te d  from 

Rf 0.07  -  0.13  o f a chromatogram o f 

th e  u n h y d ro lise d  w a ter so lu b le  

f r a c t io n .

12 (b ) The e f f e c t  on th e  f lu o re s c e n t  i n t e n s i t y

o f a known sample o f try p to p h a n  com

pared  w ith  an unknown sam ple. The 

unknown sample was e lu te d  from 

Rf 0 .12  -  0 .2 0  o f  a chromatogram o f th e  

u n h y d ro lise d  w a te r s o lu b le  f r a c t io n .
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A c tiv a tio n
wavelenfcth

F lu o re sc e n t
w aveleng th

Unknown sam ple 
o f T ryptophan . . .  2 8 5 . . 365
Known sam ple o f 
T ryptophan 285 ..........3 6 5 .......... .

The change i n  f lu o r e s c e n t  i n t e n s i t y  w ith  pH was p lo t t e d .

The cu rve  com paring th e  change in  f lu o re s c e n t  i n t e n s i t y  w ith  pH o f  

th e  unknown sam ple w ith  a known sample o f  try p to p h a n  i s  shown i n  

(F ig ,1 2 h ) .  These a n a ly se s  were a ls o  k in d ly  done hy H. B u rn e tt .

The su b s ta n c e  a t  Rf 0 .1 2  -  0 .2 0  on th e  b a s is  o f  th e  f lu o re sc e n c e  

d a ta  was re g a rd e d  as try p to p h a n , s in c e  th e  agreem ent betw een th e  

unknown sam ple and th e  known sample was v e ry  c lo s e  in d ee d .

A lthough DOPA has been  found a t  Rf 0 .07  -  0 .13  and g iv e s  

a p u rp le  r e a c t io n  w ith  d ia z o t i s e d  s u lp h a n i l ic  a c id ,  i t  may not be 

th e  o n ly  p u rp le  r e a c to r  a t  Rf 0 .1 0  -  Ô.17* .One rea so n  i s  t h a t  

DOPA has a b lu e  f lu o re s c e n c e  which rem ains b lu e  on fum ing w ith  

ammonia. The su b s ta n c e  a t  Rf 0 .1 2  -  0 .17  has a  b lu e  f lu o re sc e n c e  

chang ing  to  an in te n s e  g reen  on fum ing v d th  ammonia.

I t  was th o u g h t t h a t  th e  two compounds a t  Rf 0 .12  -  0 .17 

and 0 .4 0  -  0.48  were v e ry  c lo s e ly  r e l a te d  p h e n o lic  compounds.

T h is  c o n c lu s io n  was a r r iv e d  a t  a f t e r  a c o n s id e ra tio n  o f t h e i r  s im i la r  

p h y s ic a l  and chem ical r e a c t io n s .  I t  was though t th e y  cou ld  be d i

hydroxy p h e n o lic  compounds and e s p e c ia l ly  o rth o  d ihydroxy  s u b s ta n c e s .
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The p h e n o lic  su b s ta n c e  a t  Rf 0 .0  w ith  a ye llo w  f lu o re sc e n c e  

chang ing  to  y e llo w  g reen  on fum ing w ith  ammonia was th o u g h t to  be a 

f la v o n e . Two f la v o n e s , q u e rc e t in  and kaem pfero l a re  m entioned as 

o c c u r r in g  i n  V ic ia  f a b a , B ate-S m ith  (1962 ) . Q u e rce tin  and kaem pfero l 

were t e s t e d  w ith  d ia z o t i s e d  p -  n i t r a n i l i n e  b u t gave a  y e llo w  brown 

r e a c t io n  and no t v i o l e t  p in k  as was found f o r  t h i s  r e g io n . C o le o p ti le  

s e c t io n s  u sed  to  a ssa y  th e  w a te r s o lu b le  f r a c t io n  showed a  brov/n s t a i n  

a t  th e  ends a t  Rf 0 .0  -  O .I5 . The su b s ta n c e  cau s in g  th e  brown s t a in  

d id  n o t a p p ea r to  i n h i b i t  g row th . The su b s ta n c e  cau sin g  th e  s t a i n  

was th o u g h t to  be a p h e n o lic  su b s ta n c e . This im p re ss io n  was confirm ed 

by f a c t  t h a t  c a f f e i c  a c id  induced  a s im i la r  brown s t a i n  a t  a concen

t r a t i o n  betw een 1 .0  and 50 . 0yug /m l. Barlow and Hancock (196I )  found 

a s im i la r  s t a in in g  o f  th e  ends o f  c o le o p t i l e  s e c t io n s  which was caused  

by p h lo r id z in .

The w idesp read  o ccu rren ce  o f  su b s ta n c e s  g iv in g  a p h e n o lic  

r e a c t io n  was o b se rv ed . Some o f  th e s e  re g io n s  were a p p a re n tly  a sso c 

i a t e d  w ith  a re a s  o f h ig h  grow th a c t i v i t y .  T h is f e a tu r e  w i l l  be con

s id e re d  more f u l l y  i n  th e  d is c u s s io n .

( i v )  C olour r e a c t io n s  fo llo w in g  e lu t io n  and rechrom atography  o f th e  

u n h y d ro lis e d  w a te r  so lu b le  f r a c t io n

Three zones a t  Rf 0 .0 ,  O.4O and 0 .6 0  were e lu te d  and r e 

chrom atographed . When sp ray ed  w ith  d ia z o t is e d  p -  n i t r a n i l i n e  on ly  

one r e a c t io n  was found a t  Rf 0 .0  f o r  th e  f r a c t io n  e lu te d  from t h i s  Rf 

o r i g i n a l l y .  The same was found a t  Rf 0 .6 0 , i . e .  th e  zone e lu te d  from 

Rf 0 .6 0  gave a r e a c t io n  a t  0 .6 0  on rechrom atography . However, th e
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sp o t e lu te d  from Rf O.4 O when rechromatograr^imed gave two s p o ts ,  one 

a t  Rf 0 .0  and th e  o r ig in a l  sp o t a t  Rf O.4O. T his r e a c t io n  was con

firm ed  w ith  th e  f e r r i c  c h io r id e - f e r r ic y a n id e  re a g e n t. T his r e s u l t  

gave an in d ic a t io n  o f a  p o s s ib le  i n t e r c o n v e r t i b i l i t y  amongst p h e n o lic  

r e a c t iv e  su b s ta n c e s .

(v ) C o lour r e a c t io n s  o f  th e  r e s id u a l  w a te r  so lu b le  f r a c t io n  a f t e r  

RaOH h y d ro ly s is  and e x t r a c t io n  w ith  e th e r  a t  pH 3 .0

A f te r  a lk a l in e  h y d ro ly s is  an a r r a y  o f s tro n g  p u rp le  E h r lic h  

p o s i t iv e  r e a c t io n s  was re c o rd e d  ( P ig . l 3 a ) .  R eac tio n s were found a t  

Rf 0 .0  -  0 .0 7 , 0 .12  -  0 .2 0 , presum ably  try p to p h a n , 0 .27 -  O.42  and

0 .5 6  -  0 . 70 . These m ust have been r e le a s e d  by a lk a l in e  h y d ro ly s is  

and cou ld  n o t have come from try p to p h a n . Jepson*s a c id ic  o x id is in g  

re a g e n t gave a  f a i n t  p ink  p u rp le  a t  Rf 0 .28  -  0 .43  co rresp o n d in g  to  a 

p u rp le  E h r lic h  zone. At Rf 0 .63  -  O.7O a p ink  brown r e a c t io n  was 

n o ted  and t h i s  co rresponded  to  a  re d  p u rp le  E h r lic h  (F ig . 13b ). The 

p re se n c e  o f  p u rp le  E h r lic h  p o s i t iv e  r e a c to r s  (ap p e a rin g  i n  l e s s  than  

5 m inu tes i n  th e  c o ld )  fo llo w in g  a lk a l in e  h y d ro ly s is  o f th e  w a te r 

s o lu b le  f r a c t i o n  would seem to  in d ic a te  th e  p resen ce  o f w a te r so lu b le  

in d o le  complexes i n  V ic ia  fab a  r o o t s .  These in d o le  complexes g ive  

no r e a c t io n  to  E h r lic h  u n t i l  h y d ro l is e d . The complex i s  u n l ik e ly  to  

be an  a c e ty l  p e p tid e  because  th e s e  g ive  a p u rp le  r e a c t io n  to  E h r l ic h .

R e ac tio n s  to  n in h y d r in , ( P ig . l 3 c ) ,  showed th a t  one su b s ta n c e  

a t  th e  s t a r t i n g  l i n e  had d isa p p e a re d  b u t o th erw ise  th e  p ic tu r e  was 

s u b s t a n t i a l l y  th e  same.
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F ig . 1 3 .

C olour r e a c t io n s  o f  th e  HaOH h y d ro l is e d  w a te r  

s o lu b le  f r a c t i o n  o f  bu lk  m ethanol e x t r a c t s  o f  

4 day o ld  r o o t s .  The c o lo u r  re a g e n ts  a re  

t a b u la te d .

(a )  E h r l ic h

(b ) Jepson  a c id ic  o x id is in g  re a g e n t .

( c )  M n h y d rin  a ce to n e

(d ) d ia z o t i s e d  p -  i n t  r a n i  l i n e

(e )  UV l i g h t  and UV.A. ( a f t e r  fum ing w ith

am m onia.)



Fig 13: A = E h rlich ; B = Acid o x id is in g  agent;

C = Ninliydrin; D = p -N itra n ilin e ;  E*= U.V. ;

E"= U.V.A.
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The p h e n o lic  su b s ta n c es  r e a c t in g  to  d ia z o tis e d  p - n i t r a n i l i n e  

o f  th e  u n h y d ro lise d  f r a c t io n  have d isa p p ea red  a f t e r  a lk a l in e  h y d ro ly s is  

(F ig . 1 3 d ), The d isap p ea ran ce  could  he due to  th e  h y d ro ly s is  o f  pheno

l i c  c o n ju g a te s , l i b e r a t i n g  th e  phenol which would p ro b ab ly  have a 

d i f f e r e n t  Rf from th e  c o n ju g a te . The f lu o re sc e n c e  c o lo u rs  were 

re c o rd e d , ( F ig . l3 e ) .

( v i ) C olour r e a c t io n s  o f  th e  r e s id u a l  w a te r so lu b le  f r a c t io n  

a f t e r  HCl h y d ro ly s is  and e x t r a c t io n  w ith  e th e r  a t  pH 3 .0

A f te r  a c id  h y d ro ly s is  no la rg e  p ro d u c tio n  o f E h r lic h  p o s i t iv e  

r e a c to r s  was observed as had been found frcm a lk a l in e  h y d ro ly s is .  The 

a c id ic  o x id is in g  agen t gave no p o s i t iv e  r e a c t io n  a t  a l l .  This was no t 

s u r p r i s in g  s in c e  s tro n g  a c id  h y d ro ly s is  b reak s  down th e  in d o le  r in g  

(Jepson  p . 184 i 960 ) .  These r e s u l t s  a re  shown in  (F ig . 14a.). The nin~ 

h y d rin  p o s i t iv e  r e a c t io n s  showed a s l i ^ t  change a f t e r  h y d ro ly s is .

(F ig . 14b ) .  A f te r  a c id  h y d ro ly s is  th e  f lu o re sc e n c e  p a t te r n  b e fo re  and 

a f t e r  fum ing w ith  ammonia showed marked changes, th e  s ig n i f ic a n c e  o f 

which was no t known (F ig . 1 4 c ). ^

( v i i ) Colour r e a c t io n s  o f  th e  e th e r  so lu b le  f r a c t io n  from 

th e  RaOH h y d ro lis e d  w a te r so lu b le  f r a c t io n

The e th e r  s o lu b le  f r a c t io n  showed a p o s i t iv e  E h r lic h  re 

a c t io n  i n  b o th  th e  a c id  and th e  n e u tr a l  f r a c t io n s .  I n  the  a c id  

f r a c t io n  a p u rp le  r e a c t io n  was o b ta in ed  a t  Rf 0 .72  -  O.9O. This 

c o lo u r  r e a c t io n  was perm anent. The n e u tr a l  f r a c t io n  gave a p u rp le  

r e a c t io n ,  Rf O.85  -  à *9^* Both th e se  c o lo u rs  faded  a f t e r  3 m inutes 

and reap p ea red  a f t e r  ap p ro x im ate ly  30 m inutes as a p a le  p u ip le  co lo u r
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F ig . 14 .

C olour r e a c t io n s  o f  th e  HCl h y d ro lis e d  w a te r 

so lu b le  f r a c t io n  o f bu lk  m ethanol e x t r a c t s  o f 

4 day o ld  r o o t s .  The co lo u r re a g e n ts  a re  

ta b u la te d .

(a )  E h r lic h

(b ) M n h y d rin  ace to n e

(c )  UV l i g h t  and UV.A ( a f t e r  fuming w ith

ammonia. )



Fig 14; A = E h rlich ; B = N inhydrin; 

C*= U.V.; C"= U.V.A.
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(P ig . 15)- I n  one e x t r a c t  E h r lic h  produced a l i g h t  b lue  r e a c t io n  

changing  to  b lu e  g rey  a f t e r  10 m in u te s , a t  Rf 0 .23  -  0 .3 7 , Prom 

th e  b lu e  r a th e r  th a n  p u rp le  c o lo u r  o f  th e  r e a c t iv e  spo t t h i s  sub

s ta n c e  was th ough t to  be an hydroxy in d o le .  This su s p ic io n  was 

confirm ed by a p h e n o lic  r e a c t io n  a t  th e  same Rf, 0 .23 -  0 .3 7 , w ith  

b o th  d ia z o t is e d  p - n i t r a n i l i n e  and s u lp h a n i l ic  a c id  (P ig . 14 b & c ) .

I n  subsequen t experim en ts t h i s  r e a c t io n  could  no t be re p e a te d .

No c lu e  can be g iv en  as to  th e  i d e n t i t y  o f  th e  p u rp le -b lu e  E h r lic h  

p o s i t iv e  zones i n  th e  e th e r  so lu b le  f r a c t io n  fo llo w in g  a lk a l in e  

h y d r o ly s is .  I t  was presumed th ey  were in d o le  compounds because 

th ey  were a b sen t a f t e r  s t ro n g  a c id  h y d ro ly s is  (see  n ex t p a ra g ra p h ) . 

lAA was n o t though t to  be p re s e n t  i n  th e  a c id  f r a c t io n  a f t e r  a lk a 

l in e  h y d ro ly s is .  The Rf o f lAA was 0 .5 5  -  0 .72  and th e  Rf o f  th e  

e th e r  so lu b le  a c id  E h r lic h  p o s i t iv e  a re a s  was 0 .72  -  0 .$ 0 . I t  i s  

p o s s ib le  t h a t  lAA was p re s e n t  b u t i t s  Rf was a l t e r e d  and promoted 

by th e  p resen ce  o f o th e r  su b s ta n c es  on th e  chromatogram.

( v i i i  ) C olour r e a c t io n s  o f th e  e th e r  so lu b le  f r a c t io n  from 

HCl h y d ro lis e d  w a te r so lu b le  f r a c t io n

T his e th e r  so lu b le  f r a c t io n  showed no p u rp le  o r b lue  

E h r lic h  p o s i t iv e  r e a c t io n s  ( P i g . l 6 ) .  When examined under u l t r a 

v i o l e t  l i g h t  a number o f f lu o re s c e n t  zones were observed , sane o f 

which changed c o lo u r  m arkedly  when fumed w ith  ammonia ( P ig . l6 ) .

I n  th e  a c id  f r a c t io n  th re e  r e a c t io n s  to  d ia z o tis e d  p - n i t r a n i l i n e  

were re c o rd e d . These had th e  fo llo w in g  R f 's ,  0 .75  -  0 ,8 2 , p ink  brown ; 

0 .82  -  0 .8 7 , g re y ; and O.87  -  0 .9 2 , v i o l e t  p ink  ( F ig . l6 ) .  The m iddle
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F ig . 1 5 .

C olour r e a c t io n s  o f  th e  e th e r  so lu b le  a c id  and 

n e u tr a l  f r a c t io n s  e x tr a c te d  from th e  HaOH 

h y d ro lis e d  w ater so lu b le  f r a c t io n  o f bu lk  

m ethanol e x t r a c t s  o f  4 day o ld  r o o t s .  The 

c o lo u r  re a g e n ts  a re  ta b u la te d .

(a )  E h r lic h

(b ) d ia z o tis e d  p -  n i t r a n i l i n e

(c )  d ia z o t is e d  s u lp h a n i l ic  a c id

(d) UV l i g h t  and UV.A ( a f t e r  fuming w ith

am m onia.)

( i )  H e u tra l f r a c t io n

( i i )  Acid f r a c t io n  

( i i i )  Acid + H e u tra l f r a c t io n .



Fig 13: = E h rlich ; A^^ = E h rlich ; A^^^ = E h rlich ;

B = p -N itra n ilin e ;  C = S u lp h an ilic  ac id ; D*= U .V .;

!)’•= Ü.V.A.
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Fiff. 16

C olour r e a c t io n s  o f  th e  e th e r  so lu b le  a c id  and 

n e u tr a l  f r a c t io n s  e x tr a c te d  from th e  HCl hydro

l i s e d  w a te r so lu b le  f r a c t io n  o f bu lk  m ethanol 

e x t r a c t s  o f  4 day o ld  r o o t s .  The c o lo u r  

re a g e n ts  a re  ta b u la te d .

(a )  UV l i g h t  and UV.A. ( a f t e r  fum ing w ith

am m onia.)

(b ) d ia z o t is e d  p -  n i t r a n i l i n e

(c )  d ia z o t is e d  s u lp h a n i l ic  a c id .

(d ) E h r l ic h .

( i )  N eu tra l f r a c t i o n .

( i i )  Acid f r a c t io n

( i i i )  Acid + n e u tr a l  f r a c t io n .



Fig  16: = U.V.; = U.V.A. ; A ^ ^ '= U .V .;

A^ '̂* = U.V.A.; B = p -N itra n i lin e ;  C = S u lp h an ilic  

a c id ; D = E h rlich .
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zone had a p a le  b lu e  f lu o re sc e n c e  chang ing  to  b r ig h t  b lu e  when fumed 

w ith  ammonia. p -  Coumaric a c id  which has been reco rd ed  f o r  V ic ia  

f a b a , B ate-Sm ith  (1962 ) , has s im i la r  f lu o re sc e n c e  changes and g iv es  

a g rey  r e a c t io n  to  d ia z o t i s e d  p -  n i t r a n i l i n e .  The a n a ly s is  o f  t h i s  

compound a t  Rf 0 .82  -  O.87  has n o t been c a r r ie d  any f u r th e r  a t  p re s e n t

( ix )  P resen ce  o f  a su sp e c te d  p h e n o lic  su b s ta n c e  i n  washed 

chrom atography p a p e r .

Blank chromatograms o f s o lv e n t washed chrom atography p aper 

a f t e r  b e in g  chrom âtogrammed and d r ie d  showed a l i g h t  b lu e  w h ite  f lu o r 

escence  a t  Rf 0 .9 0  -  1 .0 ,  i . e . ,  j u s t  beh ind  th e  so lv e n t f r o n t .  T his 

f lu o r e s c e n t  re g io n  a ls o  gave a p a le  p ink  r e a c t io n  to  d ia z o tis e d  

p - n i t  r a n i  l i n e .  T h is p in k  r e a c t io n  was presum ably  due to  th e  accum

u l a t i o n  o f  p h e n o lic  l ik e  su b s ta n c e s  a t  th e  so lv e n t f r o n t .  The p ink  

zone was a s s o c ia te d  w ith  an a re a  o f  c o le o p t i le  grow th in h ib i t io n  and 

s u r p r i s in g ly  w ith  a s t a t i s t i c a l l y  s ig n i f i c a n t  prom otion  o f growth in  

th e  pea ro o t  e x te n s io n  t e s t .  (See C hap ter IVB, ( v ) . )  No in d ic a t io n  

has so f a r  been found why t h i s  zone shou ld  be p re s e n t  i n  washed p ap er 

o r  what i t  i s .

The r e l a t io n s h ip  o f th e  c o lo u r r e a c t io n s  to  growth a c t i v i t y  

w i l l  be c o n s id e re d  a g a in  i n  th e  second h a l f  o f  th e  d is c u s s io n .
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(b ) e f f e c t  o f GEOTROPIC STIMIATION ON TEE AUXIN CONTENT 

Œ  ROOT TIPS

I t  i s  g e n e r a lly  accepted  th a t la t e r a l  geo trop ic  s t im u la tio n  

produces a change in  the con cen tra tion  or d is tr ib u t io n  o f auxin  in  

c e l l s  o f the upper and lower h a lves o f  root t ip s .  The c la s s i c a l  

theory due to  Cholodny and Went (1927) p ostu la ted  a tran sverse  d i s 

tr ib u t io n  of auxin  frcm the upper s id e  o f the root t ip  to  the lower 

su rface  under the in flu en ce  o f  a g r a v ita t io n a l stim u lu s.

Audus and Brownbridge (1957) in v e stig a ted  the e f f e c t s  o f  

l a t e r a l  geo trop ic  s t im u la tio n  on the growth response o f Pisum sativum  

r o o ts .  From th e ir  r e s u lt s  they concluded there was a rapid product

io n  o f a root growth in h ib ito r  which could be an auxin  but not lAA. in  

the lower h a lf  o f the ex te n s io n  zone o f r o o ts . They suggested  th at  

th is  rapid production  o f  auxin  could be due to  a sudden l ib e r a t io n  of 

f r e e  a c t iv e  auxin  from a bound in a c t iv e  form or to  a burst o f syn 

th e s is  from a precu rsor . This la t t e r  idea was a ls o  suggested  by van

Overbeek e t  a l  (1945)* This h yp oth esis had to  be proved by chromato

graphic sep a ra tio n  and b io a ssa y . I t  was found th a t the narrow root

o f Pisum was too  d i f f i c u l t  to  handle fo r  s p l i t  root experiments and 

V ic ia  faba ro o ts  were used in  i t s  p la c e . A study th erefore  was made 

o f the growth substances in  the eth er so lu b le  and eth er in so lu b le ,  

w ater so lu b le  fr a c t io n s  o f V ic ia  root t i p s ,  L ahiri and Audus ( 1960) .  

