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T h is  t h e s i s  has been su b m itted  i n  p a r t i a l  fu l~  

f i I lm e n t  o f req u irem en ts  f o r  an advanced d eg ree  a t  

. th e  U n iv e r s i ty  o f A rizon a  and i s  d e p o s ite d  in  th e  

L ib ra ry  t o  b e  made a v a i la b le  t o  b orrow ers under r u le s  

o f  th e  L ibraryo B r ie f  q u o ta t io n s  from  t h i s  t h e s i s  are  

a llo w a b le  w ith o u t s p e c ia l  p e r m is s io n , p ro v id ed  th a t  

a c c u r a te  aeknowledgm ent o f  so u rce  i s  made. R equ ests  

f o r  p e r m iss io n  fo r  ex ten d ed  q u o ta tio n  from  or rep ro ­

d u c t io n  o f  t h i s  m an u scrip t in  whole or in  p a r t may 

be gran ted  by  th e  head o f  th e  major departm ent or th e  

dean o f  th e  G raduate C o lle g e  when in  t h e i r  judgment 

th e  proposed  u se  o f  th e  m a te r ia l  i s  in  th e  i n t e r e s t s  

o f  s c h o la r s h ip » In  a l l  o th e r  in s t a n c e s 9 however*s p e r ­

m is s io n  m ust be o b ta in ed  from  th e  au th or  0

s im tE D i  .
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STAT11S1T OF THE PROBLEM

The p ro p a g a tio n  of e i t r u s  r o o ts to c k  by com m ercial nur­

serymen in  th e  v a r io u s  e i t r u s  a r ea s  o f  th e  U n ite d  S t a t e s  has 

p r e se n te d  many t e c h n ic a l  problem s in  th e  f i e l d  o f  g erm in a tio n  

o f  c i t r u s  seedo The low  p e r c e n ta g e  o f  g e rm in a tio n  n e c e s s i ­

ta te d  th e  p la n t in g  o f e x c e s s  seed  to  o b ta in  s u f f i c i e n t  se ed ­

l i n g s  f o r  budding to  com m ercial v a r ie t ie s , .

A sex u a l p ro p a g a tio n  o f c i t r u s  fo r  r o o ts to c k  pu rp oses i s  

n ot econ om ica l s in c e  t h i s  method r e q u ir e s  more labor* la r g e r  

green h ou se  f a c i l i t i e s *  and more e x a c t in g  c o n d it io n s  than  

would be needed f o r  s e x u a l p ro p a g a tio n s

T h is r e se a r c h  has been d ir e c t e d  toward means o f in c r e a s ­

ing; th e  g erm in a tio n  o f  sour orange and O leop atra  mandarin 

seed* tw o d e s ir a b le  d i s e a s e - r e s i s t a n t  r o o t s t o c k s , The main 

o b je c t iv e  o f  t h i s  stu d y  was to  in c r e a s e  g erm in a tio n  of c i t r u s  

se e d  used  f o r  r o o t s t o c k s 0

Two groups o f  growth r e g u la to r s  were s e l e c t e d 0 The 

f i r s t  group has been r ep o rted  i n  th e  l i t e r a t u r e  as a f f e c t in g  

growth p r o c e s s e s  o th e r  than se e d  germ ination*  and th e  secon d  

group has been r ep o r ted  a s  a f f e c t in g  seed  germ ination^  The 

two groups w erei

Group %: Alpha n a p h th a len e  a c e t i c  a c id  .
. . 2*4*5 tr ie h lo r o p h e n o x y a c e t ie  a c id

In d o le b u ty r ic  a c id  
M aleic  h y d ra z id e



G^oup I I 5 T h iau roa
2$ ^ B ic h lo r o p k e H o x y a e e t ie  a e l t
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Many oh em lca l compounds have heen s y n th e s iz e d  during th e  

p a s t  tw en ty  y e a r s s and more s p e c i f i c a l l y  d u rin g  th e  p e r io d  

s in c e  1941$ w hich have an  e f f e c t  on p la n t grow th 0 Most o f  

th e s e  m a te r ia ls  are  hormones o r  horm one«like su b sta n c es  w h ich  

have an e f f e c t  on th e  d evelop m en ta f lo w e r in g , and f r u i t  s e t  

o f  p la n t  So The r e a c t io n  o f  grow th r e g u la to r s  on g erm in a tio n  

o f  s e e d  and on p la n t  grow th may be d i f f e r e n t  a t  v a r io u s  l e v e l s  

o f  c o n c e n tr a tio n o  An example o f  t h i s  i s  2,4=B  which i s  u se d  

w id e ly  a s  a weed k i l l e r  i n  com m ercial c r o p s , b e in g  e s p e c i a l l y  