I t  was observed that the b a sic  p a ttern  o f growth a c t iv e  substances  

was e s s e n t ia l ly  the same as found fo r  Pisum, Audus and Gunning (1958)«
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The ro o t  t i p s  o f V ic ia  when g e o tro p io a l ly  s t im u la te d  showed 

an ex trem ely  la rg e  and ra p id  p ro d u c tio n  o f an e th e r  so lu b le  a c id  growth 

p rom oter A P ( i i ) ,  Audus and L a h ir i  (1961 ) . T his grow th su b s ta n c e  which 

was a  ro o t  grow th i n h i b i t o r  occu rred  a t  th e  lAA p o s i t io n  on th e  chroma

tog ram s. The p ro d u c tio n  o f A P ( ii)  b u i l t  up to  a maximum a t  40  m inu tes 

and th en  d im in ish ed  r a p id ly .  V/hen experim en ts w ith  s p l i t  ro o t t i p s  

were perform ed to  p o s i t io n  th e  fo rm a tio n  o f  A P ( ii)  i t  was found t h a t  

more was a p p a re n tly  produced in  th e  u p p er h a l f  th an  i n  th e  low er h a l f  

o f  th e  ro o t  t i p ,  L a h ir i  (1959)» T his was c o n tra ry  to  th e o r e t i c a l  

e x p e c ta t io n .

( i  ) E th e r  so lu b le  a c id  au x in s  o f v e r t i c a l  and g e o tro p ic a l ly  

s t im u la te d  whole ro o ts

I n  a l l  experim en ts 100 ro o t t i p s ,  ap p ro x im ate ly  1 .0  g . ro o t  

m a te r i a l ,  was u se d . The r e s u l t s  a re  shown in  ( F ig . iy a - u ) .

I t  was e v id e n t t h a t  g e o tro p ic  s t im u la t io n  produced d i s t i n c t 

iv e  changes i n  th e  au x in  c o n te n t o f V ic ia  r o o t s .  A lto g e th e r  fo u r  

p rom oters and one i n h i b i t o r  were found. The prom oters have been 

named E l,  E2, E3 and S4 . The E in d ic a te d  e th e r  s o l u b i l i t y  and th e  

number in d ic a te d  th e  p o s i t io n  o f  the  p rom oter r e l a t i v e  to  the  s t a r t i n g  

l i n e .  The Rf v a lu e s  f o r  th e  prom oters were E l ,  0 .0  -  0 .2 $ ;

E2, 0 .3 5  -  0 .5 5 ; S3, 0.55  -  0 .7 5 ; 2 4 , 0 .85  -  1 . 0 . The i n h ib i t o r  

was lo c a te d  a t  a p p ro x im a te ly  0 .75  -  O.85 .
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F ig . 17 (a -  u )

Oat f i r s t  in te rn o d e  a s sa y  o f  th e  e th e r  so lu b le  

a c id  au x in s  i n  v e r t i c a l  and g e o tr o p ic a l ly  

s t im u la te d  whole ro o t t i p s .  0 .7  mm ro o t  t i p s  

and 1 .0  g . ro o t  t i s s u e  was u sed  i n  a l l  

e x p e rim e n ts .

(Growth resp o n se  as ^  o f c o n tro ls  p lo t t e d  

a g a in s t  Rf v a lu e s )
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Where more th a n  one experim ent has been perform ed a t  any 

s p e c i f i c  s t im u la t io n  tim e th e  u pper and low er l im i t s  o f au x in  co n ten t 

from th e  experim en ts has been rec o rd e d . T his has been shown by p u t t in g  

i n  th e  maximum and minimum v a lu e s  as p a r a l l e l  l i n e s  above and below the  

mean v a lu e . Where th e  f ig u re  0 has been p lac ed  below th e  minimum 

v a lu e  t h i s  means th a t  a s ig n i f i c a n t  grovrth resp o n se  was not reco rd ed  

f o r  a t  l e a s t  one experim ent a t  th e  s p e c i f i c  s t im u la t io n  tim e .

Prom oter E l was n o t found r e g u la r ly  i n  e i t h e r  v e r t i c a l  o r 

h o r iz o n ta l ly  s t im u la te d  r o o t s .  The c o n te n t o f E l i n  v e r t i c a l  ro o ts  

i n  lAA e q u iv a le n ts  was 5*85 % 10 ^ u g / g .  ro o t t i s s u e .  The clmnge in  

c o n te n t o f  E l w ith  s t im u la t io n  i s  shown i n  ( F lg . l 8 ) .  No la rg e  change 

in  c o n te n t r e s u l t i n g  from h o r iz o n ta l  s t im u la t io n  v/as observed .

E l has an Rf ap p ro x im ate ly  th e  same a s  A P (i) , L a h ir i  and 

Audus ( i 960 ) , v/ho have i n  tu rn  compared A P (i) to  "accelerator"(yC  

B ennet-C lark  and K effo rd  ( l9 5 3 ) . K effo rd  (l955& ). The com parison 

was based  p a r t i a l l y  upon s im i la r  Rf v a lu e s  a lth o u g h  A P (i) was lo c a te d  

when u s in g  a n e u tr a l  so lv e n t and "ac c e le ra to r(K  was found w ith  an 

ammoniacal s o lv e n t .  The most im p o rta n t s i m i l a r i t y  betw een A P (i) 

and " a c c e le r a to r ^  was t h e i r  a b i l i t y  to  prom ote bo th  c o le o p t i le  so lv e n t 

and pea ro o t  s e c t io n  e x te n s io n  grow th . T his i s  not a c h a r a c t e r i s t i c  

o f lAA which w i l l  prom ote ro o t  s e c t io n  growth on ly  a t  v e ry  d i lu t e  con

c e n t r a t io n s .  Stowe and Thimann (1953) su g g ested  th a t  " a c c e l e r a to r " d  

was in d o ly l  p y ru v ic  a c id  (iPyA ). However, t h i s  was u n l ik e ly

because IPyA in h ib i t e d  ro o t growth a t  a l l  c o n c e n tra tio n s  a t  which i t  

prom oted c o le o p t i le  grow th , B en tley  (1956 ) . Audus and Gunning (1958 ) 

su g g ested  th a t  in d o ly l  a c e ty la s p a r t i c  a c id  (lAc Asp) could be c a u s in g



100

th e  growth prom otion a t  th e  " a c c e le ra to r^ ^ p o s i t io n .  I t  was growth 

a c t iv e  and i t s  Rf i n  iso p ro p a n o l, ammonia, w a te r , v/as n e a r  th e  s t a r t 

in g  l i n e .  B ennet-C lark  and W heeler (1959) h y d ro lis e d  th e  " a c c e le ra to r" o (  

zone w ith  7 .0  I'l NaOH and found no r e le a s e  o f lAA. Under th e  same 

ex p erim en ta l c o n d itio n s  lAc Asp d id  y ie ld  lAA. From th e s e  r e s u l t s  

B ennet-C lark  and W heeler decided  t h a t  " a c c e le r a to r "  was n o t lAA.

Prom oter E4 was lo c a te d  n e a r  th e  so lv e n t f r o n t ,  Rf O.85  -  1 .0  

and by v i r tu e  o f  i t s  Rf i n  th e  same so lv e n t i t  could be s im i la r  to  

A P ( i i i )  found by L a h ir i  and Audus (196O). I t  was no t found r e g u la r ly  

and th e  growth s t im u la t io n  a t  t h i s  re g io n  was sm a ll, no t exceed ing  35^ 

above th e  c o n tr o ls .  No la rg e  change i n  c o n te n t r e s u l t i n g  from 

in c r e a s in g  h o r iz o n ta l  s t im u la t io n  was observed  ( F ig . l 8 ) .  This observ

a t io n  i s  i n  c o n tr a s t  to  th e  o b se rv a tio n s  o f Audus and L a h ir i  (196I )  

who found a s ig n i f i c a n t  change i n  th e  c o n c e n tra tio n  o f A P ( i i i )  w ith  

in c r e a s in g  s t im u la t io n  tim e . They su g g ested  a c o r r e l a t io n  betw een 

th e  f a l l  i n  c o n c e n tra tio n  o f  A P ( i i i )  and th e  r i s e  in  c o n c e n tra tio n  o f 

A P ( i i ) .  No such c o r r e la t io n  cou ld  be made between E4 and th e  m ajor 

grov/th prom oter E3.

The growth prom oter in  th e  lAA re g io n  showed th e  most i n t e r 

e s t in g  changes. T his grow th prom oting  re g io n  f re q u e n t ly  d isp la y e d  a 

marked d e p re s s io n  ap p ro x im ate ly  i n  th e  m iddle o f th e  growth a c t iv e  

zone e .g .  ( F ig .l7  F ,G ,J ,P ,Q ) . The g e s t i o n  v/as r a i s e d :  was an

im p u rity  o r  growth i n h i b i t o r  o f  s im i la r  Rf i n t e r f e r i n g  w ith  th e  growth 

resp o n se  o r  were two p rom oters o f n e a r ly  s im i la r  Rf b u t d i f f e r e n t  

growth a c t i v i t i e s  i n t e r a c t in g  w ith  one an o th e r?  For th e  pu rposes o f
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E ffe c t  o f  geotrop ic  stim u la tio n  on the e th er  so lu b le  

content o f  whole root t ip s .  The auxin content i s  

expressed as lAA eq u iva len ts in y u g /g . root t i s s u e .

(a ) Change in  content o f E l, Rf 0 .0  -  0 .25

(b) Change in  content o f E2, Rf 0 .35  -  0 .55; and

E3, Rf 0 .55  -  0 .7 5 .

(c )  Change in  content o f E4, Rf 0 .85  -  1 , 0 .

The two p a r a lle l  l in e s  on e ith e r  s id e  of the mean auxin

value rep resen t the h ig h est and low est va lu es o f auxin con

ten t recorded for  each stim u la tio n  tim e. Where a 0 has 

been p laced  below the minimum v a lu e , a t l e a s t  one of th ese  

experim ents did not produce a s t a t i s t i c a l l y  s ig n if ic a n t  

growth response.
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d is c u s s io n  i t  has "been assumed th a t  two p rom oters m i ^ t  he p re s e n t .  

These have heen c a l le d  E2 and E3. The change in  co n ten t o f E2 and 

E3 w ith  in c r e a s in g  s t im u la t io n  tim e have heen p lo t t e d  ( E ig . l8 ) .

I t  was though t t h a t  th e  changes in  c o n te n t o f  E2 were n o t s u f f i c i e n t l y  

d i f f e r e n t  from th o se  found in  E3 to  assume t h a t  i t  was a d i f f e r e n t  

su b s ta n c e . I t  i s  su g g ested  t h a t  on ly  one growth p rom oter, E3, was 

p re s e n t  and t h a t  th e  grow th resp o n se  o f  E3 was m od ified  hy a growth 

i n h i b i t o r .  Depending on th e  c o n c e n tra tio n  o f  th e  i n h i b i t o r  and i t s  

Rf i n  r e l a t i o n  to  E3, so  th e  growth resp o n se  o f  E3 would be m o d ified . 

The d e p re ss io n  m ight occu r i n  th e  m iddle o f  th e  growth response  or 

n e a re r  th e  t a i l  o f a c t i v i t y  o f E3. C o lo rim e tr ic  ev idence f o r  th e  

p resen ce  o f a p h e n o lic  compound p ro b ab ly  an a c id  has been found.

T his su b s tan ce  has an Rf o v e rla p p in g  and s l i g h t l y  ahead o f  th e  p o s i t io n  

o f  E3. Dr. S. A. Gordon (p e rso n a l comm unication to  P ro f . Audus) has 

a ls o  found a d e p re ss io n  i n  th e  a c t i v i t y  o f a growth prom oter a t  th e  

lAA p o s i t io n .  The d e p re ss io n  was caused by an im p u rity  which 

Dr. Gordon was a b le  to  remove and so o b ta in  a uniform  peak o f  growth 

a c t i v i t y .

Prcm t h i s  p o in t th e  prom oter a t  Rf O.4O -  0 .75  w i l l  be 

r e f e r r e d  to  as E3. On s t im u la t io n  th e  c o n te n t o f E3 ex p ressed  in  

yug/g. ro o t  t i s s u e  lAA e q u iv a le n ts  ro se  from 1 .53  ^  10” ^ i n  u n s tim u la te d  

ro o ts  to  1 . 8 5 yug/g. a t  20 m in u te s . The ra p id  r i s e  was fo llow ed  by a 

s te a d y  f a l l ,  th e  low est va lue  o f  3*13yag /g . lAA e q u iv a le n ts  b e in g

reco rd ed  a t  40  m in u te s . The d if f e r e n c e  i n  c o n te n t from th e  h ig h e s t  

v a lu e  reco rd ed  and th e  lo w est re p re se n te d  ap p ro x im ate ly  a 60 -fo ld
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d ecrease . These changes are shown in  ( F i g . l j ) .  The va lu es o f  E3 

in  con tro l roots i s  shown in  the same f ig u r e .

The histogram s A, E, I ,  J , R, P, S should he noted . In  

th ese  experim ents the l e v e l  o f  E3 appears grea ter  than in  other  

experim ents a t s im ila r  stim u la tio n  tim es. I t  ^ms recorded th a t  

th ese  experim ents were d if fe r e n t  from the others in  one r e sp e c t .

They were stored  with the acid  and neutra l fr a c tio n s  to g eth er  at  

-18°C fo r  6 days a t pH 3-0  w hile other wozk was completed. Formally 

the acid  and n eu tra l fr a c tio n s  were separated before storage and the  

storage  tim e was r a r e ly  more than l6  hours. I t  was su spected  th at  

the in crea se  in  E3 content m i^ t  be caused by the breakdown o f an 

in a c t iv e  precursor in  the eth er  so lu b le  n eu tra l fr a c t io n  to  g iv e  an 

a c t iv e  a c id . I f  t h is  should prove to  be correct then i t  would be 

s im ila r  to  the r e le a se  o f  lAA from an in a c t iv e  la b i le  e th er  so lu b le  

n eu tra l or weakly a c id ic  substance found in  oat c o le o p t i le  t ip s ,  

Raadts and Soding (1957).

A c h a r a c te r is t ic  fea tu re  o f the e th er  so lu b le  chromato

grams was an in h ib ito r  a t Rf 0 .75  -  C.8 5 . This in h ib ito r  p was 

found by L ah iri and Audus (196O) and by Bennet-Clark and Kef ford  

(1953) . By i t s  p o s it io n  r e la t iv e  to  the lAA maiker spot i t  i s  

thought to  correspond to  'in h ib ito r  p” . When sprayed w ith  d ia z o tise d  

p -  n it r a n i l in e  a p in k ish  spot denoting a p h en olic  r ea c tio n  was 

found a t th is  R f . A p h en olic  rea c tio n  fo r  the in h ib ito r  P complex 

has a lso  been found by Torrey (1959).
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E f fe c t  o f  g e o tro p ic  s t im u la t io n  on th e  e th e r  s o lu b le  

au x in  c o n te n t o f whole ro o t t i p s .  The au x in  co n te n t 

i s  ex p ressed  as lAA e q u iv a le n ts  in y ig /g .  ro o t t i s s u e .

Comparison o f  th e  change in  c o n te n t o f E3 i n  s t im u la te d  

and c o n tro l  ro o t  t i p s .

The two p a r a l l e l  l i n e s  on e i t h e r  s id e  of th e  mean 

au x in  v a lu es  re p re s e n t  th e  h i p e s t  and low est v a lu e s  

rec o rd ed  fo r  each s t im u la t io n  tim e .
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The e f f e c t  o f  g e o tro p ic  s t im u la t io n  on th e  l a t e r a l  

r e d i s t r i b u t i o n  o f  au x in  i n  ro o t  t i p s .

The Cholodny-Went th e o ry  o f  geo trop ism  has been a c c ep ted  as 

a b a s ic  p r in c ip le  by many p la n t  p h y s io lo g is t s .  T his th e o ry  depends 

on th e r e  b e in g  i n  p o s i t iv e l y  r e a c t in g  ro o ts  on o p tim a l o r  su p ra  

o p tim al c o n c e n tra tio n  o f  au x in  such th a t  i t s  d e f le c t io n  to  th e  low er 

s id e  o f  th e  ro o t  causes in c re a s e d  i n h ib i t i o n  th e re  and a r e le a s e  of 

i n h i b i t i o n  on th e  u p p e r s u r f a c e .  The p io n e e r in g  work on th e  l a t e r a l  

t r a n s p o r t  o f au x in  has been t h a t  o f  DoIk (1936) who worked on c o le o p - 

t i l e s .  He found a l a t e r a l  r e d i s t r i b u t i o n  o f  au x in  i n  th e  r a t i o  o f 

38^  f ra n  th e  u p p e r h a l f  and 62^ from th e  low er h a l f  o f th e  Avena 

c o le o p t i l e .  Ching and Fang (195^) t r e a te d  c o le o p t i l e s  w ith  lAA-C^^ 

and th en  a n a ly se d  th e  up p er and low er h a lv e s  o f th e  c o le o p t i l e s  

in s te a d  o f  c o l l e c t in g  th e  t r a n s p o r te d  lAA i n  r e c e iv e r  b lo c k s . They 

found no d if f e r e n c e  betw een th e  two h a lv e s .  G i l le s p ie  and Thimann 

(1961 ) d id  c o l l e c t  th e  t r a n s p o r te d  lAA-C^^ i n  r e c e iv e r  b lo c k s . They 

found 40^  i n  th e  u p p e r b lock  and 60^ i n  th e  low er r e c e iv e r  b lo c k .

These r e s u l t s  d id  confirm  th e  work o f  Dolk and gave added c o n firm a tio n  

to  th e  l a t e r a l  t r a n s p o r t  th e o ry . I n  th e  fo llo w in g  experim en ts i t  

was hoped to  lo c a te  th e  p o s i t io n  o f th e  in c re a s e d  au x in  p ro d u c tio n  

and i f  p o s s ib le  to  throw  some l i g h t  on th e  l a t e r a l  t r a n s p o r t  th e o ry .

( i i ) E th e r  s o lu b le  a c id  au x in s  o f  v e r t i c a l  and g e o tr o p ic a l ly  

s t im u la te d  lo n g i tu d in a l ly  s p l i t  ro o ts

Each e x p erim en ta l sam ple c o n s is te d  o f  100 h a l f  ro o t t i p s .  

Because o f  th e  im portance  o f  th e  change i n  c o n te n t o f  E3, on ly  th e
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changes i n  t h i s  re g io n  w i l l  he c o n s id e re d . The r e s u l t s  o f  th e  ex

p e rim en ts  a re  shown i n  (F ig .2 0 a -h ) .

The assum ption  has been made t h a t  th e  au x in  c o n te n t from 

each lo n g i tu d in a l  h a l f  o f  th e  ro o t  when added should  ap p ro x im a te ly  

eq u al th e  c o n te n t o f  th e  whole ro o t  t i p s .  The change i n  c o n te n t o f 

E3, r e s u l t i n g  from g e o tro p ic  s t im u la t io n ,  o f  th e  combined up p er and 

low er h a lv e s  has been compared w ith  th e  v a lu e s  reco rd ed  f o r  whole 

r o o t s .  These r e s u l t s  a re  shov/n i n  (F ig .2 1 a ) .  The au x in  c o n te n t 

o f  th e  u p p e r h a l f  r e l a t i v e  to  th e  low er h a l f  o f v e r t i c a l  and g e o t r o p ic a l ly  

s t im u la te d  ro o ts  i s  shown i n  (F ig .2 1 b ) . The E3 c o n te n t from s p l i t  ro o ts  

rem ained a t  a u n ifo ira  le v e l  from 0-30 m inu tes and th en  f e l l  s l i g h t l y .

The amount o f  E3 from s p l i t  r o o ts  was one f i f t h  th e  amount rec o rd ed  

f o r  whole r o o t s .  No change in  c o n te n t w ith  in c r e a s in g  s t im u la t io n  

tim e was se e n . The au x in  c o n te n t i n  s p l i t  ro o ts  was more o r  l e s s  

ev en ly  d i s t r i b u t e d  betw een th e  two h a lv e s  b o th  i n  v e r t i c a l  and geo

t r o p i c a l l y  s t im u la te d  r o o t s .  No la rg e  accum ula tion  o f E3 i n  e i t h e r  

th e  u p p e r o r  lov/er h a l f  was re c o rd e d . These r e s u l t s  su g g e s te d  t h a t  

an ex trem e ly  ra p id  i n a c t i v a t i o n  o r  d e s t r u c t io n  o f aux in  was ta k in g  

p la c e  i n  lo n g i tu d in a l ly  s p l i t  r o o t s .  I t  v/as l i k e l y  th e  i n a c t iv a t io n  

o r  d e s t r u c t io n  was o c c u rr in g  a t  th e  c u t s u r f a c e .  There have been 

r e p o r t s  o f  th e  d e s t r u c t io n  o f  lAA in  t i s s u e s ,  Bonner and Thimann (1935)? 

Tang and Bonner (1948 ) ,  and e s p e c ia l ly  a t  c u t s u r fa c e s  o f  t i s s u e s ,  van 

Overbeek (1938). G a lston  and D ah lberg  ( l9 5 4 ) show t h a t  th e  d e s t r u c t io n  

o f  added lAA in  e t i o l a t e d  pea e p ic o ty l  t i s s u e  occurs im m ed ia te ly  i n  

o ld e r  t i s s u e  b u t th e r e  i s  a l a g  i n  younger t i s s u e .  No r e p o r ts  have 

been found o f  th e  r a t e  o f  d e s t r u c t io n  o r  i n a c t iv a t io n  o f lAA o c c u rr in g
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P ig . 2 0 . (a - % )

Oat f i r s t  in te rn o d y  a s sa y  o f th e  e th e r  so lu b le  a c id  

a u x in s  i n  v e r t i c a l  and g e o tr o p ic a l ly  s t im u la te d  

lo n g i tu d in a l ly  s p l i t  ro o t  t i p s .  (0 .7  mm. t i p s )  

Growth resp o n se  as ^  o f  c o n tro ls  p lo t t e d  a g a in s t  

Rf v a lu e s .

The words u pper and low er n ex t to  each  s t im u la t io n  

tim e in d ic a te  from which h a l f  o f th e  ro o t t i p  th e  

a s sa y  was made.
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F ig . 20 (o -  t )  ( c o n t .)

Oat f i r s t  in te m o d e  a ssa y  o f th e  e th e r  so lu b le  

a c id  aux in s i n  v e r t i c a l  and g e o tr o p ic a l ly  s tim u

l a t e d  lo n g i tu d in a l ly  s p l i t  ro o t  t i p s .  Growth 

resp o n se  as ^  o f c o n tro ls  p lo t te d  a g a in s t  Rf 

v a lu e s .
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F ig . 21

The change i n  c o n te n t o f E3 r e s u l t i n g  from geo t r o p ic  

s t im u la t io n .  The au x in  c o n te n t i s  ex p ressed  as lAA 

e q u iv a le n ts  in y ig /g  ro o t t i s s u e .

(a )  Comparison o f E3 from whole and lo n g i tu d in a l ly

s p l i t  ro o t t i p s .

(b ) Comparison o f E3 from th e  u p p er h a l f  i n  r e l a t i o n

to  E3 from the  low er h a l f  o f g e o tr o p ic a l ly  

s t im u la te d  ro o t t i p s .

The two p a r a l l e l  l i n e s  on e i t h e r  s id e  o f 

th e  mean au x in  v a lu e s  r e p re s e n t  th e  h ig h e s t  and 

low est v a lu e s  o f au x in  c o n te n t reco rd ed  f o r  

each s t im u la t io n  tim e .
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i n  l e s s  th an  one m in u te . These a sp e c ts  w i l l  he co n sid e red  a t  g r e a te r  

le n g th  i n  th e  d is c u s s io n .

( i i i ) E th e r  in s o lu b le  w a te r  so lu b le  au x in s o f v e r t i c a l  and 

f ireo tro p ica lly  s t im u la te d  whole ro o ts

The w a te r so lu b le  e x t r a c t s  from v e r t i c a l  and h o r iz o n ta l ly  

s t im u la te d  ro o ts  were assayed  w ith  th e  Avena c o le o p t i le  t e s t .  The 

r e s u l t s  a re  shovm i n  ( ? ig .2 2 a -k ) .  T his a ssa y  re v e a le d  th e  p resen ce  

o f  fo u r  growth p ro m o te rs . These p rom oters have been c a l le d  Wl, W2,

V/3 and V̂ 4- The W in d ic a te d  a r e l a t i v e l y  more w a te r so lu b le  growth 

su b s ta n c e  and th e  number in d ic a te d  th e  p o s i t io n  r e l a t i v e  to  th e  s t a r t 

in g  l i n e .  The R f’ s o f th e  p rom oters were Wl, 0 .0  -  0.15? W2, 0 .2  -  

0 .3 ;  W3, 0 .4 0  -  0 . 55? W4, 0 .6  -  0 .8 0 . One i n h i b i t o r  w ith  an Rf o f 

0 .8  -  10 was found .

The change i n  c o n te n t o f  Wl, W2, W3 and W4 r e s u l t i n g  from 

g e o tro p ic  s t im u la t io n  i s  shown i n  (P ig .2 3 ) .  W3 and W4 were f r e q u e n t ly

in a d e q u a te ly  s e p a ra te d  on th e  chrom atogram. T his e s p e c ia l ly  happened

d u rin g  g e o tro p ic  s t im u la t io n  when more o f  each was produced . To over

come th e  d i f f i c u l t y  o f  t r y in g  to  s e p a ra te  one from th e  o th e r ,  th ey  

have been combined and c a l le d  W3 & 4? and rec o rd ed  as one grovrth 

p rom o ter.

V/ith in c r e a s in g  g e o tro p ic  s t im u la tio n  tim e th e  g e n e ra l t re n d  

f o r  Wl appeared  to  be an in c re a s e d  p ro d u c tio n . The va lue  o f Wl in  

v e r t i c a l  ro o ts  was 0.55y^g/g* ro o t  t i s s u e ,  lAA e q u iv a le n ts  r i s i n g  to  

a maximum, a f t e r  30 m inutes h o r iz o n ta l  s t im u la t io n ,  o f  1 .1 ? y ig /g .  lAA
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F ig . 22 (a -  W)

Oat c o le o p t i le  a ssay  o f th e  e th e r  in s o lu b le  w a te r 

so lu b le  aux ins i n  v e r t i c a l  and g e o tr o p ic a l ly  

s t im u la te d  whole ro o t t i p s .  Growth response  as 

fo o f  c o n tro ls  p lo t t e d  a g a in s t  Rf v a lu e s .
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F ig .  23

E f f e c t  o f  g e o tro p ic  s t im u la t io n  on th e  e th e r  in s o lu b le  

w a te r  s o lu b le  a u x in  c o n te n t o f whole ro o t  t i p s .  The 

a u x in  c o n te n t i s  e x p re ssed  a s  lAA e q u iv a le n ts  in y u g /g . 

ro o t  t i s s u e .

( a )  Change i n  c o n te n t o f  Wl, Rf 0 .0  -  0 .1 5

(b ) Change i n  c o n te n t o f  W2, Rf 0 .2  -  0 .3

(c )  Change i n  c o n te n t o f  W3 & 4? F f  0 .4 0  -  0 .6 0 .

The two p a r a l l e l  l i n e s  on e i t h e r  s id e  o f  th e  mean 

a u x in  v a lu e s  r e p re s e n t  th e  h i p e s t  and lo w est v a lu e s  

o f  a u x in  c o n te n t re c o rd e d  f o r  each s t im u la t io n  tim e .
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e q u iv a le n ts . The va lues f o r  V/2 fo llow ing  g eo tro p ic  s tim u la tio n  showed 

co n sid erab le  f lu c tu a t io n .  A h igh  value of 1«25yig/g . lAA eq u iv a len ts  

was recorded in  v e r t i c a l  ro o ts .  This value v/as obtained  from one 

experim ent only and i t  i s  p o ss ib le  th a t  th e  mean from a number of 

experim ents might have been low er. G eotropic s tim u la tio n  re s u l te d  in  

a rap id  f a l l  in  con ten t a t  10 m inutes follow ed by a steady  r i s e  to  

7 .5  X 10~^yig/g . lAA eq u iv a len ts  a t  20 m inu tes. This r i s e  in  con ten t 

was succeeded by a f a l l  in  con ten t again  to  the  low est value recorded 

f o r  W2, 9 .9  X 10"^yug/g. lAA e q u iv a le n ts . The low est recorded  values 

fo r  W3 & 4 were found in  v e r t i c a l  ro o ts .  In c re a s in g  h o r iz o n ta l stim u

la t io n  re s u l te d  in  a s tead y  r i s e  in  th e  con ten t f o r  W3 & 4, reach ing  

i t s  maximum value of 7*^ z  10"^y ig /g . a t  40 m inutes.

( iv )  E ther in so lu b le  w ater so lu b le  auxins o f v e r t i c a l  and 

g e o tro p ic a lly  s tim u la te d  lo n g itu d in a l ly  s p l i t  ro o ts

The r e s u l t s  o f th ese  experim ents a re  shown in  (F ig .24 a -  t ) .  

In  n e a r ly  h a l f  th e  chromatograms of s p l i t  ro o ts  a s tro n g  in i i ib i to r  was 

found in  th e  f i r s t  v i a l ,  i . e .  a t  th e  s t a r t i n g  l i n e .  I t  was suspected  

th i s  in h ib i t io n  was an a r t e f a c t  a r i s in g  from th e  lo n g itu d in a l c u tt in g  

o f the  ro o ts , s in c e  i t  d id  not appear in  whole ro o t e x tr a c ts .  I t  d id  

make th e  va lues c a lc u la te d  fo r  the  con ten t of Wl in  each h a l f  r a th e r  

in c o r r e c t .

The change in  t o t a l  con ten t o f Wl, W2, W3 & 4 from upper and 

low er halves o f v e r t i c a l  and g e o tro p ic a lly  s tim u la te d  ro o t t ip s  com

pared  to  th e  va lues of whole ro o ts  i s  shown in  (F ig .25) . The con ten t
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P ig . 24 (a -  1)

Oat c o le o p ti le  assay  o f the e th e r  in so lu b le  w ater 

so lu b le  auxins in  v e r t i c a l  and g e o tro p ic a lly  

s tim u la te d  lo n g itu d in a l ly  s p l i t  ro o t t i p s .  Growth 

response as $  of c o n tro ls  p lo t te d  a g a in s t Rf 

v a lu e s .

The words upper and lower in d ic a te  from which h a l f  

o f the  ro o t t i p  the  assay  was made.
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Fiff. 24 (m ~ t )  ( c o n t .)

Oat c o le o p t i le  a ssay  o f  th e  e th e r  in s o lu b le  w ater 

so lu b le  aux in s i n  v e r t i c a l  and g e o tr o p ic a l ly  

s tim u la te d  lo n g i tu d in a l ly  s p l i t  ro o t t i p s .

Growth as ^  o f  c o n tro ls  p lo t t e d  a g a in s t  Rf 

v a lu e s •
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F ig . 25

Change in  con ten t of Wl, W2, W3 & 4 r e s u l t in g  from 

g eo tro p ic  s t im u la tio n . The auxin  con ten t i s  

expressed  as lAA e q u iv a le n ts  inyug /g  ro o t t i s s u e .

(a ) Comparison of Wl from whole and lo n g itu d 

in a l ly  s p l i t  ro o t t i p s .

(h ) Comparison o f W2 from whole and lo n g itu d 

in a l ly  s p l i t  ro o t t i p s .

(c )  Comparison o f W3 & 4 from whole and lo n g itu d 

in a l ly  s p l i t  ro o t t i p s .

The two p a r a l le l  l in e s  on e i th e r  s id e  of the  mean 

auxin  values re p re se n t the  h i p e s t  and low est 

va lues o f auxin  con ten t recorded  fo r  each stim u

l a t io n  tim e.
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o f V/I5 W2 j W3 & 4 i ïi  th e  upper h a l f  r e l a t iv e  to  th e  low er h a l f  o f 

v e r t i c a l  and g e o tro p ic a lly  s tim u la te d  ro o t t ip s  i s  shown in  (P ig .26).

G eotropic s tim u la tio n  produced a marked r i s e  i n  th e  con ten t 

o f Wl. The maximum value of approxim ately  1 .1  y u g /g lAA eq u iv a le n ts  

was produced a t  10 and 20 m inu tes. By 30 m inutes th i s  va lue  had 

d im inished 3,3  x 10 ^yog/g . and should he compared vdth th e  maximum 

value of 1 . 18yUg/g. recorded  fo r  whole ro o ts  a t  t h i s  s t im u la tio n  tim e.

I t  i s  not known w hether th e  d i f f e r e n t  tim e a t  which th e  maximum value 

was recorded  fo r  Wl in  s p l i t  ro o ts  and whole ro o ts  i s  a r e a l  d if fe re n c e . 

I t  i s  p o ss ib le  i t  i s  a d if fe re n c e  produced through comparing the  

r e s u l t s  ob ta ined  from an in s u f f i c i e n t  number of sam ples. The content 

o f Wl was more or le s s  un ifo rm ly  d is t r ib u te d  between th e  upper and 

low er ha lves o f the  ro o t t i p  except a t  10 m inutes when 1.3  % 10""^yug/g. 

was found in  th e  upper h a l f  and 1 ,0 3 yug in  the  low er. However, th ese  

va lues were ob tained  from one experim ent on ly . U n til  f u r th e r  confirm 

a tio n  o f th e se  va lues in  th e  upper and low er h a l f  can be ob tained  from 

more experim ents, no re l ia n c e  can be p laced  on t h i s  d if fe re n c e . The 

r e s u l t  o f h o r iz o n ta l s tim u la tio n  on the  p ro d u c tio n  o f W2 from th e  

upper and low er ha lv es o f ro o t t ip s  r a th e r  resem bles th e  r e s u l t  ob tained  

fo r  E3 from s p l i t  ro o ts .  S tim u la tio n  produced v i r t u a l l y  no change in  

th e  con ten t o f W2 and th e  value  ob tained  was un ifo rm ly  below th a t  from 

whole ro o t t i p s  except a t  40 m inu tes. Ho c o n s is te n t  d if fe re n c e  in  

th e  con ten t o f W2 between th e  upper and low er h a l f  o f th e  ro o t t i p  was 

observed. The t o t a l  con ten t o f W3 & 4 from s p l i t  v e r t i c a l  ro o t t ip s  

was g re a te r  than  th a t  found in  whole ro o ts .  With in c re a s in g  geo tro p ic  

s tim u la tio n  th e  value fo r  W3 & 4 from s p l i t  t ip s  remained a t  a
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F i g .  26

Change in  co n ten t o f  Wl, W2, W3 & 4 r e s u l t in g  from geo-

t r o p ic  s t im u la t io n . The aux in  co n ten t i s  exp ressed  as

lAA e q u iv a le n ts  in y u g /g . ro o t t i s s u e .

(a )  Comparison of ?fl from th e  upper h a l f  i n  r e l a t i o n  

to  Wl from the  low er h a l f  of th e  ro o t t i p .

(h ) Comparison o f W2 from th e  upper h a l f  in  r e l a t i o n  

to  W2 from the  low er h a l f  o f th e  ro o t t i p .

(c )  Ccxnparison o f W3 & 4 from th e  upper h a l f  in  r e l a t i o n  

to  W3 & 4 from th e  low er h a l f  o f the  ro o t t i p .

The two p a r a l l e l  l in e s  on e i t h e r  s id e  of th e  mean aux in  

va lu es re p re se n t  th e  h ig h e s t and low est v a lu es  of aux in  c o n te n t 

reco rded  fo r  each s t im u la tio n  tim e . Where a 0 has been p laced  

below th e  minimum value  a t  l e a s t  one of th e s e  experim ents d id  no t 

produce a s t a t i s t i c a l l y  s ig n i f ic a n t  growth re sp o n se .
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u n ifo rm ly  h ig h e r  le v e l  th an  was found i n  whole t ip s *  The r i s e  in  con

te n t  r e s u l t i n g  frcan g e o tro p ic  s t im u la tio n  observed i n  v/hole t i p s  was 

n o t reco rded  from s p l i t  t i p s .  The d i s t r ib u t io n  o f W3 & 4 betv/een th e  

u pper and low er h a l f  v a r ie d . I n  v e r t i c a l  ro o ts  i t  was more o r le s s  

e q u a lly  d i s t r ib u t e d .  S tim u la tio n  fo r  10 and 20 m inutes a p p a re n tly  

produced more i n  th e  low er h a l f  b u t s t im u la tio n  f o r  30 and 40 m inutes 

b rought th e  c o n te n t from upper and low er h a lv e s  to  n e a r ly  th e  same 

v a lu e  a g a in .

(v ) Pea ro o t  awway o f th e  w ater so lu b le  f r a c t io n

The r e s u l t  o f  th e  dj. l u t  io n  t e s t  on th e  w a te r so lu b le  f r a c t io n  

when assayed  w ith  th e  pea ro o t t e s t  i s  shown in  (P ig . 2? ) . Prom t h i s

i t  i s  seen  t h a t  Wl was a ro o t i n h ib i t o r  a t  a l l  d i lu t i o n s .  W2, a lthough

i t  a ls o  in h ib i te d  ro o t grow th, was weaker th an  VH. i n  i t s  i n h ib i t io n .

V/3 & 4 however appeared  d i f f e r e n t  from Wl and W2. They d isp lay e d  weak 

growth i n h ib i t io n  a t  t h e i r  s t ro n g e s t  c o n c e n tra tio n s . D ilu tio n  i ^  many 

c ase s  produced a sm all though no t s t a t i s t i c a l l y  s ig n i f i c a n t  growth 

prom otion . An unusual f e a tu r e  was a re g io n  o f s t a t i s t i c a l l y  s ig n i f 

i c a n t  grov/th prom otion a t  Rf O.85  -  1 .0 .  T his occu rred  a t  a zone 

in h ib i to r y  to  c o le o p t i le  grow th. I t  was a ls o  a s s o c ia te d  w ith  a reg io n  

g iv in g  a v e ry  p a le  p ink  w ith  d ia z o tis e d  p -  n i t r a n i l i n e .  T his co lo u r 

r e a c t io n  was found on b lank  chromatograms w hether th e y  had been washed 

o r  n o t . I t  i s  no t known i f  t h i s  re g io n  does c o n ta in  a genuine ro o t 

growth prom oter o r  w hether i t  was an e f f e c t  produced by th e  p aper o r 

th e  s o lv e n t.
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FiK. 2.7

H istogram  o f the  growth response  o f pea ro o t s e c tio n s  

to  d i lu t io n s  o f th e  w ater so lu b le  f r a c t io n .  The 

o r ig in a l  c o n c e n tra tio n  o f th e  e lu t io n  from each 

tw e n tie th  p a r t  o f the  chromatogram was d i lu te d  one 

i n  te n  and then  one in  a hundred . These d i lu t io n s  

have been exp ressed  as

0 = o r ig in a l  e lu t io n

-  1 = one in  te n  d i lu t io n

-  2 = one i n  a hundred d i lu t io n
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( v i ) Growth a c t i v i t y  o f th e  r e s id u a l  FaOH h y d ro lis e d  w a te r 

so lu b le  f r a c t io n  a f t e r  e x tr a c t io n  w ith  e th e r  a t  -pH 3 .0

The growth a c t i v i t y  o f t h i s  f r a c t io n  i s  shown in  (F ig ,2 8 a ) ,

The prom oter, Wl, has been rep la c e d  by an in h ib i t io n ,  A la rg e  zone 

o f h i ^  growth a c t i v i t y  p ro b ab ly  from two su b s tan ces  extends from 

Rf 0 ,15  to  0 . 50 , A nother growth a c t iv e  zone was found a t  Rf O.65  -  0 ,TS

AI though compounds r e a c t iv e  to  E h r lic h  were d e te c te d  a t  Rf D.12 -  0 .2 0 , 

0,27  -  0 .42  and 0 .56  -  0 , 70 , i t  i s  no t known w hether any o f th e  new
i

grov/th a c t i v i t y  i s  due to  th e  in d o le  compounds.

( v i i ) Growth a c t i v i t y  o f  th e  e th e r  so lu b le  a c id  f r a c t io n  

from th e  RaOH h y d ro lis e d  w a ter so lu b le  f r a c t io n

One m ajor growth prom oting zone was found from Rf 0 ,65  -  0 ,85 

( F ig .28b ) ,  This growth prom otion occurs a t  a re g io n  c o n ta in in g  bo th  

p u rp le  E h r lic h  p o s i t iv e  r e a c to r s  a t  Rf 0 ,72  -  0 ,90  and th re e  su b stan ces 

Rf 0,75  -  0 , 90 , presum ably p h en o lic  s in c e  th ey  re a c te d  to  d ia z o tis e d  

p -  n i t r a n i l i n e .  I t  has no t been e s ta b l is h e d  w hether th e  in d o l ic  

compounds o r th e  p h en o lic  compounds were re sp o n s ib le  f o r  th e  growth 

a c t i v i t y .  I t  i s  l i k e l y  t h a t  one o f th e se  two o v e rlap p in g  groups o f 

su b s tan ces  was m odifying th e  growth response  o f th e  o th e r .
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Figo 28

(a )  Oat c o le o p t i le  a ssa y  o f  th e  growth a c t i v i t y  

i n  th e  NaOH h y d ro lis e d  w a ter so lu b le  f r a c t io n .  

Growth exp ressed  as ^  o f  c o n tro ls  p lo t te d  

a g a in s t  Rf v a lu e s .

(b ) Oat f i r s t  in te rn o d e  a ssa y  o f th e  growth 

a c t i v i t y  i n  th e  e th e r  so lu b le  f r a c t io n  e x tra c te d  

from th e  RaOH h y d ro lis e d  w ater so lu b le  f r a c t io n .  

Grov/th ex p ressed  as ^  o f c o n tro ls  p lo t te d  a g a in s t  

Rf v a lu e s .
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CHAPTER V

PISCUSSIQR

The prom oter E l which was found in c o n s is te n t ly  d id  n o t 

appear to  he ta k in g  p a r t  i n  any growth changes. I n  t h i s  r e s p e c t  

E l would ap p ear to  be s im ila r  to  A P (i) , Audus and L a h ir i  (196I ) .  

Prom oter E4 could  be s im i la r  to  A P ( i i i ) ,  Audus and L a h ir i  (1961) , 

by v i r tu e  o f  a s im i la r  R f, o therw ise  th e re  i s  no o th e r  s i m i l a r i t y .  

There was no marked change in  co n ten t o f E4 and e s p e c ia l ly  no 

change was found which cou ld  be r e l a te d  to  th e  p ro d u c tio n  o f  E3. 

T his meant i t  was no t p o s s ib le  to  check th e  h y p o th es is  o f  Audus 

and L a h ir i  (196I ) t h a t  A P ( ii)  a r i s e s  by enzym atic conversion  from 

A P ( i i i ) .

The i n h ib i t o r  i n  th e  e th e r  so lu b le  a c id  f r a c t io n  a t  th e  

" in h ib i to r  p " p o s i t io n  gave a p o s i t iv e  p h en o lic  r e a c t io n .  The 

ev idence th a t  th e  " in h ib i to r  p " complex may c o n ta in  a p h e n o lic  

component has been c o n s id e re d  i n  th e  r e s u l t s .