. recommended f o r  b r o a d - le a f  p la n t s  and in  c i t r u s  orchards to  

red uce f r u i t  drop o r  f o r  o th e r  b e n e f i c i a l  r e s u l t s *

Mahmeud (12) i n  h i s  r e c e n t  r e se a r c h  found th a t  2,4=®  

cou ld  be u sed  to  red u ce  r e s p ir a t io n  in  s to r e d  c i t r u s  f r u i t *  

F r a n k lin  (5 ) found th a t  ammonium s a l t  o f  2 ,4 ‘=B a t  20 p<,p*m*

; would f a c i l i t a t e  b o l t in g  and th e  p ro d u ctio n  o f  se e d  in  head . 

l e t t u c e *

Zimmerman and H itch co ck  (1 5 ) o f  th e  Boyce Thompson Jn= 

s t i t u t e  p u b lish e d  t h e ir  work i n  1942 d e s c r ib in g  th e  u se  o f  

2,4%D as a p la n t« g ro w th  r e g u la t o r ; and in  1944 N orth and 

M itc h e ll  (13 ) o f  th e  TJoS= Departm ent o f  A g r ic u ltu r e  rep o r ted  

on th e  d e s t r u c t io n  o f  many weeds w ith  2 ,4 -1 4

l im i t e d  r e se a r c h  work has been done w i t h  2 ,4 -®  as an a id  

t o  seed  germ in ation o  Haas and B rusca (10 ) i n  R iv e r s id e ,
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0 a l i f o r a . ia s f o i l #  th a t  th e  2 , 4 trea tm en t o f  c i t r u s  seed  

would d ou b le  th e  germ in ation o

Hseuh and Lou (8 ) found th a t  2 ,4 - 5  a c c e le r a t e d  th e  g e r ­

m in a tio n  of b a r le y  and r i c e  seed  a t  low  c o n c e n tr a t io n s , but 

would d e la y  g e rm in a tio n  when a c e r ta in  th r e s h o ld  o f  concen­

t r a t io n  was e x c e e d e d 0 Hamner, M oulton and Tukey (9 ) found  

i n  1946 th a t  s o lu t io n s  o f  2 ,4 ^ 5  had g r e a te r  in h ib i t in g  e f ­

f e c t s  th an  th e  d u st  form  on cabbage, c lo v e r ,  and wheat seed*  

W ith Go01 gnu p er  p o t  o f  s o i l ,  cabbage, and c lo v e r  seed  f a i l e d  

to  g e r m in a te , b u t 8.5 per cen t o f  the w heat germ inatedo

A lla r d , DeBose and Swanson ( ! )  found in  1946 th a t  2 ,4 = 5  

re ta rd ed  th e  r a t e  o f  g erm in a tio n  o f  many p la n t s  used  in  

t h e i r  t e s t s o  The d e la y  in  i n i t i a t i o n  o f  grow th in crea sed  pro­

p o r t io n a l ly  w ith  th e  in c r e a s e  o f  2,4=?D0

In  1949 m a le ic  h y d ra z id e  was r e le a s e d  f o r  ex p e r im en ta l  

work b y  th e  U n ite d  S t a t e s  Bubber Oompanyo S in c e  th en  many 

w orkers have r e p o r te d  t h e ir  r e s u l t s  r e l a t iv e  to  th e  e f f e c t  

o f m a le ic  h y d ra z id e  on p la n t  grow th „ Some o f  th e  su g g es ted  

u s e s  b ased  on th e s e  in v e s t ig a t io n s  were to  im prove s to r a g e  

q u a l i t i e s  o f  c r o p s , a s h e r b ic id e ,  and as a tem porary growth  

in h ib i t o r  (6)= K h ott (11 ) in  C a lifo r n ia  d em on stra ted  th a t  