G eo trop ic  s t im u la tio n  produces bo th  a r i s e  and f a l l  i n  

th e  co n te n t o f  E3 i n  whole ro o t t i p s .  The r i s e  occurs during  the  

f i r s t  20 m in u te s . The f a l l  i n  c o n te n t occurs between 20 and 25 

m in u te s , th e  low est va lu e  b e in g  reco rd ed  a f t e r  40 m inutes stim u

l a t i o n .  The d if fe re n c e  i n  v a lu e  f o r  E3 betw een th e  c o n tro l ro o ts  

and th e  maximum v a lu e  when ex p ressed  as lAA e q u iv a le n ts  re p re se n te d  

a 12 -fo ld  in c r e a s e .  The d if fe re n c e  between th e  maximum and 

minimum v a lu e s , i . e .  20 m inutes and 40 m in u te s , i n  lAA e q u iv a le n ts .
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re p re se n te d  a 6 0 -fo ld  drop in  c o n te n t.

These r e s u l t s  confirm  th e  ra p id  h u rs t  o f  p ro d u c tio n  o f 

A P ( ii)  produced by g e o tro p ic  s t im u la tio n  found by Audus and L a h ir i  

( 1961) . However, some d if fe re n c e s  were found between th e  two s e t s  

o f  r e s u l t s .  Audus and L a h ir i  reco rd ed  an in c re a s e  i n  c o n c e n tra tio n  

w ith  s t im u la tio n  o f  app ro x im ate ly  1000 tim es th e  c o n c e n tra tio n  found 

in  v e r t i c a l  r o o ts .  The in c re a s e  i n  co n ten t reco rd ed  i n  th e se  

experim ents was 12 tim es t h a t  found i n  u n s tim u la te d  ro o ts .  The 

second d if fe re n c e  between th e  two s e t s  o f  r e s u l t s  l i e s  i n  th e  p e rio d  

o f  s t im u la tio n  re q u ire d  to  produce th e  maximum aux in  c o n te n t. Audus 

and L a h ir i  found t h a t  4O m inutes s t im u la tio n  was re q u ire d , whereas in  

th e se  experim ents th e  maximum aux in  c o n te n t was formed a t  20 m in u tes .

A re g re s s io n  l in e  o f  c u rv a tu re  f o r  V ic ia  ro o ts  c u ts  th e  tim e a x is  a t  

36 m in u te s . T h ere fo re  i t  would.appear th a t  th e  au x in  c o n te n t and 

th e  change i n  aux in  co n ten t betw een 20 and 50 m inutes must be o f  g re a t  

im portance i n  d e te rm in in g  th e  g e o tro p ic  growth response  o f  h o r iz o n ta l ly  

s tim u la te d  r o o t s .  D uring th e  phase o f p o s i t iv e  c u rv a tu re  Audus and 

Brownbridge ( l9 5 ?a )  found th a t  th e  o v e ra l l  growth r a t e s  were co n s id e r

a b ly  reduced , a p o in t  confirm ed by B ennet-C laik  e t  a l  (1959)# To 

e x p la in  t h i s  reduced  growth r a t e  Audus and Brownbridge re q u ire d  th e  

accum ulation  o f a ro o t growth i n h ib i t o r  on th e  low er s id e  o f th e  ro o t .  

Audus and L a h ir i  su g g ested  th a t  th e  ra p id  accum ulation  o f A P ( ii)  

which reached  i t s  maximum a t  40 m inutes cou ld  be t h i s  i n h ib i t o r .

Audus and Brownbridge (1957a) in d ic a te d  th a t  th e  ro o t growth i n h ib i to r  

could  no t be lAA. In  t h e i r  experim ents w ith  e x tr a c ts  from V ic ia
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ro o ts  u sin g  a starch  column Bennet-Claik e t a l (1959) could find  

l i t t l e  or no lAA hut did fin d  another a c tiv e  growth substance running 

very c lo se  to  lAA. Audus and L ahiri (196I ) gave reasons to  in d ic a te  

th at A P (ii)  probably arose by enzymatic conversion from A P ( i i i )  which 

shows changes in v e r s e ly  corre la ted  with those o f A P ( ii) .  They 

suggested that A P (ii)  produced by a "de novo" sy n th esis  from an 

in a c t iv e  precursor. Bennet-Clark e t a l  (l9 5 9 ) could not fin d  the  

r e le a se  o f auxin found by Audus and L ah ir i. S ince they made th e ir  

e x tra ctio n s on v e r t ic a l  roo ts and roots which had been stim ulated  for  

5 hours, i t  i s  p o ss ib le  they  m issed th ese  s p e c if ic  changes which 

appear to  take p lace w ith in  one hour. Bennet-Clark e t a l  a lso  

suggest that r e le a se  o f auxin from the vacuole to  the cytoplasm was 

more l ik e ly .  The r e s u lt s  obtained from th e se  experiments could not 

d is tin g u ish  whether E3 was re lea sed  from a bound form or generated  

by a de novo sy n th esis  from an in a c t iv e  precursor. Though i t  i s  

t e n ta t iv e ly  suggested th at E3 may be foimed from an in a c tiv e  neutra l 

eth er so lu b le  precursor.

I t  i s  suggested  th a t  th e  f a l l  i n  c o n te n t o f  E3 a f t e r  20 

m inutes s t im u la tio n  could  be a t t r ib u t e d  to  one o f  th re e  c au se s . 

F i r s t l y  th e  in c re a s e  in  f r e e  aux in  co n ten t cou ld  be en zy m atica lly  

d e s tro y e d . The d e s t r u c t io n  cou ld  be brough t about by th e  fo rm atio n  

o f an a d a p tiv e  lAA l ik e  ox idase  enzyme system  Gals to n  and B ahlberg  

(1954)* The in c re a s e d  c o n c e n tra tio n  o f E3 would induce th e  form

a t io n  o f  th e  ox idase  a f t e r  a la g  p e rio d  o f  10-20 m in u tes . The 

in c re a s e  i n  r a t e  o f  d e s t ru c t io n  o f E3 over th e  r a t e  o f  fo rm ation
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would account f o r  th e  d ecrease  in  co n ten t from 20 m inutes to  40 

m in u tes . I f  E3 i s  b e in g  d e s tro y ed  by an induced  ox idase  enzyme 

system  th en  i t  i s  l i k e l y  th a t  some o th e r  aux in  and no t E3 i s  r e s 

p o n s ib le  f o r  th e  d ecrea sed  growth i n  ro o ts  fo llo w in g  g e o tro p ic  

s t im u la t io n .  The re g re s s io n  l in e  o f c u rv a tu re  f o r  V ic ia  ro o ts  

c u ts  th e  tim e a x is  a t  36 m inu tes. The d ecreased  growth r a t e  i n  

g e o tro p ic a l ly  s tim u la te d  Pisum ro o ts  reco rded  by Audus and Brown

b rid g e  (1957) re q u ire d  th e  accum ulation  o f an aux in  i n  th e  ro o t  t i p .  

I f  E3 i s  be ing  d estro y ed  between 20 and 4O m inutes s t im u la tio n  th en  

i t  i s  d i f f i c u l t  to  see  how E3 cou ld  be re g u la t in g  th e  growth o f  th e  

c e l l .  Secondly th e  excess aux in  could  be d e to x ic a te d  by be ing  

bound to  an amino a c id  o r p e p tid e ;  f o r  example th e  b in d in g  o f  lAA 

to  foim in d o ly l  a c e ty l  p e p tid e s  when excess lAA i s  fed  to  t i s s u e s .  

T h ird ly  i t  i s  suggested  th e  in c re a s e d  f r e e  au x in  co n ten t could  be 

bound to  p r o te in s ,  e s p e c ia l ly  th o se  p ro te in s  con tiguous to  th e  

cy top lasm ic  membrane and c e l l  w all#  Once bound to  th e se  p ro te in s  

th e  aux in  would be to o  f i rm ly  a tta c h e d  to  be e lu te d  o f f  e i t h e r  by 

a lc o h o l o r e th e r .  T his would e x p la in  th e  "d isap p earan ce"  o f  th i s  

au x in . Wildman and Gordon (1942) have found au x in  so s tro n g ly  

a tta c h e d  to  p ro te in s  t h a t  i t  could  no t be e lu te d  o f f  w ith  a lc o h o l 

o r  e th e r .  I t  i s  su g g ested  th a t  a ttachm en t o f  th e  auxin  to  th e  

p ro te in  would make i t  p h y s io lo g ic a l ly  a c t iv e  i n  c o n tr o l l in g  th e  

growth o f  th e  ro o t  c e l l s .  There i s  a  l i t t l e  ev idence th a t  aux in  i s  

a c t iv e  i n  th e  c e l l  when i n  a "bound" form . V lito s  and Meudt (1953) 

cou ld  on ly  f in d  lAA in  tobacco  a f t e r  a lk a l in e  h y d ro ly s is .  Bonner
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and F o s te r  (195^) have a p p lie d  k in e t i c s  to  aux in  induced  growth and 

have suggested  th a t  lAA can form growth a c t iv e  complexes and th a t  th e  

growth r a t e  (o f  c o le o p t i l e s )  was p ro p o r tio n a l to  th e  amount o f  complex 

form ed. Gordon (l9 5 4 ) however, th in k s  th a t  hound aux ins a re  p ro b ab ly  

no t p h y s io lo g ic a l ly  a c t iv e .  B en tley  (1961$ su g g e s ts  th a t  lAA i s  no t 

th e  aux in  p h y s io lo g ic a l ly  a c t iv e  in  normal grow th. She th in k s  th a t  

endogenous and exogenous lAA may no t be a c t iv e  a t  th e  c e lu la r  le v e l  

u n t i l  i t  has been tran sfo rm ed  in to  "some o th e r  a c t iv e  agen t o r  com plex."

The Choiodny-Went th e o ry  o f a l a t e r a l  r e d i s t r i b u t io n  o f 

aux in  under g r a v i ty  has been reg a rd ed  as th e  p rim ary  th e o ry  o f  geo- 

tro p ism . T his th e o ry  depended on th e re  b e in g  no in c re a s e  in  th e  

t o t a l  f r e e  aux in  c o n te n t b u t m ere ly  a d e f le c t io n  from th e  upper su rfa c e  

o f th e  r e a c t in g  organ to  th e  lo w er. However, th e  r e s u l t s  o f  Audus and 

Brownbridge (1957)? Audus and L a h ir i  (196I ) and th e  p re s e n t work in d ic 

a te  t h a t  th e  th e o ry  o f g e o tro p ic  response  based  s o le ly  on a l a t e r a l  

r e d i s t r i b u t io n  o f aux in  cannot be c o r r e c t .  The r e s u l t s  shown in  

(F ig . 1 7  ) in d ic a te  a p ro d u c tio n  o f  au x in , to  a le v e l  g r e a te r  th an  

t h a t  found in  v e r t i c a l  r o o ts ,  was formed by g e o tro p ic  s t im u la tio n .

I t  was hoped to  dem onstra te  a change in  co n ten t o f  E3 in  th e  

u pper and low er h a lv es  o f  ro o t t i p s .  I t  was presumed th a t  th e  aux in  

c o n te n t from each h a l f ,  o f  a v e r t i c a l  s p l i t  r o o t ,  when added shou ld  be 

n e a r ly  th e  same as th e  aux in  co n ten t found in  whole v e r t i c a l  r o o ts .

T his assum ption  was not found to  be c o r r e c t .  The E3 c o n te n t o f  s p l i t  

ro o ts  was found to  be app ro x im ate ly  th re e  tim es l e s s  th an  th e  co n ten t 

o f  whole u n s tim u la te d  r o o t s .  When th e  ro o ts  were s tim u la te d  th e
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—2l e v e l  o f E3 rem ained a t  a uniform  v a lu e  o f  app rox im ate ly  3 .3  z  10*~ 

yUg/g. lAA e q u iv a le n ts ,  from 10 m inutes to  40 m in u tes . Ro in c re a s e

in  c o n te n t as was found in  whole s t im u la te d  ro o t t i p s  was d e te c te d .

The le v e l  o f  E3 in  e i t h e r  h a l f  w ith  r e s p e c t  to  each o th e r  was n e a r ly  

th e  same and c e r t a in ly  no la rg e  in c re a s e  i n  th e  co n ten t o f E3 in  th e  

low er h a l f  o f th e  ro o t was observed . This r e s u l t  was unexpec ted . 

R e-exam ination  o f th e  r e s u l t s  o f L a h ir i  (1959 p p .232 and 242) seemed 

to  in d ic a te  a s im i la r  marked d ec rease  i n  th e  co n ten t o f A P ( ii)  from 

s p l i t  ro o ts  as compared to  th e  co n ten t o f A P ( ii)  from whole r o o ts .

Both s e t s  o f ro o ts  had been s tim u la te d  f o r  60 m in u tes .

I t  was though t t h a t  c u t t in g  th e  ro o t a long  th e  lo n g itu d in a l  

media p lane  was re sp o n s ib le  f o r  th e  d if fe re n c e  in  aux in  c o n te n t be

tween whole and s p l i t  r o o ts .  The whole tech n iq u e  o f s l i c i n g  ro o ts  

lo n g i tu d in a l ly  a s  compared to  c u t t in g  whole ro o ts  was c r i t i c a l l y  con

s id e re d . In  th e  s l i c i n g  tech n iq u e  a s t a in l e s s  s t e e l  b lade  was used  

to  m inim ise a c t iv a t io n  o f enzyme a c t io n  by m eta l io n s .  There were 

on ly  two d if f e r e n c e s  between whole ro o ts  and s p l i t  r o o ts .  The f i r s t  

d i f f e re n c e  la y  in  th e  tim e th e  cu t su r fa c e  was exposed to  a i r .  I n  

whole ro o ts  t h i s  was ap p ro x im ate ly  15 seconds b e fo re  th e  ro o t f ro z e .

In  s p l i t  ro o ts  two c u ts  had to  be made, th e  f i r s t  a t  r ig h t  an g les  to  

th e  lo n g itu d in a l  a x is  o f th e  ro o t and th e  second a lo n g  th e  lo n g itu d in a l  

a x is .  The tim e tak en  f o r  th e s e  two c u ts  to  be made v a r ie d  between 20 

and 30 seconds. Then th e re  was th e  tim e tak en  f o r  th e  t i s s u e  to  

f re e z e  a g a in  ap p ro x im ate ly  15 seconds. The second d if fe re n c e  la y  

i n  th e  su rfa c e  a re a  o f th e  ro o t which was cu t and exposed to  a i r .
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In  sÿ lic e d  roots t h is  i s  ob v iou sly  very much la rg e r .

In  the r e s u lt s  referen ce has been made to  the in a c t iv a t io n  

or d estru ctio n  o f auxin , e s p e c ia l ly  by an oxidase s im ila r  to  lAA ox i

dase. However, no referen ce can be found as to  the r a p id ity  o f  

auxin d estru ctio n  and e s p e c ia l ly  the d estru c tio n  which could occur 

w ith in  30-45 seconds.

C onsideration o f the problem has g iven  r is e  to  two tra in s  

o f thought. F ir s t ly  th at an in a c t iv a t io n  or d estru ctio n  o f auxin , 

probably enzym atic, was occurring. This had to  take p lace w ith in  

45 seconds before the t is s u e  fro ze . The second su ggestion  i s  the  

production o f a substance which could be extracted  and in te r fe r e  with  

the b ioassay  response. Each of th ese  two p o s s i b i l i t i e s  w i l l  be con

sid ered  more f u l ly .  The f i r s t  p o stu la te  req uires an in a c t iv a t io n  or 

d estru ctio n  o f the auxin , in  th is  case E3. The process would take 

p lace prim arily  a t the cut surface or ju s t  below and could be p h ysica l 

or enzymatic or both. Whichever i t  was i t  would stop  or occur very  

very slow ly  once the root was frozen  to  -70°C . This g iv es  a maximum 

time o f  45 seconds in  which the in a c t iv a t io n  or d estru ction  could  

occur. While i t  i s  known th a t c er ta in  enzymatic processes in  c e l l s  

can take p lace  w ell w ith in  30 seconds, i s  i t  p o ss ib le  th at v ir t u a l ly  

the to ta l  auxin content o f  stim ulated  root t ip s  could be in a c tiv a te d  

or destroyed .

The second p o stu la te  requires the form ation o f an e th er  

so lu b le  a c id . This substance could be produced enzym atically  or 

more probably by d ir e c t  chemical change a t the cut su rfa ce . The
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fo rm atio n  o f t h i s  a c id  would p ro b ab ly  in v o lv e  th e  o x id a tiv e  o r 

h y d ro ly tic  decom position  o f  a con juga te  o r complex o f which t h i s  

su b s tan ce  was p a r t .  On chrom atography o f th e  e th e r  so lu b le  a c id  

f r a c t io n  t h i s  su b s tan ce  would have an Rf s im ila r  to  o r s l i g h t l y  

g r e a te r  th an  E3. I t  i s  su g g ested  th a t  t h i s  su b s tan ce  would i n t e r 

f e r e  w ith  an !reduce  th e  f i r s t  in te rn o d e  re s p o n s e .to  E3. There i s  

ev idence o f  a su b s tan ce  from whole ro o ts  which, i t  i s  th o u g h t, may 

i n t e r f e r e  w ith  th e  b io a ssa y  response  to  E3, and t h i s  i s  p o s s ib ly  a 

p h e n o lic  compound. From th e  c o lo r im e tr ic  a n a ly s is  o f th e  w ater 

so lu b le  f r a c t io n  th e  p resence  o f  p h e n o lic  co n ju g a tes  o r  complex 

p h e n o lic  compounds i s  su sp e c te d . Many o f th e se  p h en o lic  complexes 

a re  u n s ta b le ,  Hathway (196O). I t  shou ld  be n o ted  th a t  p h e n o lic  

a c id s  in  n e u tr a l  chrom atography so lv e n ts  do no t produce compact 

sp o ts  bu t foim long  " t a i l s "  which could o v e rlap  and a f f e c t  th e  r e s 

ponse o f growth p rom o te rs. I t  i s  though t th a t  th e  low aux in  co n ten t 

from s p l i t  ro o ts  could  r e s u l t  from a com bination  o f a p a r t i a l  des

t r u c t io n  o r in a c t iv a t io n  coupled w ith  th e  p ro d u c tio n  o f an e th e r  

so lu b le  a c id  which could low er th e  b io assa y  re sp o n se .

The aux in s o f th e  w a te r so lu b le  f r a c t io n  were examined.

The h igh  growth a c t i v i t y  o f  th e  w a te r so lu b le  aux ins i s  in  agreem ent 

w ith  p rev io u s  work, B r i t to n  e t  a l  )1956), Audus and Gunning (1958), 

L a h ir i  and Audus (196O), Thurman and S t r e e t  (196O). A f ig u re  o f 

2 . 96y ig /g . ro o t t i s s u e  lAA e q u iv a le n ts  was reco rd ed  f o r  th e  t o t a l  

aux in  co n ten t o f th e  w a te r so lu b le  f r a c t io n  in  u n s tim u la te d  r o o ts .  

Audus and Gunning (1958) s t a t e  th a t  most o f th e  au x in  p o te n t ia l  i n  

ro o ts  i s  no t lAA i t s e l f  bu t a system  o f w a ter so lu b le  aux in  p re c u rso rs
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p re s e n t i n  th e  r e l a t i v e l y  h igh  c o n c e n tra tio n  o f g r e a te r  th an  1 0 ^ g  

lAA e q u iv a le n ts /  100 g . ro o t  t i s s u e .  They p o in t out t h a t  th e  a c t 

i v i t y  o f th e  w a te r so lu b le  aux ins d ec rea se s  r a p id ly  w ith  tim e .

E leven days from h a rv e s t in g  o f th e  ro o ts  to  th e  a ssa y  gave a va lue  

o f 9*7yig lAA e q u iv a le n ts ;  a f t e r  fo u r te e n  days t h i s  had dropped to  

5 .8 ^ g  e q u iv a le n ts . I t  shou ld  be p o in te d  out th a t  th e  f ig u re  o f 

2 . 96yug lAA e q u iv a le n ts  p e r  g . ro o t t i s s u e  may not be as a b su rd ly  

h igh  as f i r s t  th o u g h t. The f ig u re  o f 2.9& }ag 1ÂA e q u iv a le n ts  could  

come down to  n e a r ly  2 .0 yug lAA. e q u iv a le n ts /  g . ro o t t i s s u e  when more 

exj)erim ents were perform ed. This f ig u re  i s  on ly  te n  tim es g r e a te r  

th an  th e  v a lu e  o f Audus and Gunning and th e re  i s  a la p se  o f  no more 

than  fo u r days between h a rv e s tin g  th e  ro o ts  and b io a ssa y .

A change i n  co n ten t r e s u l t i n g  from g e o tro p ic  s t im u la tio n  

was observed  f o r  a l l  th e  prom oters o f th e  w a ter so lu b le  f r a c t io n .  

Because th e  fu n c t io n  o f th e s e  p rom oters i n  r e g u la t in g  ro o t growth 

and g e o tro p ic  resp o n se  i s  unknown, th e  im portance o f th e  change in  

c o n te n t cannot be a s se s s e d . The r e s u l t s  o f th e  s p l i t  ro o t e x p e r i

m ents were v a r ie d . I t  was hoped th a t  co n ten t o f th e  w ater so lu b le  

prom oters from s p l i t  ro o ts  would equal th e  c o n te n t from whole r o o ts .  

With W1 t h i s  was found to  happen, th e  one anomalous fe a tu re  b e in g  

th a t  th e  peak o f p ro d u c tio n  o f  W1 in  s p l i t  s t im u la te d  ro o ts  occurred  

sooner th an  in  s tim u la te d  whole r o o t s .  U n t i l  more experim ents have 

been done no s ig n if ic a n c e  can be a tta c h e d  to  th e se  d if fe re n c e s  v/hich 

could  be th e  r e s u l t  o f  sam pling  v a r ia n c e . With W2 on th e  o th e r  hand 

no ap p aren t change o f  co n ten t r e s u l t i n g  from g e o tro p ic  s t im u la tio n  

was found in  s p l i t  r o o ts .  The reaso n  fo r  t h i s  la c k  o f change i s
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no t known, except t h a t  i t  m ight have been d e s tro y ed  o r in a c t iv a te d  

by th e  lo n g itu d in a l  c u t t in g .  W3 & 4 d isp la y e d  th e  re v e rse  tre n d  

in  t h a t  th e  con ten t from s p l i t  ro o ts  was h ig h e r  than  th a t  found in  

whole r o o ts .  I t  could be th a t  th e  co n ten t i n  100 h a l f  ro o ts  was 

now le s s  th an  su p ra -o p tim a l f o r  growth and gave a h i ^ e r  response  

than  th e  whole ro o t sam ple. T his i s  not though t to  be l i k e l y  and 

may be a consequence o f a sam pling  v a r i a t io n .  Gunning (196I )  was 

a b le  to  f in d  w a ter so lu b le  p rom oters which on e lu t io n  and rechrom ato

graphy gave a h ig h e r  response  th an  o r ig in a l ly .  He was no t ab le  to  

g ive  an adequate  e x p la n a tio n  o f t h i s  phenomenon.

The r e la t io n s h ip  o f growth a c t i v i t y  i n  th e  pea ro o t  d i lu t io n  

t e s t  to  a c t i v i t y  i n  th e  c o le o p t i le  t e s t  o f th e  w a te r so lu b le  f r a c t io n  

has been made. These r e s u l t s  in d ic a te d  a  d if f e r e n c e  i n  c h a ra c te r  and 

fu n c tio n  between Wl, W2, W3 & 4;* W1 was an i n h ib i t o r ,  W2 was l e s s  o f

an i n h ib i t o r  and W3 & 4 d isp la y e d  a v e ry  sm all growth in h ib i t io n .  I t

was though t t h a t  Wl m ight have a fu n c tio n  in  r e g u la t in g  ro o t growth

s in c e  i t  appeared  to  be a s tro n g  ro o t growth i n h ib i t o r .  By i t s  fo m -

a t io n  o r d isap p ea ran ce  from th e  u pper and low er h a l f  o f  th e  ro o t t i p  

i t  could re g u la te  growth and g e o tro p ic  re sp o n se .

Ho b io assa y  experim ents were perform ed on th e  phenomenon o f  

i n t e r c o n v e r t i b i l i t y  bu t se v e ra l experim ents were made to  f in d  i n t e r 

c o n v e r t ib i l i t y  u s in g  co lo u r t e s t s .  A lthough no i n t e r c o n v e r t i b i l i t y  

was found in  n e a r ly  a l l  ex p erim en ts , i n  one, a p o s i t iv e  r e s u l t  was 

found. The re g io n  a t  Rf O.4  when e lu te d  and re - ru n  gave a p o s i t iv e  

p h en o lic  response  a t  Rf 0 .0  and O.4O.
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The i d e n t i t y  o f  th e  components o f th e  v /ater so lu b le  f r a c t io n  

was in v e s t ig a te d  u s in g  co lo u r r e a c t io n s  and f lu o r im e tr ie  a n a ly s is .

Two compounds were i d e n t i f i e d  v/ith a f a i r  degree o f c e r t a in ty  and the  

p resen ce  o f one more i s  t e n t a t i v e l y  su g g e s te d . Tryptophan was id e n t 

i f i e d  on th e  b a s is  o f i t s  r e a c t io n  to  E h r lic h , i t s  R f, and e s p e c ia l ly  

th e  c lo se  agreem ent i n  th e  f lu o r im e tr ic  a n a ly s is  between th e  presumed 

sample o f  try p to p h an  and a pure sample o f D.L. try p to p h a n . DOPA o r 

a su b stan ce  very  s im i la r  to  DOPA was i d e n t i f i e d  by i t s  r e a c t io n  to  

d ia z o tis e d  s u lp h a n il ic  a c id , i t s  Rf and a f a i r l y  c lo se  agreem ent in  

th e  f lu o r im e tr ic  a n a ly s is  between th e  presumed sample o f  DOPA and a 

pure  sample o f  DOPA. I t  i s  v e ry  t e n t a t i v e l y  suggested  th a t  

p h e n y la la n in e  m ight be p re se n t i n  th e  vra,ter so lu b le  f r a c t io n .  This 

co n c lu sio n  was come to  a f t e r  comparing th e  R f, and c o lo u r r e a c t io n s  

to  E h r lic h  and n in h y d rin  o f p -p h e r^ la lan in e  w ith  chromatograms o f 

th e  w a te r so lu b le  f r a c t io n .  Prom f lu o re sc e n c e  and co lo u r r e a c t io n s  

i t  i s  though t t h a t  -^-coum aric a c id  may be p re se n t i n  th e  e th e r  

so lu b le  a c id  f r a c t io n  fo llo w in g  a lk a l in e  h y d ro ly s is  o f  th e  w a te r 

s o lu b le  f r a c t io n .

The r e a c t io n  o f th e  w a te r S o lu b le  growth prom oters to  co lo u r 

re a g e n ts  was s tu d ie d . S u rp r is in g ly  on ly  one p o s i t iv e  p u rp le  in d o le  

r e a c t io n  was found, t h i s  was try p to p h a n . This r e s u l t  le d  to  th e  

su sp ic io n  th a t  a non in d o le  system  o f growth prom oters was p re s e n t .  

However, a f t e r  a lk a l in e  h y d ro ly s is  th e  p resen ce  o f no l e s s  than  s ix  

in d o le  p o s i t iv e  a re a s  was re v e a le d , fo u r in  th e  w ater so lu b le  f r a c t io n  

and a t  l e a s t  one each in  th e  e th e r  so lu b le  a c id  and n e u tra l  f r a c t io n s .
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Prom p re lim in a ry  experim ents on th e  h y d ro ly s is  o f try p to p h an  i t  was 

e v id e n t th e se  cou ld  not have come from try p to p h a n . This r e s u l t  

meant th a t  in d o le  complexes were p re se n t i n  th e  w a te r so lu b le  f r a c t io n  

which d id  no t g ive  a p o s i t iv e  response  to  E h r lic h . Because th ey  d id  

no t g ive  a p o s i t iv e  response  to  E h r lic h  i t  i s  l i k e l y  th ey  were not 

in d o ly la c e ty l  p e p tid e s  s in c e  th e s e  u s u a l ly  g iv e  a p u rp le  c o lo u r to  

E h r lic h . Prom th e  v a r ie ty  o f in d o le  compounds produced on hydro

l y s i s  i t  seems l i k e l y  t h a t  s e v e ra l  d i f f e r e n t  in d o le  complexes m ight 

be p re s e n t in  th e  w ater so lu b le  f r a c t io n .  I t  was reco g n ised  th a t  

some o f  th e  in d o le  compounds formed might have a r i s e n  from secondary 

breakdown d u rin g  h y d ro ly s is  o f  in d o le s  foimed i n i t i a l l y  in  th e  hydro

l y s i s .  The w a te r so lu b le  f r a c t io n  a f t e r  a lk a l in e  h y d ro ly s is  was assayed  

f o r  growth a c t i v i t y .  I t  was n o tic e d  th a t  prom oter Wl had been re p la c e d  

by an i n h ib i t o r .  There was growth a c t i v i t y  a t  some o f  th e  in d o le  a re a s  

bu t u n t i l  th e s e  su b s tan ces  have been i d e n t i f i e d  th e s e  r e s u l t s  have 

l i t t l e  s ig n i f ic a n c e .

The w idespread  occu rrence  i n  th e  w a te r so lu b le  f r a c t io n  o f 

su b s tan ces  g iv in g  p h en o lic  r e a c t io n s  was observed . I t  # ,s  though t 

from Rf d a ta  t h a t  th o se  p h en o lic  su b s tan ces  n e a r  th e  s t a r t i n g  l in e  

might be con jugated  phenols s in c e  c o n ju g a tio n  low ers th e  Rf o f 

pheno ls i n  a b u ta n o lic  s o lv e n t,  Hathway (196O). One o f  th e  p h e n o lic  

su b s tan ces  was i d e n t i f i e d  as DOPA. The co inc idence  o f p h e n o lic  a re a s  

to  re g io n s  o f  h igh  growth a c t i v i t y ,  c f .  Wl and W2, was n o tic e d .

A pparen tly  th e  w a ter so lu b le  p h e n o lic  compounds e i t h e r  do no t i n h ib i t  

growth a c t i v i t y  o r th ey  a c t iv e ly  promote o r a id  growth prom otion 

th em se lv es. The growth a c t i v i t y  o f  try p to p h an  i n  the  w ater so lu b le
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e x tr a c ts  was low, however on e i t h e r  s id e  o f th e  a re a  g iv in g  a p u rp le  

r e a c t io n  to  E h r lic h  were two a re a s  o f very  h igh  growth a c t i v i t y  and 

th e se  were a s s o c ia te d  w ith  p h en o lic  r e a c t io n s .  This provoked th e  

su s p ic io n  th a t  th e re  was an in t e r a c t io n  between try p to p h an  and a 

p h en o lic  compound r e s u l t i n g  in  h igh  a c t i v i t y  p o s s ib ly  by th e  con

v e rs io n  o f try p to p h an  to  lAA. Henderson and H itsch  (1962) have 

shown th a t  th e  growth o f f i r s t  in te m o d e  s e c tio n s  to  try p to p h a n  i s  

c o n s id e ra b ly  in c re a s e d  by th e  p resen ce  o f o rth o  d ih y d ric  pheno ls in  

s o lu t io n ,  e .g .  c a f f e ic  and ch lo ro g en ic  a c id s .  They thought th a t  

th e  d ih y d ric  phenols would doubly  augment th e  p resen ce  o f  lAA by 

enhancing  i t s  b io s y n th e s is  from try p to p h a n  and by i n h ib i t in g  i t s  

d e s t r u c t io n  by an lAA ox idase  enzyme system . Gordon and P a leg  (196I ) 

have g iven  ev idence  th a t  lAA can be formed in  p la n ts  by the  fo llo w in g  

pathw ay.

Phenols _____ ^2_________Quinones
Phenolase

Quinone + try p to p h an  -----  IPyA ----------- lAA

However Gordon and P a leg  do n o t th in k  th a t  t h i s  pathway i s  o p e ra tiv e  

i n  norm al i n t a c t  c e l l s .  They su g g est th e  pheno ls and pheno lox idases in  

i n t a c t  c e l l s  a re  v ery  p ro b ab ly  s p a t i a l l y  s e p a ra te d .

I f  i t  can be proved th a t  one o f  th e  p h en o lic  compounds 

lo c a te d  on e i t h e r  s id e  o f  th e  try p to p h an  zone i s  an o rth o  -  d ih y d r ic  

phenol th en  th e  fo llo w in g  su g g e s tio n  i s  made. The growth prom otion 

a t  th e  W2 prom oter p o s i t io n  Rf 0 .2  -  0 .3  may no t be caused by a 

genuine endogenous growth prom oter bu t may be th e  r e s u l t  o f a  f o r t -
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u i to u s  ju x ta p o s i t io n  o f try p to p h a n  and a s u i t a b le  phenol on th e  

chromatogram.

I t  i s  not known i f  th e  w a ter so lu b le  prom oters were growth 

a c t iv e  ind.ole complexes o r n o t .  There i s  ev idence bo th  f o r  and 

a g a in s t  th e  concept o f aux in  complexes be ing  growth a c t iv e .  Gordon

(1954) and Aberg ( l9 5 ? )  both  su g g est th a t  aux in  complexes a re  not 

growth a c t iv e .  A scorbigen i s  a w ater so lu b le  complex which i s  

growth in a c t iv e ,  Prochazka e t  a l  (1957)* A scorbigen w i l l  y ie ld  lAA 

on a lk a l in e  h y d ro ly s is .  Bonner and F o s te r  (1956) sug g est th a t  

growth aux in  complexes can be form ed. V lito s  and Meudt (1953) could  

on ly  f in d  lAA a f t e r  a lk a l in e  h y d ro ly s is  and i t  was though t th a t  th e  

lAA m ight be o p e ra tiv e  on ly  i n  a "bound" form . Andreae and Good

(1955) d isco v ered  th a t  lAA could  form an in d o ly l- a c e ty lp e p t id e  and 

t h i s  complex was growth a c t iv e  i n  th e  Avena c o le o p t i le  t e s t .  There 

does seem no doubt th a t  in d o le  complexes a re  p re s e n t i n  th e  w ater 

s o lu b le  f r a c t io n .  U n fo rtu n a te ly  th e  reg io n s  o f  th e  chromatogram 

from \^ ic h  th e  in d o le s  were r e le a s e d  on h y d ro ly s is  were not d e fin e d  

and r e l a te d  to  s p e c i f i c  growth a re a s .  C onsequently  no d e c is io n  

can be made w hether o r no t th e  growth prom oters o f th e  w a ter so lu b le  

f r a c t io n  a re  growth a c t iv e  in d o le  com plexes.

I t  has no t been p o s s ib le  to  confirm  t h a t  lAA i s  p re s e n t  i n  

r o o t s .  Hor was i t  p o s s ib le  to  a s c e r ta in  i f  th e  au x in , E3, p re s e n t  

i n  th e  e th e r  so lu b le  a c id  f r a c t io n  was r e le a s e d  from a bound foim o r 

produced by a de novo s y n th e s is  on g e o tro p ic  s t im u la t io n .  The 

in c re a s e d  aux in  p ro d u c tio n  i n  g e o tro p ic a l ly  s tim u la te d  ro o ts  was 

c o n fim e d . The low er co n ten t o f E3 from s p l i t  ro o ts  could  r e s u l t



150

from a combined in a c t iv a t io n  o r d e s t ru c t io n  to g e th e r  w ith  a low er 

growth response  caused by an i n t e r f e r i n g  su b s tan ce  on th e  chromato

gram. The h igh  growth a c t i v i t y  o f th e  w a ter so lu b le  f r a c t io n  was 

confirm ed. The r e l a t i o n  o f p h en o lic  su b s tan ces  to  a t  l e a s t  two 

s tro n g  growth prom oting a re a s  was n o tic e d . A number o f in d o le  

complexes u n re a c tiv e  to  E h r lic h  was observed . These in d o le  com

p lex es  w i l l  r e le a s e  E h r lic h  p o s i t iv e  in d o le s  on a lk a l in e  h y d ro ly s is .

To answer some o f the q u es tio n s  which have been r a i s e d  in  

t h i s  work th e  fo llo w in g  a sp e c ts  should  be in v e s t ig a te d .

The prom oter E3 a t  th e  lAA re g io n  shou ld  be f re e d  from th e  

im p u rity  and i d e n t i f i e d .  The reaso n s fo r  th e  low co n ten t o f  E3 

from s p l i t  ro o ts  should  be in v e s t ig a te d .  One p re lim in a ry  experim ent 

would be to  see  what e f f e c t  an e th e r  so lu b le  a c id  e x tr a c t  from s p l i t  

ro o ts  had on th e  growth resp o n se  o f  E3 from whole ro o ts  and on lAA.

Many more experim ents should  be made on th e  w ater so lu b le  

f r a c t io n  from te o t r o p ic a l ly  s t im u la te d  whole and s p l i t  r o o t s .  These 

r e s u l t s  shou ld  in d ic a te  tre n d s  in  th e  c o n te n t o f Wl, W2, W3 & 4- 

I t  m ight be p o s s ib le  to  r e l a t e  th e  p ro d u c tio n  and d isappearance  o f 

th e se  su b s tan ces  bo th  t o  th e  fo m a t io n  o f e th e r  so lu b le  aux ins and 

to  g e o tro p ic  c u rv a tu re .

Bulk e x tr a c ts  o f  the  w a te r so lu b le  e th e r  in s o lu b le  f r a c t io n  

should  be chromatogrammed. These chromatograms should  be d iv id ed  

in to  sm all a re a s  and a f t e r  e lu t io n  h y d ro lis e d  w ith  HaOH.- Those 

a re a s  from which in d o le  compounds were r e le a s e d  could  be in v e s t ig a te d  

more c a r e f u l ly .  The in d o le s  should  be i d e n t i f i e d  and from t h i s  some
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i n d ic a t io n  o f th e  o r ig in a l  complex could  he g a in ed .

The p h e n o lic  complexes should  he se p a ra te d  from th e  

in d o l ic  ones. I d e n t i f i c a t i o n  o f  th e  complexes should  he under

ta k e n . The e f f e c t  o f th e  p h en o lic  complexes on growth should  

be n o ted . The p o s s i b i l i t y  o f s u b s t i tu te d  oimaug^-c a c id  complexes 

o c c u rrin g  i n  th e  w a te r so lu b le  f r a c t io n  should  not be overlooked .

An a c c u ra te  a n a ly s is  o f the  change i n  try p to p h an  co n ten t 

d u rin g  g e o tro p ic  s t im u la tio n  should  be made. This could  be done 

most e a s i l y  on th e  Aminco Bowman p h o to f lu o r im e te r .
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SUIMARY

An in v e s t ig a t io n  was made on th e  e f f e c t  o f g e o tro p ic  stim u

l a t i o n  on th e  aux in  co n te n t o f V ic ia  faha  ro o t t i p s .  The 

d i s t r ib u t io n  o f  aux in  between th e  upper and low er h a lv es  o f 

ro o t t i p s  was s tu d ie d  to  check th e  a p p l i c a b i l i t y  o f th e  

Cholodny-Went th eo ry  to  th e  g e o tro p ic  response  o f r o o ts .

M o d if ica tio n s  were made to  th e  chrom atography ap p ara tu s  and 

ro o t s t im u la tio n  a p p a ra tu s . Two new ro o t c u t t e r s ,  one f o r  

whole ro o ts  and one f o r  s p l i t t i n g  ro o ts  lo n g i tu d in a l ly  were 

designed  and made.

More ra p id  f r e e z in g  o f th e  ro o t t i p s  o f V ic ia  fab a  was 

brought about by u s in g  a s o l id  CO  ̂ -  a lc o h o l f r e e z in g  b a th  

in s te a d  o f  i c e  w a te r . F reeze  d ry in g  o f t i s s u e s  was i n t r o 

duced.

lAA m arker chromatograms were run  i n  th e  same tank  w ith  

chromatograms o f  e x t r a c t s .  The p o s s i b i l i t y  o f th e  H itsch  

" t r a n s f e r "  a r t e f a c t  o c c u rr in g  was in v e s t ig a te d .  T ra n s fe r  

o f lAA from th e  m arker to  a d ja c e n t chromatograms was no t 

observed .

I n h ib i to r s  were found in  th e  i n d u s t r i a l  m eth y la ted  s p i r i t s  

used  as e x t r a c ta n t .  A change was made to  m ethanol in  

which few er in h ib i to r s  were found. Growth in h ib i to r s  were 

d e te c te d  i n  th e  chrom atography p a p e r. These cou ld  be r e 

moved by w ashing th e  p ap er w ith  iso b u ta n o l , m ethano l,
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SUMMARY continued

w ater f o r  tv/o days. An i n h ib i t o r  was a ls o  found i n  th e  

chrom atography roan  a i r .  The chrom atography was su b seq u en tly  

done e lsew h ere .

6_ Tryptophan was su b je c te d  to  th e  a lk a l in e  h y d ro ly s is  methods

used  in  th e  h y d ro ly s is  o f e x t r a c t s .  Ho e th e r  so lu b le  E h r lic h  

p o s i t iv e  a c id s  were d e te c te d  n o r were any o th e r  E h r lic h  p o s i

t iv e  zones found i n  th e  w a te r so lu b le  f r a c t io n  except f o r  

try p to p h an  i t s e l f ,

2  Pour e th e r  so lu b le  a c id  prom oters and one in h ib i t o r  v/ere found

in  m ethano lic  e x tr a c ts  o f ro o t t i p s .  Prom oters E l , 0 .0  -  0 .25  

(A P(i) ? E2, 0 .35  -  0 .5 5 ; E3, 0 .55  -  0 .75  (lAA)? and

E4, 0 .85  -  1 .0 0  (A P ( ii i )  ? 0.75  -  0 .85  ( I n h ib i to r  P ) .

The e th e r  s o lu b le  f r a c t io n  gave no c o lo u r r e a c t io n s  except 

f o r  2 p h en o lic  r e a c t io n s  a t  R f 0 .30  -  0 .45  and 0 .7  -  0 .80  

(p robab ly  i n h ib i t o r  p )

2  Pour w a te r so lu b le  e th e r  in s o lu b le  prom oters and one i n h ib i t o r

were found in  m ethano lic  e x tr a c ts  o f  ro o t  t i p s .  The R f  o f

th e  prom oters were Wl, 0 .0  -  0 .1 5 ; W2, 0 .2  -  0 .3 ;

W3, 0 .40  -  0 .5 5 ; W4, 0 .60  -  80. I n h i b i t o r ,  Rf 0 .8  -  1 .0

10 Colour t e s t s  on th e  w ater so lu b le  f r a c t io n  gave a v a r ie ty  o f  

r e s u l t s .  Only one p u rp le  E h r lic h  p o s i t iv e  zone was found 

and t h i s  due to  try p to p h a n . An abundance o f p h en o lic  

r e a c t io n s  a t  reg io n s  o f h igh  growth a c t i v i t y
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SUIMARY continued

11 A lk a lin e  h y d ro ly s is  re le a s e d  6 in d o le  p o s i t iv e  r e a c to r s .

Pour i n  th e  w a te r so lu b le  f r a c t io n  and one each in  th e  e th e r  

so lu b le  a c id  and n e u tr a l  f r a c t io n s .  These could  no t have 

come from try p to p h a n .

12 The growth a c t i v i t y  o f  th e  e th e r  so lu b le  a c id  aux ins i n  ro o t 

t i p s  was s tu d ie d  u s in g  th e  oa t f i r s t  in te m o d e  a ssa y .

13 G eotropic  s t im u la tio n  produces an in c re a s e d  aux in  p ro d u c tio n  

i n  th e  e th e r  so lu b le  q c id  f r a c t io n  o f  E3 (The lAA re g io n )

14 T his in c re a s e d  aux in  c o n te n t ’was no t found i n  s p l i t  ro o t  t i p s .  

The a p p aren t d ecrease  i n  aux in  c o n te n t was though t to  be 

b rought about by s p l i t t i n g  th e  r o o ts .  The f a c to r  re s p o n s ib le  

f o r  th e  ap p aren t d ecrea se  was no t known.

15 G eotropic s t im u la t io n  produced a change in  th e  co n ten t o f a l l  

th e  w ater so lu b le  a u x in s . The aux in  c o n te n t o f  lo n g i tu d in a l ly  

s p l i t  ro o t t i p s  a ls o  showed changes but th e se  d id  no t confom  

to  th e  p a t t e r n  o f th e  aux in  change i n  whole r o o ts .



155

BIBLIOGRAPHY

ABERG, B. (1957) âu x in  r e l a t io n s  o f r o o ts .  A nn.R ev.P lant P h y s io l.
8 , 153- 180.

AHDREAE, W.A. and GOOD, H.E. (1955) The fo m a t io n  o f in d o ly la c e ty l -
a s p a r t i c  a c id  i n  pea s e e d lin g s . P la n t P h y s io l. 30, 380-382

AUDUS, L .J .  (1959) P la n t Growth S u b stan ces . 2nd Ed. Leonard H i l l  L td .,  
London, H .W .l.

AUIUS, L .J .  and BROWHBRIDGE, M.E. (1957a) S tu d ie s  in  th e  geotropism  
o f r o o ts .  I .  G row th-ra te  d i s t r ib u t io n  d u rin g  response  
and th e  e f f e c t s  o f a p p lie d  a u x in s . J .E x p .B o t. 8 , 105-125*

AUDUS, L .J .  and DAS, H. (1955) I n te r a c t io n  o f  aux in s and a n t i  aux ins
in  th e  s t im u la tio n  o f ro o t grow th. J .E x p .B o t. 6, 328-347*

AUDUS, L .J .  and GARRARD, A. ( l9 5 3 ) S tu d ie s  on th e  growth and r e s p i r 
a t io n  o f ro o ts  I .  The e f f e c t s  o f s tim u la to ry  and in h ib 
i t o r y  c o n c e n tra tio n s  o f In d o le -3 - a c e t ic  a c id  on ro o t 
s e c t io n s  o f Pisum sa tiv u m . J .E x p .B o t. 4) 330-348*

AUDUS, L .J .  and GQHHIITG, B .E .S . (1958) Growth su b s tan ces  i n  the. ro o t 
o f  Pisum sa tiv u m . P h y s io l .P la n t .  11; 685-697*

AUDUS, L .J .  and LAHIRI, A.H. (196I ) S tu d ie s  on th e  Geotropism o f
r o o ts .  I I I .  E f fe c ts  o f g e o tro p ic  s t im u la tio n  on growth 
su b stan ce  c o n c e n tra tio n s  i n  V ic ia  fab a  ro o t t i p s .
E xp.B ot. 12; 75-84

AUDUS, L .J .  and SHIPTOH, M.E. (1952) 2 ,4 - d ic h io ra n is o le -a u x ln
in te r a c t io n s  i n  ro o t grov/th. P h y s io l. P la n t .  5j 430-455*

AUDUS, L .J .  and THRESH, R. (1956) -  see  end o f b ib lio g ra p h y .
AVERY, f r .  G .S ., BERGER, J . ,a n d  SHALUCA, B. (l94%) The t o t a l

e x t r a c t io n  o f f r e e  aux in  and au x in  p re c u rso r  from p la n t  
t i s s u e s .  A m er.J.B ot. 28, 596-607*

BARTON, G.M., EVANS, R .S . and GARDIŒR, J .A .E . (1952) N a tu re , L end .,
170 , 249 i n  I ,  Smith (E d .) . Chrom atographic and 
e le c tro p h o R e tic  te c h n iq u e s . Heineman M edical Books L td .
i 960 .

BATE-ST.IITH, E.G. (1962) The p h en o lic  c o n s t i tu e n ts  o f p la n ts  and
t h e i r  taxonom ic s ig n i f ic a n c e .  J .L in n .S e c . (B o t .) , 585 95-173



156

EEÎINET-CLARK, T.A. and KEFFORD, H.P. (1953) Chromatography o f  th e
growth su b s tan ces  i n  p la n t  e x t r a c t s .  N ature (L ond .) I 7I ,
645- 647.

ESHHET-CLARK, T .A ., TAIŒAH, M.S. and KEFFORD, H.P. (1952) E s tim a tio n  
o f  p la n t  growth su b s ta n c es  by p a r t i t i o n  chrom atography.
N ature (L ond.) 169, 452-455*

BEMÎET-CLARK, T.A. and WHEELER, A.W. (1959) The m etabolism  of
3 - in d o ly la c e t ic  a c id  i n  p la n t  t i s s u e s .  J .E x p .B o t. 10,
468- 479 .

BENNET-CLARK, T .A ., YCUNIS, A .F. and ESNAULT, R. (1959) G eotropic 
b eh av io u r o f r o o ts .  J .E x p .B o t. 10, 69- 8 6 ,

BEIITLEY, J  .A. (1958) Tlie n a tu r a l ly  o c c u rrin g  aux ins and in h ib i t o r s .
A n n .R e v .P Ia n t.P h y sio l. 9? 47-80.

EEÎ'ITLRY, J .A . (l96la) Some in v e s t ig a t io n s  on in te r c o n v e r t ib le
n a tu r a l ly  o c c u rr in g  a u x in s , 25-42. I n ,  P la n t Growth 
R e g u la tio n . F ou rth  I n te r n a t io n a l  Conference on P la n t 
Growth R e g u la tio n . The Iowa S ta te  U n iv e rs ity  P re ss  U .S.A .

BENTLEY, J .A . (1961^ The s t a t e s  o f aux in  i n  th e  p la n t .  E ncyclopaedia
o f P la n t P hysio logy ; XEV. Growth and Growth su b s ta n c e s ,
6O9- 619 .W. Rhuland, (E d .) S p rin g e r-V erlag .

BENTLEY, J .A . ,  HOUSLEY, S . and BRITTON, G. (1956) see  end o f b ib lio g ra p h y . 
BONNER, J .  and FOSTER, R .J . (1956)' The k in e t i c s  o f aux in  induced

grow th. The ch em istry  and mode o f a c t io n  o f  p la n t  growth 
su b s ta n c e s . 295-309# Symp, Wye C o llege , Wain, R.L, and 
V^ightman, F. (E d .) .

BONNER, J .  and THIlilANN, K.V. S tu d ie s  on th e  growth hormone o f p la n ts  
V II. The f a t e  o f growth su b stan ce  in  th e  p la n t  and the 
n a tu re  o f th e  growth p ro c e ss . J .G e n .P h y s io l. I 8 , 649- 658 .

BOYSEN JENSEN, P. ( 1944b) Die Bedeutung des W uchsstoffes fu r -d a s
Wuchstum und d ie  g e o tro p isc h e  Krummung d e r W urzeln von 
V ic ia  f a b a . P la n ta  20, 688- 698 . R ef. from Went, F.W. 
and Thimann, K.V. (1937) Phytohorm ones. M acm illan, New York.

BRAIN, E.D. (1942) S tu d ie s  on th e  e f f e c t s  o f  p ro longed r o ta t io n  o f 
p la n ts  on a h o r iz o n ta l  k l i n o s t a t .  I I I .  P h y s io lo g ic a l 
r e a c t io n s  i n  th e  hypoco ty l o f Lupi^us a lb u s . New P h y to l.
41 , 81- 90 .

BRAY, H .G ., THORPE, W.V. and WHITE, K. (1950) The f a te  o f c e r ta in  
o rgan ic  a c id s  and amides i n  th e  r a b b i t .  10, The a p p lic 
a t io n  o f p aper chrom atography to  m e tab o lic  s tu d ie s  o f 
hydroxybenzoic a c id s  and am ides. Biochem. J ,  46 , 271#



157

BRITTON, G., HOUSLEY, S . and BEÎTTLEY, J .A . (1956) S tu d ies  i n  p la n t
grov/th hoim ones. V. Chromatography o f hormones i n  ex c ised  
and i n t a c t  ro o ts  o f tom ato s e e d l in g s .  J .E x p .B o t. 7> 239-251-

BURNING, E. (1928) Zur P h y s io lo g ie  des V/achstums und de r Reizhewegangen 
d e r W urzeln. P la n ta .  5, 635-659* H ef. fro n  Went, F.W. and 
Thimann, K.W. (1937) Phytohorm ones. M acm illan, New York.

CHING, T.M. and FANG, S.C . (1958) The r e d i s t r i b u t io n  of r a d io a c t iv i t y  
i n  g e o tro p ic a l ly  s tim u la te d  p la n ts  p r e t r e a te d  w ith  ra d io 
a c t iv e  in d o ly la c e t ic  a c id .  P h y s io l. P la n t<, 11, 722-727*

CHOLODNY, N. (1924) Uber d ie  hormonale Wirhung d e r  O rgansp itze  b e i
d e r g eo tro p isc h en  Krummung. B er. d . b o t .  Ges. 42, 356-362. 
R ef. from Went, F.W. and Thimann, K.V, ( l9 3 7 ) Phytohoim ones. 
M acm illan, New York.

CHOLODNT, N. (1926) B e it rage  zu r A nalj^e  d e r  g eo tro p isch en  R eac tio n .
Ja h rb , w iss . Bot. 65 , 447-459* R ef. from Went, F.W. and 
Thimann, K.V. ( l9 3 7 ) Phirtohoim ones. M acm illan, New York,

CHOLODNY, N. (1927 ) Wuchshormone und Tropisraen b e i den P fla n ze n .
B io l. Z e n tr a lb l .  47, 6O4- 626. R ef. from Went, F.W. and
Thimann, K.V. ( l9 3 7 ) Phytohoim ones. M acm illan, New York.

CLARK, W.M. (1928) The d e te rm in a tio n  o f hydrogen io n s .  192-220.
The W illiam s and W ilk ins Company, B a ltim ore .

COOKE, A.R. (1954) Changes i n  f r e e  aux in  c o n te n t d u rin g  th e  photo
in d u c tio n  o f s h o r t  day p la n t s .  P la n t P h y s io l. 29? 44G-444*

DARWIN, C, (1880) The power o f movement i n  p la n t s .  John M urray, London.

DOLK, H.E, (1936) G eotropie en G ro e is to f , D is s e r ta t io n ,  U tre c h t (1930)
E n g lish  t r a n s la t i o n  by F. Dolk-Hoek and K.V. Thimann, 
R ec .T rav .B o t.N e e rl. 33? 5G9* R ef. from G il le s p ie ,  B. and 
Thimann, K.V. (196I ) .  E x p e r ie n tia  17? 126.

GALSTON, A.W. and DAHLBERG, L.Y. (1954) The a d a p tiv e  fo m a t io n  and 
p h y s io lo g ic a l  s ig n if ic a n c e  o f in d o le  a c e t i c  a c id  o x id ase . 
A m er.J .B o t. 4I ,  373-380.

GELLESPIE, B. and THIMANN, K.V. IJ1961) The l a t e r a l  t r a n s p o r t  o f
in d o le a c e t ic  a c i d - C ^ 4  in  g eo trop ism . E x p e r ie n tia . I 7 ? 126.

GOOD, N .S ., ANDREAE, W.A. and van YSSELSTEIN, M.W.H. (1956) S tu d ie s
on 3 - in d o le a c e t ic  a c id  m etabolism . I I  Some p ro d u c ts  o f  th e  
m etabolism  o f  exogenous in d o le a c e t ic  a c id  i n  p la n t  t i s s u e s .  
P la n t  P h y s io l. 31? 231-235*



158

GORDON, SoA. (1954) O ccurrence, fo rm atio n  and in a c t iv a t io n  o f a u x in s . 
A n n .R ev .P I.P h y sio l. 5, 341-378.

GORDON, S.A. (1961) The b io g e n e s is  o f au x in . E ncyclopaedia o f  P la n t 
P hysio logy , 14? Growth and Growth su b s ta n c e s , 620-646 .
W. Rhuland (E d .) . S p rin g e r-V erlag ,

GORDON, S.A. (1962) P e rso n a l communication to  P ro fe s so r  Audus.

GORDON, S.A . and PALEG, L.G. (1961 ) Eoim ation o f aux in  from try p to p h an  
th rough  th e  a c t io n  o f  p o ly p h en o ls . P la n t P h y s io l. 36, 838

GUNNING, B .E .S . (196I )  Auxin a c t i v i t y  in  e th e r  in s o lu b le  f r a c t io n s  o f 
e x t r a c ts  o f rh u b arb  p e t io l e s .  N atu re , 192, 48O3 , 661-662.

GUSTAFSON, F.G. (1941) The e x tr a c t io n  o f  growth hormones from p la n ts .  
A m er.J.B ot. 28, 947^951*

HANCOCK, C .R ., BARLOW, H.W.B. and LACEY, H .J . (196I )  The beh av io u r o f 
p h lo r id z in  i n  th e  c o le o p t i le  s t r a i ^ t  grovrbh t e s t .
J .  Exp. Bot. 12, 401- 408 .

HARRIS, G. and MacWILLIAM, I .C .  (1954) Chem. and In d . 249* In ;
I .  Smith (E d .) . I 96O. Chrom atographic T echniques, I .
London. Heinemann M edical Books L td .

HATHWAY, D.E. (196O) P la n t Phenols and Tannins p p .308-354* In ;
I .  Smith (E d .) . (196O). Chrom atographic T echniques,
I .  London. HeinemannvMedical Books L td .

HAWKER, L .E . (l9 3 2 ) E xperim ents on th e  p e rc e p tio n  o f g ra v i ty  by r o o ts .  
New P h y to l]  31, 321-328.

HENDERSON, J.M .H. and NETSCH, J .P .  (1962 ) E f fe c t  o f  c e r ta in  p h en o lic  
a c id s  on th e  e lo n g a tio n  o f Avena f i r s t  in te rn o d e s  in  th e  
p resence  o f aux ins and try p to p h a n . N ature 195, 4843, 780-782,

HOUSLEY, S. and BENTLEY, J .A . (1956) S tu d ie s  in  p la n t  growth hormones.
IV . Chromatography o f  hormone and hormone p re c u rso rs  in  
cabbage. J .E x p .B o t. 7 , 219-238.

HOUSLEY, S. and TAYLOR, W.C. (1958) S tu d ie s  on p la n t growth hormones.
VI. The n a tu re  o f i n h ib i t o r  in  p o ta to . J .E x p .B o t. 9
458- 471 .

HUluPHRIES, E.C. (1958) E f fe c t  o f removal o f a p a r t  o f  th e  ro o t system
on th e  subsequent growth o f  th e  ro o t and sh o o t. A nn.B ot.N .S .
22, 251- 257*



159

JEPSOI'T, J ,B . ( i 960 ) In d o le s  and r e la te d  E h r lic h  R e ac to rs : 183-211.
In  I ,  Smith (E d .) .  Chrom atographic and E le c tro p h o re t ic  
T echn iques. Heinemann M edical Books L td . I 96O.

JEPSON, J .B . and SMITH, I .  (l9 5 3 ) 21?. I n  I .  Smith (E d .) . Chromato
g rap h ic  and e le c t ro p h o re t ic  te c h n iq u e s . Heinemann 
M edical Books L td . I 96O.

JEP80N, J .B . and STEVENS, BoJ. (1953) 196. In  I .  Smith (E d .)
C hronatographic  and e le c t ro p h o re t ic  te c h n iq u e s .
Heinemann M edical Books L td . I 96O.

JERCHEL, D. and MULLER, R, (1951) P a p ie r  chrom âtographie  d e r
3 in d o ly le s s ig s a u r e .  N a tu rw iss. 38 , 56I .  R ef. from 
B en tley , J .A . E x tra c t io n  and p u r i f i c a t i o n  o f au x in s . 
E ncyclopaed ia  o f P la n t P hysio logy . I 4 , Growth and 
Growth S ubstances, 501-512. W. Rhuland, (E d .) . 
S p rin g e r-V erlag .

KEEELE, P . ,  NELSON, M.G. and SNOW, R. (l9 3 1 a) The in te g r a t io n  o f 
p la n t  b eh av io u r. IV . Geotropism  and Growth su b s ta n c e . 
Proc.R oy.Sec.y^ 108, 537-545*

KEPPORD, N .P. (19553-) The growth su b s tan ces  se p a ra te d  from p la n t  
exrkracts by chrom atography. I .J .E x p .B o t .  6, 245-255*

KEPPORD, N.P. (1955I)) The growth su b s tan ces  s e p a ra te d  from p la n t  
e x t r a c t s .  I I .  The c o le o p t i le  and ro o t e lo n g a tio n  
p r o p e r t ie s  o f  th e  growth su b s tan ces  i n  p la n t  e x t r a c t s .  
J .E x p .B o t. 6, 245- 255*

KÔGL, P . ,  HAAŒN SMIT, A .J . and ERKLEBBN, H. (l9 3 4 a) Uber den
E in f lu s s  d e r  Auxine a u f  das Wurzelwachstum und u b e r d ie  
chemische N atur des Auxins d e r  Gr ask  o le  op t i l  en . X II.
M itte ilu n g .Z .p h y sio l.C h em . 238, 104-112. R ef. from 
Went, P.W. and Thimann, K.V. ( l9 3 7 ) Phytohorm ones. 
M acm illan, New York.

KOVES, E. (1957) P a p e r-chrom âtograph ische  Undersuchungen d e r
a th e r - lo s lo c h e n  keim ungs-und wachsturnshemmenden S to f fe  d e r  
H a fe rsp e lz e . Acta b io l .s z e g e d . 3 , 179-187* Ref. from 
Hemberg, T. Biogenous in h i-y i to rs . E ncyclopaedia  o f 
P la n t Physio]_ogyo XIV, Growth and Growth S ubstances . 
1162- 1184 . W. Rliuland, (E d .) .  S p rin g e r-V erlag .

LAHIRI, A. (1959) S tu d ie s  in  th e  hormone r e l a t io n s  o f  ro o t grow th. 
Ph.B . T h es is , U n iv e rs i ty  o f London.

LAHIRI, A. and AUDUS, L .J .  (196O) Grovrbh su b s ta n c es  i n  th e  ro o ts  o f 
V ic ia  fa b a . J .E x p .B o t. 11, 341-350



160

LARSEN, P . (1956) G eo trop ic  resp o n ses in  r o o ts .  Some th e o r e t i c a l  
and te c h n ic a l  prob lem s. The chem istry  and mode o f 
a c t io n  o f  p la n t  growth su b s ta n c e s . 76-90. P roc . Wye 
C ollege Symp. Wain, R.L. and Wightman, P. (E d .) .

LARSEN, P . (1961) B io lo g ic a l d e te rm in a tio n  o f  n a tu ra l  a u x in s .
E ncyclopaed ia  o f  P la n t P hysio logy , I 4 , Growth and Growth 
S u b stan ces . 521-582. W. Rhuland, (E d .) . S p rin g e r-  
V erlag .

LEXANDER, K. (1953) Grovrbh r e g u la t in g  su b s tan ces  i n  ro o ts  o f  Wheat. 
P h y s io l .P Ia n t .  (C ph .) 6, 4O6- 4I I .

LIBBERT, E. ( l9 5 7 a) Die r e g u la t io n  des Wurzelwachsturns durch
sy n th e tis c h e  und endogene I n h ib i to r e n .  P la n t .  (B e r l . )  50 , 
25- 40 . R ef. from L arsen , P. B io lo g ic a l d e te rm in a tio n  o f  
n a tu r a l  a u x in s . E ncyclopaed ia  o f P la n t P hysio logy , 14, 
Growth and Growth S u b stan ces . 521-582. W. Rhuland, (E d .) . 
S p rin g e r-V e rla g .

UNE, G.K.K., EGGERS, V. and MOULTON, J .E .  (194I )  The u se  o f f ro ze n  
vacuum d r ie d  m a te r ia l  i n  aux in  and o th e r  chem ical a ssay s  
o f  p la n t  o rg an s . I t s  e x tr a c t io n  w ith  dry  e th e r .  B ot.
Gaz. 102, 590-601.

LINSER, H. and MASCHEK, P. P la n ta .  4I ,  567-588. R ef. from Aberg, B.
Auxin r e l a t i o n s  o f  r o o t s .  A nn.R ev.P lant P h y s io l. 8 , 153-180.

MOEWUS, P . B io l.Z e n t. 68, I I 8- I 4O. R ef. from T o rrey , J .G . (1956)
P hysio logy  o f  ro o t e lo n g a tio n . A nn.R ev.P lant P h y s io l. 7 ,
237- 266 .

MOEWUS, P . ,  MOEWUS, L. and SKWARRA, H. (1952). P la n ta ,  4 0 , 254-264.
R ef. from Aberg, B. Auxin r e l a t io n s  o f  r o o ts .  Ann.Rev.
P la n t P h y s io l. 8 , 153-180.

NIELSEN, N. (1930b ) U ntersuchungen u b e r e inen  neuen Wachstum-
re g u lie re n d e n  S t o f f , R h izop in . Ja h rb .W iss .B o t. 73, 125-191* 
R ef. from Went, P.W. and Thimann, K.V. ( l9 3 7 ) Phytohorm ones. 
M acm illan, New York.

NITSCH, J .P .  (1956) Methods f o r  th e  in v e s t ig a t io n  o f  n a tu r a l  aux ins 
and growth i n h ib i t o r s .  The Chem istry and mode o f  a c t io n  
o f  p la n t  growth su b s ta n c e s . 1 -31 . P roc . Wye C ollege Symp. 
Wain, R.L. and Wightman, P. (E d s .) .

NITSCH, J .P .  and NITSCH, C. (1956) S tu d ie s  on th e  growth o f c o le o p t i le  
and f i r s t  in te m o d e  s e c t io n s .  A new s e n s i t iv e  s t r a ig h t  
growth t e s t  f o r  a u x in s . P la n t P h y s io l.  31, 94-111•

NITSCH, J .P .  and NITSCH, C. (196O) An a r t i f a c t  i n  chrom atography o f 
in d o l ic  a u x in s . P la n t  P h y s io l. 35, 450-454.



161

PILET, P .E . (1951) M em .Soc.vaudoise s c i . n a t .  10, 137-244* R ef. from 
Aberg. B. Auxin r e l a t io n s  o f  r o o t s .  Ann.Rev. P la n t 
P h y s io l. 8 , 153-180.

PILET, P .E . (1952) B u ll.sec .v au d O ise  s c i . n a t .  65 , 197-211. R ef. from 
Aberg, B. Auxin r e l a t io n s  o f r o o ts .  A nn.R ev.P lant 
P h y s io l. 8 , 153- 180 .

PROCHAZKA, Z ., SANDA, V. and SORM, F. (1957) C o lle c tio n  Czech.Chem.
Communs. 22, 654. R ef. from F aw cett, C.H. In d o le  a u x in s . 
A nn.R ev .PI.P hys. 12, I 96I .

RAADTS, E. and SORING, H. (1957) Chromâtograph ische U ntersuchungen 
u b e r  d ie  W uchstoffe d e r H a fe rk o le o p ti le . P la n ta  (B e r l . )
49, 47-60 . R ef. from B en tley , J .A . The s t a t e s  o f aux in  
i n  th e  p la n t .  E ncyclopaedia  o f P la n t P hysio logy , XIV,
Growth and Growth S u b stan ces , 609-619* W. Rhuland (E d .) .  
S p rin g e r-V erlag .

RUFELT, H. (1957) The course  o f th e  g e o tro p ic  r e a c t io n  o f  wheat 
r o o t s .  P h y s io l .P la n t .  10, 231-247*

SCHMITZ, H. (1933) Uber W uchsstoff und Geotropismus b e i G rasern .
P la n ta  19, 614-635* R ef. from Went, F.W. and Thimann,K.V. 
(1937) Phytohorm ones. M acm illan, New Yoik.

SMITH, I .  (1953) N a tu re , 43 , 171* R ef. from . Amino a c id s ,  amines
and r e l a te d  compounds, I .  S r i th ,  82-142. I n ,  I .  Sm ith (E d .) 
Chrom atographic T echniques, I .  London, Heinemann M edical 
Books L td . i 960 .

STOWE, B.B. and THIMANN, K.V. (1953) In d o lep y ru v ic  a c id  i n  m aize. 
N atu re , 172, 764*

SWANSON, C.P. (1946) A sim ple  b io a ssa y  method f o r  th e  d e te rm in a tio n  
o f low c o n c e n tra tio n s  o f  2 ,4 -d ich io ro p h en o x y ace tic  a c id  
i n  aqueous s o lu t io n s .  Bot.G az. IO7 , 507-509*

TANG, Y.W. and BONNER, J .  (1948) The enzymic in a c t iv a t io n  o f
in d o le a c e t ic  a c id .  I .  The physio logy  o f th e  enzyme. 
A m er.J .B o t. 35, 570-578.

THIMANN, K.V. (1935&) On th e  p la n t  grow th hormone produced by
Rhizopus s u in u s . J.B iol#Chem . 109, 279-291* R ef. from 
Went, F.W. and Thimann, K.V. Phytohorm ones. M acm illan,
New York.

THIMANN, K.V. and SKOOG, F . (1940) The e x t r a c t io n  o f  aux in  from 
p la n t  t i s s u e s .  I .  A m er.J.B ot. 27, 951-960.



162

THIMAM, K .V ., SKOOG, F. and BIER, A.C. (1942) The e x t r a c t io n  o f 
aux in  from p la n t  t i s s u e ,  I I  Amer. J .  B ot. 29, 596-606.

THURMAN, D.A. and STREET, H.E. (196O) The au x in  a c t i v i t y  e x tr a c ta h le  
from ex c ised  tom ato ro o ts  hy co ld  80^ m ethanol. J .E x p .B o t.
11 , 188- 197 .

TORREY, J .G . (1959 ) A chem ical i n h ib i t o r  o f aux in  induced  l a t e r a l  
ro o t  i n i t i a t i o n  in  ro o ts  o f  Pisum. P h y s io l .P la n t .  12,
873- 887 .

Van OVERBEEK, J .  (1938) Auxin p ro d u c tio n  i n  s e e d lin g s  o f dw arf m aize . 
P la n t  P h y s io l.  13, 587-598.

Van OVERBEEK, J . ,  OLIÙ0 , D. and de VASQUEZ, E.M.S. (1945) Rapid
e x tr a c t io n  method f o r  f r e e  aux in  and i t s  ^ p l i c a t i o n  in  
g e o tro p ic  r e a c t io n s  o f  bean and su g a r cane. B o t.G az .106,
440- 451 .

Van OVERBEEK, K ., de VASQUEX, E.M .S. and GORDON, 8.A . (l9 4 7 ) F ree  
and bound aux in  i n  th e  v e g e ta t iv e  p in eap p le  p la n t .  
A m er.J .B o t. 34, 266.

VARGA, M.B. (1957b) E xam ination o f  growth in h ib i t in g  su b s tan ces
se p a ra te d  by p ap er chrom atography i n  f le s h y  f r u i t s . I I  
I d e n t i f i c a t i o n  o f th e  su b s ta n c es  o f  growth in h ib i to r y  
zones on th e  chrom atogram s. A cta B io l.s z e g e d . 3 , 213- 
223. R ef.from  Hemberg, T. Biogenous I n h ib i to r s .  
E ncyclopaed ia  o f P la n t P hysio logy , XIV, Growth and 
Growth S u b stan ces . I I 62- 84 . W. Rhuland (E d .) . 
S p rin g e r-V e rla g .

VLITOS, A .J . (1956 ) In d o le  compounds i n  photo induced  p la n t s .  The 
Chem istry and mode o f a c t io n  o f p la n t  growth su b s ta n c e s . 
57- 64 . Proc.Wye C ollege Symp. Wain, R.L. and Wightman,F. 
(E d .) .

VLITOS, A .J . and MEUDT, W. (1953) The r o le  o f aux in  in  p la n t  flo w er
in g .  1 . A q u a n t i ta t iv e  method based on p aper chrom ato
graphy f o r  th e  d e te rm in a tio n  o f in d o le  compounds and o f 
3 - in d o le  a c e t ic  a c id  i n  p la n t  t i s s u e s .  C e n tr ib . Boyce 
Thompson I n s t .  17, 197-202.

WIESNER, J .  (1884) Note u b e r  d ie  an g eb lich e  F unction  d e r  W u rz e lsp itze .
Ber. d . bo t .G es. 2, 72-78. R ef. from Went, F. . and Thimann, 
K.V. Phytohorm ones. M acm illan, New York.

WENT, F.W. (1926) On growth a c c e le r a t in g  su b s tan ces  i n  th e  c o le o p t i le  
o f  Avena s a t i v a . Proc.Kon.A kad.W etensch.A m st. 30, 10-19. 
R ef. from Went, F.W. and Thimann, K.V. Phytohorm ones. 
M acm illan, New Yoik.



163

WENT, P.W. (1928) W uchsstoff und Wachsturn. R e c . t r a v .h o t .n e e r l .  25, 
1 -116. R ef. from Went, P . / .  and Thimann, K.V. 
Phytohorm ones. M acm illan, New Yoik.

WILDMAN, S.G . and GORDON, S.A . (1942 ) P ro c .N a th .A cad .S c i. U .S .,
28 , 217 . R ef. from Gordon, S.A. (1954) O ccurrence, 
F o im ation  and I n a c t iv a t io n  o f A uxins. A nn.R ev.PI. 
P h y s io l. 5 , 341- 378 .

WILDMAN, S.G. and MUIR, R.M. (1947) Enzym atic co nversion  o f t r y p to 
phan to  aux in  and i t s  r e l a t i o n  to  d i f f u s ib le  and exrtract- 
a b le  au x in  in  v a rio u s  p la n t s .  Amer. J .  Bot. 34, 6O4 .

WILDMAN, S.G. and MUIR, R.M. (1949) O bservations on th e  mechanism 
o f aux in  fo rm atio n  i n  p la n t  t i s s u e s .  P la n t P h y s io l.
24 , 84- 92 .

YOUNIS, A .F. (1954 ) E xperim ents on th e  growth and geo trop ism  o f 
r o o ts .  J .E x p .B o t. 5, 357-372.

AUDUS, L .J .  and THRESH, R. (1956) The e f f e c ts  o f s y n th e tic  growth 
r e g u la to r  tre a tm e n ts  on th e  le v e ls  o f f r e e  endogenous 
grow th su b s ta n c es  in  p l a n t s .  A nn.Bot. N.S. 20 , 459-459#

BENTLEY, J .A . , HOUSLEY, S . and BRITTON, G. (1956) Hormones and hormone 
p re c u rso rs  in  le a v e s , ro o ts  and s e e d s . The ch em is try  and 
mode of a c t io n  o f p la n t  growth su b s ta n c e s . 40-51 •Proc« Wye 
C o llege  Symp., Wain, R .L . and Wightman, F . (E d .) .



164

A P P E N D I X



H

I

mfH
S
C
o
ü

«H
O

mci

Q)mm
S
(D

f
§
O
0

m

H

iI
O

0 
-p

1 
•H
-PO0
m
0TZI

g
0

"S
•H
-P
0A

«H

-P
g
Ch
O

g
a

§
0

S

-P
00

•p

t

-P
0lü

rO 00 CM MO

ITM

8
-P •
0 i r \ 1—1 O O CM m

co CM o \ 1—1 V£) 1—) CM rH
rO CM CM rH rH

,cj +3 
■p 0  
\0  ZQ

rd
-P

o rH LTN 1—l O
H^
0 o 1—1 m rH Q

la CM O - en LT\ O
m CM CM rH A

rU -P  
-P  0  ^  CQ

«H
o

§ ^  
•H

^  a
0 ^  
o  H
O

o

165

CM MO o \ PO
•

00 o O O en CM
rn 00 CM MO CTM OM
en CM CM rH

r*')

C^roro

00
00
C\JrO

CM

CM

%

o \
C^
CM

rO
LT* I—I
CM

CT\
m

rH

rn
lA
CM
CM

00

é
r~i

m
•

m
o \

oo

t—

[—
o \

4 O  (H CM m
o  o  I o  M O  I o  l o
r4  rH rH rH rH rH

iH

a \ CM OM 00 -M- MO

m

8

O OM CM O
rn OM o MO rH CJM 1—f
rn CM CM 1—i rH

%
§

rH

S
•p

§
0

1

8
CM

8
•

CMI—l

O
o

CM

00 O MO MO
O
00 8

■P • •
0 00 CM ITM rH rH PO CM

co PO c - CM o - (JM c r\ 1—1 rH
PO CM CM rH

I
rH

rH

§
Ug

O
OO
00

8

00
00

8

CM
un O PO
CM o 1—1

CM O
1—i 1—1

CM s
un o PO
CM o 1—1

•
CM o

1—1 rH

vo
CM
00
rH

PO rH C— r - 00
O
00

O
O

MO
CM
OO
rH

-p #
0 PO rH C— r— 00 rr) CM O

m PO MO CM e— 00 OM rH 1—1
PO CM CM rH

MO
CM

un CM 00 MO OO O rH
-p -p • • • •
0 0 t n CM 00 rH PO CM O

A co ITM OM CM PO OM OM rH f—i
PO CM CM 1—1

0
■3
A

-P
Ü
O
ü

(H
O

A

CQ



CM

I

0
rH

s
-pco
Ü

«H0 
VL
wid
nd00
0

U
R'
0

1
§
Ü
0

CO

o c— o m CO
d
0 c - VO CM "M-
0 CO o o ON ON

CM CM rH rH

rd +3
-P  0  m cn

^  -p  
-p  0  ^  c/3

idJH

I

CTN ON VO rH r o VO ITN O rH
-P • «
0 C-- rH CM r n O LTN CM O

CO o o o o \ ON 1—! rH
r n CM 1—1 rH

Cmo
d ,
o A

•H
■p •
cd %
d B

•P
d
0
O H
doo

O n

&rO CM

O
rH

O
rH

r~ i

' o

CM
IO
rH

ro
■o
rH

ITNfO

mrO

f
0

rH

I—I
0  
U

1 
Ü

§
0

166

IfN
m o O

CO 1—1 rn 0 0 LCN o rH
•

rH LfN fP) o rH m CM O
1—1 O ON ON rH rH

I 
0 I—i
I—icd
C

'Ü
O

o
0 0 CM o 1—1 LfN O rH

•
iH o VO O VO m LfN CM O
LfN 1—1 'sJ- O ON o rH 1—1
CM CM rH rH rH

UN c— OO VO ON CM
U^
CM

O
o

ON
CM
rH

-P # •
0 rH D - m VO ON LfN CM O

CO 0 0 O rn o ON CO rH rH
CM CM rH 1—1

rH UN UN VO 's f rO

O
LfN
CM

o
o

rH
ON
CM
rH

-P -P • • • • • • o
0 0 VO rH rH 0 0 LfN UN CM c 5

rH CO
8

O
CM rH

o
rH

ON ON rH rH

0
rH

s
-p

§
Ü

«H
o

CO



167

TABLE 3

Change in  f lu o re s c e n t  i n t e n s i t y  v /ith  in c re a s in g  fH 

F luo rescence  v a lu e s  i n  a r b i t r a r y  u n i t s .

pH F lu o rescen ce  F ig u re s

Values DOPA Unknoï/n sample

0.1 17 25.7

1 .0 27 3 5 .0

2.2 62.5 64 .0

3 .0 97 90 .0

4 .0 100 100 .0

 ̂ 5 .0 100 100.0

6 .0 90 .5 90 .0

7 .0 8 0 .5 72 .5

8 .0 55.5 4 8 .0

8 .93 4 6 .5 27 .0

10.14 3 .35 _
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TABLE 4

Change in  f lu o re s c e n t  i n t e n s i t y  w ith  in c re a s in g  pH 

F lu o re sc e n t v a lu es  i n  a r b i t r a r y  u n i t s .

pH F lu o rescen ce  f ig u re s
Values D.L. Tryptophan Unknown sample

0 .1 4 .4 5 .5

1 .0 1 1 .0 17.4

2 .2 24.4 23.7

3 .0 31.75 3 6 .0

4 .0 39 .0 4 1 .5

5 /0 4 2 .0 4 5 .5

6 .0 4 5 .0 51 .0

7 .0 4 7 .5 51.0

8 .0 51 .0 53 .0

8 .93 58.5 58.0

10.14 89 .5 8 8 .5

11.07 100.0 100.0

12 .10 92 .5 91 .0

12.97 22.3 23.7

13 .20 16 .6 22 .0

14 .00 2 .4 6 .80



TABLE 7
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E th e r  so lu b le  a c id  aux ins i n  V ic ia  fah a  whole ro o t  t i p s .  E f f e c t  o f g e o tro p ic  s t im u la tio n  on aux in  p ro d u c tio n ,
t i s s u e  i n  a l l  experim ents 1 .0  g . Oat f i r s t  in te m o d e  a s sa y . Grov/th exp ressed  as t o t a l  e x te n s io n .

W e ig h t o f

F i g u r e  No. 

i n  t e x t

V i a l  N o.

1 1 .0 8 1 .3 1 .9 0 1 .7 5 0 .8 5 1 .8 5 1 .8 5 1 .02 0 ^ 0 0 ^ 6 2 ^ 5 1 .4 0 2 .2 5 1 .00 0.10 0.80 2.10 1 .0 5 (L 6 5 2 .20 0 .9 0

2 0 .9 7 1 .4 2 2 .2 5 1 .7 5 1 .10 1 .9 5 1 .9 0 1 .20 0 ^ # 1 .0 5 1 .9 5 1 .10 2.20 1 .1 5 0 .6 5 1.08 2 .2 5 0 ^ # 1 .0 3 2 .4 0 1 .00
3 0.88 1 .2 5 2 .1 5 2 .00 0 .8 5 2 .0 5 1 .5 0 0 .9 0 0 ^ 6 1 .8 5 1 .2 7 1 .9 0 0 .85 0^ ^ 0 .7 5 2 .3 0 0 ^ 4 0 .9 5 2.20 0 .9 5

4 0 .9 2 1 .35 2.00 2.20 0 .9 3 2 .0 5 2 .1 7 1 .7 8 1 .0 5 1 .8 5 1 .35 2 .10 0.88 0 .8 0 0 .9 2 2.00 1 .10 1 .0 5 2 ^ ^ 1 .0 5

5 1 .0 5 1 .63 2 .00 2 .10 0 .9 5 2 .20 2.10 2.00 1 .0 5 2 .0 5 1 .35 2 .00 0 .7 8 0 ^ 0 0 .8 2 2 .1 5 1 .0 5 1.13 2 ^ 5 1 .2 0
6 1 .00 1 .3 0 2 .3 0 2 .4 0 0 .8 7 2 .00 1 .8 5 1 .7 0 0 .9 5 O ^W 2 .5 0 1 .4 0 2.00 1 .00 0.88 O ^W 2 .1 5 0 ^ ^ 0.93 2 .2 5 0 9 5

7 1 .0 3 1 .4 7 2 .10 1.75 0 ^ 5 1 .9 0 1 .7 5 1 .3 0 0 .9 2 1 .00 2 .7 5 1 .6 0 2^ W 1.08 0 .9 8 0 .9 2 2 .3 0 1 .10 0 .9 7 2 .1 5 1 .0 5

8 0 ,9 5 1.35 2.00 1 .8 5 1 .1 5 2 .0 5 2 .0 5 1 .3 2 1 .1 0 0 .95 2 .0 5 1 .6 0 2 .00 1 .0 5 1 .10 1.08 2 .4 0 o ^ w 1 .0 5 2 .0 5 0,95
9 0.88 1 .32 2 .45 2 .0 5 1 .0 5 2 .4 0 2 .2 7 1 .5 0 0 ^ 6 1 .2 2 2 .20 1 .75 2.10 1 .1 5 1 .10 0 .9 8 2 .3 0 0 .9 0 1 .0 5 2 .5 0 0 9 5

10 1 .0 0 1 .4 2 2^ ^ 1 .6 5 1 .1 5 2 .6 5 3 .10 1.68 1 .0 7 1 .2 0 1.35 1 .5 3 2 .5 0 1.73 1 .00 1 .6 7 2.60 1 .0 3 1 .0 3 2.45 1 .10

11 2 .1 5 1 .20 2 .2 5 2 ^ ^ 1 .02 3 .0 5 3.67 1 .5 8 0 ^ ^ 1 .1 5 3 .5 0 1 .32 2.45 2 .00 0 ^ ^ 1 .2 5 3 .0 5 0 ^ ^ 1 .6 5 2^ ^ 1 .2 0

12 1 .3 0 1 .2 0 4 ^ W 2 .1 5 2^ ^ 2 .7 0 2 .8 5 1 .60 1 .00 1 .5 0 3 .2 5 1 .5 5 2 .5 5 1.13 1.88 0 .9 5 2^ ^ 0 .9 0 1 ,6 5 1 .0 5

13 0 .9 0 1 .9 0 3 .7 5 1 .9 0 2.60 2 ^ ^ 3 .80 1 .60 1 .6 5 ^.95 4 ^ 5 1 .75 2 ^ 5 1 .1 7 1 .5 3 0^ ^ 3 .3 0 1 .0 5 1 .1 5 3 .7 0 1 .0 5

14 0 .7 8 2 .5 0 2 .0 5 1 .60 1.45 5 .6 5 2 .7 5 , 1 .9 0 2 .60 1.73 2.00 1 .60 2^ ^ 0 .7 5 1 .0 5 0 .7 0 2 .3 0 1 ^ 2 1 .20 2.7 ,5 0 .80

15 0 .8 5 1 .8 5 1 .5 0 1 .5 0 1.03 3 .2 5 1 .4 0 2 .0 5 2 .00 1 .22 1.35 1 .7 3 4 .8 0 0 .9 8 0 .6 5 0 .9 2 1 .8 5 1 .20 0 .7 5 2 .00 0 ,8 5

16 0.95 1 .4 0 1 .95 1.55 1 .0 5 2 .00 1 .7 0 1 ^ ^ 1 .00 0 .7 0 2.00 1 .4 0 2 ^ 5 0.85 O ^ G 0 .7 5 2.10 0 .8 5 0 .8 7 2 .10 0 .9 5

17 0 .8 5 1 .1 5 2 .1 5 1.73 0 .9 5 2 .2 5 2 .2 5 1.12 0 .8 5 0 ^ 3 2 ^ ^ 1 .1 5 1 .7 5 o ^ e o ^ m O ^ C 2 .10 0 ^ 0 0 .8 5 2 .20 0^1 5

18 0.75 1 .20 1 .80 1 .7 0 0^ ^ 2 .1 5 1 .9 0 1 .4 0 0 .88 0 .8 5 2 ,2 5 1 .3 0 1 .75 0 .8 5 0 ^ 5 0.60 2 .0 5 1 .0 3 0 ^ 6 ^,25 0 ^1 5

19 0.80 1 .4 0 2 .00 0 .80 1 .8 0 1 .8 0 1 ^ ^ 0 ^ ^ 1 .00 2 .4 5 1 .4 5 1 .8 5 0 .9 2 0 .80 0 .8 5 2 ^ ^ 0 .9 0 0 ^ ^ 2.35 1 .00

20 0 .9 0

M ean t o t a l  
e x t e n s i o n  o f

1 .32 2 .00 1 .9 5 0 .7 8 1 .8 0 2 .2 5 1 .5 0 0 .8 5 1 .2 0 1 .8 5 1 .5 0 2 .0 5 0 ^ ^ 1 .00 0 .9 5 2 .3 5 0 ^ 6 1 .10 2 .5 0 0 .9 5

c o n t r o l s

S ta n d a r d

0.88 1.21 2 .20 I 0 8 3 0 .8 7 2.08 1.83 1.21 0 .88 0 .8 7 2 .0 8 1 .21 2 .0 4 0.88 0.88 0 ^ 0 2.20 0 .8 7 0 ^ # 2 .20 0 .8 9

d e v i a t i o n  

o f  c o n t r o l s

.0 7 5 3 .0 9 9 .133 .1 7 1 .0 4 7 .1 4 9 .1 7 1 .0 9 9 .0 7 5 3 .0 4 7 .1 4 9 .0 9 9 .102 .0 7 5 3 .0 7 5 3 .0 7 5 3 .133 .0 4 7 .088 .133 .088
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TABLE 8

E th e r  so lu b le  aux ins in  u pper and low er h a lv es  o f  ro o t t i p s .  E f fe c t  o f  g eo tro p ic  s t im u la tio n  on aux in  p ro d u c tio n . Weight
o f  t i s s u e  i n  each h a l f ,  0 .5  g* Oat f i r s t  in te m o d e  a s sa y . Growth exp ressed  as t o t a l  e x te n s io n .

F i g u r e  N o. 

i n  t e x t
a b c d e f g h i j k 1 m n 0 P q. r 8 t

V ia l  N o . l 1.37 1 .4 0 1 .2 0 1 .6 7 1.37 1 .5 5 1 .9 1 .8 0 2 .1 0 1 .4 5 1 .6 0 0 .7 5 1 .4 5 0 .6 5 1 .1 5 1 .5 5 1 .0 8 1 .5 5 1 .0 0

2 1 .39 1 .5 8 1 .45 1 .5 5 1 .6 0 1 .5 8 2 .4 l i 50 2 .4 0 1 .4 7 1 .3 0 0 .8 5 1 .00 0 .8 5 1 .0 5 1 .5 3 1 .4 5 1 .7 7 1 .35 1 .1 5

3 1.23 1.35 1 .5 5 1 .1 5 1 .2 5 1.35 1 .9 5 1.83 1 .7 5 1 ^ # 1 .4 5 0 .9 0 1 .5 5 0 .80 1 .2 5 1 .2 5 1 .1 5 1.63 1 .45 1 .1 5

4 1 .74 1 .4 5 1 .60 1 .23 1 .32 1.68 2 .10 1 ,20 1 .7 5 1 ^ # 1 .20 0 .7 5 1 .28 0 .8 0 1 .00 ^ .2 5 1 .2 5 1 .4 0 1 .35 1 .3 0

5 1.67 1.88 2 .1 8 1 .5 0 1 .5 8 1 .7 0 2.00 1 .60 2 .0 5 1 .20 1 .45 0 .8 0 1 .35 0 ^ ^ 1 .00 1 .45 1 .10 1 ^ « 1 .2 5 1 .2 5

6 1.83 1 .6 5 1 .8 5 2 .00 1 .8 5 1 .7 7 2 .2 5 1 .3 0 2 .4 0 1 .80 1 .4 0 0.95 1 .60 1 .10 1.13 1 .5 7 1 .4 0 1 .6 7 1 .3 0 1.18

7 1.83 1 .7 5 1 .6 5 1 .6 0 1 .6 5 2 .1 5 2 ^ ^ 1 ^ ^ 2 .5 0 1 .60 1 .1 5 0 .7 5 1 .6 0 o ^ w 1 .2 5 1 .5 0 1 .5 0 1 .4 5 1 .2 5 1 .10
8 1 .67 1.45 1 .6 5 1 .7 5 1.33 1 .8 0 2 .4 0 L .39 2 ^ 5 1 .4 5 1 .22 1 .10 1 .6 8 1 .0 5 1 .2 8 1 .6 7 1 .2 0 1 .5 7 1 .1 5 1.28

9 1.43 1.38 1 .8 0 1 .3 0 1 .4 2 1 .60 1 .9 5 1 .7 4 2 .0 5 1 .80 1 .4 0 0 ,8 5 1 .7 0 0 .9 0 1 .1 5 L .35 1 .4 0 1 .4 0 1 ,1 5 1 .20
10 1 .95 1 .6 0 1 .75 1.83 1 .6 0 1 .9 0 2 .30 1 .3 0 2.22 1 .5 0 1 .6 5 0 .9 5 1 .2 5 1 .00 1 .10 1 .6 5 1.33 1 ^ ^ 1 .2 5 1 .4 5

11 1 .67 1.38 1 .6 0 1 .5 0 1 .4 0 1 .5 0 2 ^ ^ 1 .74 2.45 1 .8 5 1 .0 0 0 .9 5 2 .0 5 0 .75 1 .23 1.63 1 .4 5 1 .6 7 1 .1 5 1 .2 5

12 1 .47 1 ,6 5 2.68 2 .00 1 .5 2 1 .7 0 2 .5 5 1 .8 7 2 .80 1 .8 5 1 .0 5 0 .8 5 1 .6 0 0 .7 5 1 .00 1 .5 0 ^ ,2 5 1 ^ 3 1 .1 5 1 .2 0

13 1 .87 1 .4 7 1 .8 0 1 .9 0 1 .45 3 ^ ^ 2^ ^ 1 .6 5 2 .4 0 1 .9 5 1 .3 0 1 .10 1 .47 0 .7 0 1 .3 0 1 .4 0 r . 2 5 1 .8 2 1.23 1 .1 5

14 2.15 2 .4 8 1 .9 2 2 .3 0 2 .1 5 2 .5 0 2.80 1 .9 5 &.55 1 .60 1 .22 0 .7 0 1 .0 5 0 ^ ^ 1 .6 5 1 .5 0 1 .55 2 .4 0 1 .3 0 1 .4 0

15 1 .53 1 .6 5 1 .4 0 2^ ^ 2 .12 1 .4 0 2 .1 5 1 .0 5 2 .0 5 1 .00 0 .9 0 0 9 5 0 ^ ^ 0 .7 5 1 .4 5 1 .6 5 1 .4 0 1 .1 5 1 .1 5 1 .20
16 1.43 1 ,2 5 1 .45 1 .2 0 1 .4 8 1 .4 0 1 .9 5 1 .45 1 .4 0 ^ 3 5 1 .10 0 .8 0 1 ,10 0 .60 1 .6 5 1 .4 0 1 .9 0 1 .0 5 1 .5 5 1 .55
17 1 .23 1 .45 ^.95 1 .4 5 1 .2 5 1 .68 1 .5 5 1 .74 1 .7 0 1 .3 0 1 .10 0 .60 1 .35 0 .80 1 .1 5 1 .20 1 .30 1 .2 5 1 .1 5 1 .0 5

18 1.37 1.32 1 .6 5 1 .20 1 .2 5 1 .8 5 1 .40 1 .6 7 1 .75 1 ^ # 1 .1 5 0 .5 5 0 ^ ^ 0 ^ ^ 0 ^ 5 ^ ,2 5 0 ^ ^ 1 .00 0 .9 0

19 1 .67 1,38 1 .68 1 .7 4 1.47 1 .5 0 1 .7 0 1 .9 0 2 .00 1 .6 7 1 .4 8 0 .6 5 1 .10 0 ^ 5 1 .1 5 1.63 0 .6 5 1 .4 0 0 .8 5 1 .0 3

20
M ean t o t a l  

e x t e n s i o n  

o f  c o n t r o l s

1.77

1 .47

1 .35

1 ,4 1

1 .5 5

1 .7 8

1 .9 5

1.47

1 .7 0

1 .4 1

1 .5 8

1 .7 8

2 .00

2 .0 5

2 .1 5

1 .4 7

2 ,2 5

2 .0 5

2.00

1,47

1.28

1 .3 0

0 9 5

0 8 9

1 .4 0

1 .3 0

0 .8 5

0 ^ #

1 .1 5

1 .16

1.73

1 .4 1

0 ^ ^

1.16

1.45

1 .4 1

1 .00

1.16

1 .1 5

1 .1 6

S ta n d a r d  d e v i 

a t i o n  o f
"0.0894 0.0888 0 .0 9 0 .0 8 9 4  a 0888 0 .0 9  0 .1 4 5 .0894 0 .1 4 5 .0 8 9 4 0 .1 4 1 .0 8 7 6 0 .1 4 1 .0 8 7 6 .0 4 7 .0888 .0 4 7 .0888 .0 4 7 .0 4 7



TABLE 9

E t h e r  i n s o l u b l e  ( w a te r  s o l u b l e )  a u x i n s  i n  w h o le  r o o t  t i p s ,  

o f  t i s s u e  i n  a l l  e x p e r im e n t s  1 .0  g .  O a t c o l e o p t i l e  a s s a y .

E ffe c t  o f  g eo tro p ic  s t im u la tio n  on aux in  p ro d u c tio n .

Growth expressed  a s  t o t a l  ex te n s io n .
Weight

171

F i g u r e  No. 

i n  t e x t

V ia l  N o. 1 2.45 2.75 2.00 2 .80 2 .6 5 2 ^ ^ 2 .7 0 2 ^ a 2 ^ 5 2 .4 5 2 .5 5

2 2.60 2.45 2.45 2 .3 0 2 .3 0 2 .7 0 2 .9 0 2 ^ 5 2 ^ ^ 2 .4 5 2 .8 5

3 1 .95 1 ^ ^ 1 .80 1 .80 2 .0 5 1 .7 0 2 .1 5 1 .6 5 1 .9 0 2.00 2 .2 5

4 2.05 1 .80 1 ,60 2 .2 5 1 .8 0 2 .7 5 2.00 2.20 1 .9 5 1 .80 1 .6 5

5 3 .00 2.55 1 .75 2 .8 0 2 .80 2 .0 5 3 .0 0 1 .9 5 2 .1 5 1 .9 0 2.00
6 2 .85 2.25 1 .95 2 .20 1 .8 0 1 .5 5 2 .2 5 1 .7 0 1 .9 0 1 .5 5 1 .4 0

7 1 .80 1 .85 1 .75 1 .9 0 1 .8 5 1 .60 1 .9 0  , 2.10 l ^ W 1 .6 5 1 .80
8 1 .80 1 .95 1 .80 1 .8 5 1 .7 0 1 ,6 5 1 .9 0 2.00 1 .5 0 1 .9 0 1 .7 0

9 1 .55 2 .00 1 .85 1 .80 1 .8 5 1 .9 0 1 .80 1 .7 5 2 ^ 4 2.00 1 .75
10 1 .55 2 .00 l ^ W 1 .4 5 1 .8 5 2 .00 1 .7 0 2 .1 5 2 .00 1 .8 5 2 .00
11 2 .00 2 .00 1 .80 1 .80 1 .8 5 1 .9 0 1 ^ ^ 2.00 2 .0 5 1 ^ ^ 1 .6 0

12 1 .7 0 1 .80 1 .45 2 .20 2 .1 5 2.10 2 .20 2 .5 5 2 .00 2 .3 0 2 .10

13 1 .9 0 1 .90 1 .5 0 2 .0 5  ^ 2 .2 5 2 .5 0 2 .00 1 .9 5 2 .1 5 1 .6 5 2 ^ 5
14 2.05 1 .65 1 .80 1 .8 5 1 .9 5 1 .9 5 2.10 1 .80 1 .75 1 .7 5 1 .5 5

15 1 .80 1 .60 1 .9 0 1 .9 0 1 .7 5 1 .9 0 1 .7 0 2 .0 5 1 .60 2.00 1 .20

16 1 .35 1 .5 0 1 .8 5 2 .00 1 .5 0 1 .45 1.60 1 .2 5 1 .9 5 1 ,60 1 .4 0

17 1 .50 1 .50 1 .2 5 1 .55 1 .2 5 1 ,60 1 .6 5 1 .30 1.45 1.45 1 .20

18 1 .5 0 1 .20 1 .3 0 1 .5 0 1 .35 1 .3 0 1 .5 5 1 .4 0 1 .4 0 1 .60 1 .20

19 1 .25 1 .3 0 1 .4 0 1 .2 5 1 .3 5 1 .7 0 1 .4 0 1 .60 1 .60 1 .4 0 1 .2 5

20 1 .3 0 1 .2 0 1 .3 0 1 .4 0 1 .4 5 1 .7 0 1 .5 0 1 .5 0 1 .5 0 1 .8 5 1 .20
M ean t o t a l
e x t e n s i o n 1.63 1 .63 1 .5 8 1.63 1 .5 8 1 .5 0 1.63 1 .5 0 1 .5 8 1 .5 0 1 .5 0
o f  c o n t r o l s

S ta n d a r d  d e v i 

a t i o n  o f
.0966 . q # 6 .1 1 5 .Q # 6 .1 1 5 .1 7 3 . g # 6 .1 7 3 .1 1 5 .1 7 3 .1 7 3

c o n t r o l s
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TABLE 10

E th e r  in s o lu b le  (W ater so lu b le )  aux ins i n  upper and low er h a lv es  o f ro o t t i p s .  E f fe c t  o f  g eo tro p ic  s t im u la tio n  on aux in
p ro d u c tio n . Weight o f  t i s s u e  i n  each h a l f ,  0 .5  g . Oat c o le o p t i le  a s sa y . Gro’rfch exp ressed  as t o t a l  ex ten s io n .

F i g u r e  N o. 

i n  t e x t
a b c d e f s h i j k 1 m n 0 P q r 8 t

V ia l  N o . l 1 .85 1 .6 0 0 .9 0 1 .8 5 1 .00 1 .4 0 2 .3 0 2 .9 0 1 ,5 0 2 .5 0 1 ^ 5 2 .5 5 1 .02 1 .5 0 1 .02 1 .7 0 1 .7 5 1 .8 5 1 .8 0 1 .4 0

2 1 .85 2 ^ 5 2 ^ 3 2.20 2 .4 5 2 .00 2 ^ ^ 2 ^ ^ 2 .6 5 2.20 2 .6 5 1 .9 7 2.00 2.34 1 .90 1 .7 0 2 ^ ^ 1 .75 2.38

3 2 .05 1 .75 1 .7 5 2.02 1 .8 2 2 .00 1 .5 5 1 .7 0 L .8 5 1 .8 0 1 .7 5 2 .10 1 .7 0 1 .5 0 1 .9 0 1 .5 0 1 .60 2 .0 3 l ^ W 2 .1 7

4 1.97 2 .15 1 .6 0 1.97 1 .9 0 1 ^ ^ 1 .7 5 1 .80 1 .8 5 1 .8 5 2 .6 5 1 .8 5 1 .7 2 1 .7 0 1 .9 2 1 .5 5 L .5 5 2 .6 8 1 .8 5 2.32

5 2 .15 1 .85 1 .6 5 1 .9 0 1 .9 0 1 .6 5 1 .80 1 .9 0 1 .7 0 1 .55 1 .7 0 1 .7 0 1 .8 2 2 .0 5 1 .7 8 1 .6 5 1 .85 2.12 1 .8 0 1 .9 2

6 1.87 1 .6 0 1 .55 1 ^ 3 1 .5 5 1 .6 5 1 .4 0 1 .5 0 1 .8 5 1 .5 0 1 .6 5 2 .2 5 1 .7 5 1 .75 1 .35 1 .7 5 1 .7 0 2.08 1 .80 1 .77
7 1.83 1 .65 1 .6 0 1 .9 7 1 .7 5 2 .1 5 1 .5 5 1 .7 0 1 .7 0 1 .6 5 1 .7 5 1 .6 0 1 .9 7 1 .35 1 .4 0 1 .6 5 1 .75 2.02 1 .6 5 1 ^ #

8 1 .90 1 .55 2 .16 1 .8 7 1 .4 1 1 .8 0 1 .45 1 .5 5 1 .7 0 1 .5 0 1 .9 0 1 .6 5 1 .6 2 1 .6 5 1 .5 2 1 .5 5 1 .5 0 2.20 1 .6 5 2 .0 8

9 2.37 2 .10 ^ .9 5 2 .10 1 .82 2 .20 1 .6 5 1 .9 0 1 .6 0 1 .4 0 2 ^ ^ 1 .7 5 1 .68 1 .9 0 1 .5 5 1 .9 0 1 .7 0 2 .20 1 .7 0 1 .9 5
10 2.07 2.05 1 .7 0 1 .9 7 2 .0 7 2 .00 1 .45 1 .7 5 2 .00 1 .80 2 .1 5 2 .30 ^ ,95 1 .60 1.88 l o 75 1 .7 0 2 .1 7 1 .75 2 .2 5

11 2 .4 0 1 .8 0 2 .10 2 ^ 3 1 .95 1 .9 5 1 .8 5 2 .2 5 2 .20 1 .9 5 2 .00 2 .0 5 1 .8 7 1 .4 5 1 .4 0 2 .1 5 1.75 2 .4 0 1 .75 2.37
12 2.07 1 .75 2 .30 2 .0 5 1 .7 2 2 ^ 5 1 .5 5 1 .8 5 ^.45 1 .9 0 2.45 2 .10 1 .9 2 1 .9 0 1 .80 1 .9 0 1 .7 0 2 .4 5 2 .0 5 1 .8 2

13 2.15 1 .27 &.55 1 .95 1 .8 0 2 .4 0 1 .6 5 1 .6 5 2 .0 5 1 .7 0 2 .20 2 .4 0 1 .6 7 1 .8 0 1 .5 7 1 .80 2 .0 5 L .9 5 1 .80 ^ ,9 5

14 1 .78 1 .90 1 .7 0 1 .80 2 .1 5 2 .00 1 .9 0 1 .8 5 1 .8 5 1 .55 2 .4 0 1 .5 0 1 .7 0 1 ^ ^ 1 .45 1 .5 5 1 .75 1.83 1 .9 0 1.77

15 1 .4 0 1 .67 1 .7 0 1.47 1 .9 0 1 .7 0 1 .6 0 '1 . 7 5 1 .4 0 2 .10 1 .7 0 1 .7 2 1 .8 5 1 .3 0 1 .7 0 2 .0 5 1 .4 7 2 .20 1 .23
16 1 .53 1 .45 1 .8 5 1 .35 1 .80 1 .5 5 1 .45 1 .4 0 1 .8 0 1 .7 0 1 .45 1 .4 0 1 .22 1 .7 0 1 .30 2.00 1 .75 1.43 1 ^ ^ 1 .2 7

17 1 .30 1 .2 0 1 .6 5 1 .4 2 1 .5 7 1 .5 5 1 .3 0 1 .30 1 .1 5 1 .2 5 1 .4 5 1 .4 5 1 .22 1 .6 0 1 .4 0 1 ^ 8 1 .7 5 1 .5 2 1 .6 5 l ^ G

18 1.68 1 .50 1 .2 0 1 .6 5 1 .30 1 .3 5 1 .1 0 1 .1 5 1 .1 0 1 .20 1.35 1 .2 5 1 .20 1 .4 0 1.37 1 .7 5 1 .4 0 1 .7 0 1 ,4 0 1 .6 5

19 1 .55 1 .45 1 .1 5 1 .45 1 .5 0 1 .1 5 1 .1 5 1 .45 1 .0 5 1 .7 0 1 ^ ^ 1 .4 5 1 .5 2 1 .20 1 .45 1.45 1 .45 1 .7 0 1 .1 5 1 .45
20 1 .6 0 1 .62 1 .55 1.63 1 .8 0 1 .5 5 1 .20 1 .20 1 .3 0 1 .30 1 .20 1 .5 0 1 .4 2 1.35 1 .6 5 1 .4 5 1 ^ ^ l ^ G 1 .35 1 .4 3

M ean t o t a l  
e x t e n s i o n  
o f  c o n t r o l s

1 .79 1 .63 1 .79 1 .4 6 1 .63 1 .5 0 1 .5 0 1 .63 1 .5 0 1.63 1 .5 0 1 .46 1 .49 1 .4 6 1 .49 1 .49 1.79 1 .49 1 .7 9

S ta n d a r d  d e v i 
a t i o n  o f  .083 
c o n t r o l s

.0 6 4 ,0395 .083 .0 6 4 .0395 .1 7 3 .1 7 3 .0395 .173 .0395 .1 7 3 .0 6 4 .0 7 4 5 .0 6 4 .0 7 4 5 .0 7 4 5 .083 .0 7 4 5 .083
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TABLE 11

W ater so lu b le  aux ins from 2 .0  g . ro o t t i p s .  2 te n fo ld  d i lu t io n s  made on each o r ig in a l  c o n c e n tra tio n . Assay -  Pea ro o t
e x te n s io n  t e s t .  Growth ex p ressed  as t o t a l  e x te n s io n .

V ial No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

O rig in a l
c o n c e n tra tio n  4 .4 6,25 7 .55 5 .00 8.45 8 .1 0 5^ ^ 2.45 8 .15 8 .6 0 8 .1 8 .3 5  10.57 3.5 8 .75 9.05 0 .90 3.68 9 .60 10.1

D ilu tio n   ̂
10-^ 5 .7 8 .4 8 .05 9.10 9 .00 8 .05 9.94 9 .10 8 .7 0 8 .2 0 8.8 8 .5 5  10.17 10.25 9.35  10.30 9.1 8 .6 10.50 11.03

10-^ 7.45 4 .1 5 8 .5 0 9 ^ ^ 9 .25  10.3 7 .40 9 ^ ^ 9 .00 9 .80 9.9 9 .0 0  10 .00 5 .6 8.45 9.65  11.4 10.5 11 .0 9.85

Mean t o t a l
e x te n s io n
o f  c o n tro ls  9*43

S tandard  d e v i
a t io n  o f
c o n tro ls  0.7225