th e  growth of p yraean th a  hedges cou ld  be c o n t r o l le d  w ith  

m a le ic  h yd razid eo

numerous grow th r e g u la to r s  have .been u sed  com m ercia lly  

or e x p e r im e n ta lly  in  many p h a ses o f  p la n t p r o p a g a tio n , o r ­

chard management, and v e g e ta b le  p r o d u c tio n = B a tje r  and



Moon ( 2 ) u sed  n a p h th a len e  a c e t i e  a c id  sp ra y  to  red u c e  th e  

dropping o f  ap p les '$ S a t  3 @rs Thompson and G-erhardt (3 )  demon­

s t r a t e d  th a t  t h i s  growth r e g u la to r  and .2 , 4 ”® cou ld  c o n tr o l  

p r e -h a r v e s t  drop o f  B a r t le t t  p e a r s ; Gorman and B arton  ( 7 ) 9 

u s in g  th io u r e a  in  s o lu t io n s  o f  0=5 and 1 0G per c e n t 9 in ­

cre a sed  th e  g e rm in a tio n  o f l e t t u c e  seedo

Many grow th  r e g u la t o r s  have been u sed  in  r o o t in g  c u t­

t in g s  0 S w a r tle y  and Chadwick (1 4 ) u sed  in d o le a c e t ic  and 

im d o le b u ty r ie  a c id  and found  th a t  th e s e  s u b s ta n c e s 9 when 

m ized w ith  t a l c , would a id 'r o o t  p r o d u ctio n  o f  ev erg reen  and  

so ftw ood  d ec id u ou s c u t t i n g s » C ooper, W illia m  and K enneth (4 )  

u sed  one mgV n ap h th a len e  a c e t i c  a c id  per gEu o f  t a l e  f o r  a  

r o o t in g  aidb



MATERIALS MTD METHODS

The g e r m in a tio n  t e s t s  w ere eondueted in  th e  H o rticu l"  

tu r e  D epartm ent9s  g r ee n h o u se 9 U n iv e r s i ty  o f  A r izo n a . T h is  

green h ou se  p rov id ed  e x c e l l e n t  f a c i l i t i e s  f o r  m a in ta in in g  con­

s ta n t  tem p era tu re  by th e  u se  o f  h o t w ater h e a t .  The h e a t in g  

p ip e s  lo c a t e d  under th e  b en ch es m a in ta in ed  a co n sta n t tem per"  

a tu re  o f  7©° f 0 d u rin g  th e  w in te r  m onths. Lead h e a t in g  

c a b le s  w ere p la c e d  under th e  r o o t in g  media to  m a in ta in  s o i l  

tem p erature a t  80 F 0

Sour om n ge  f r u i t  was s e l e c t e d  from  h ea lth y ^  good b e a r ­

in g  t r e e s  from  th e c i t r u s  p lo t  o f  th e  H o r t ic u ltu r e  D epartm ent. 

The f r u i t  was la r g e  in  s i z e  and h ig h  in  q u a l i t y .  I t  was 

washed in  ta p  w a te r 9 out in t o  h a lv e s ,  and t w is t e d  by hand to  

avo id  se e d  in j u r y .  The se e d  was washed in  ta p  w a ter  s e v e r a l  

tim es  and was s e le c t e d  f o r  s i z e ,  u n ifo r m ity , and freedom  from  

in ju r y  and d i s e a s e .

The C leo p a tra  m andarin s e e d  was o b ta in e d  from  th e  Grand 

I s la n d .N u r s e r ie s  a t  H u s t is ,  F lo r id a .  The se e d  was d r ie d  a f t e r  

e x tr a c t io n  and w as in  good condition ,*

The s o lu t io n s  o f  2 ,A °D | 2 , 4 95T; a a l e i c  h y d ra z id e , t h i ­

o u r e a , a lp h a  n ap h th a len e  a c e t i c  a c id , and in d o le b u ty r ie  a c id  

were prepared  i n  th e  la b o r a to r y  o f th e  H o r t ic u ltu r e  D epartm en t.



fh e  o’bg'eet o f  t h i s  exp erim en t was to  d e term in e  th e  e f f e e t  

o f 2 »4 ~D? 2 , 4 ,5 3 ;  and m a le ie  h y d ra z id e  in  v a r io u s  eon cen tra=  

t i e n s  on g e rm in a tio n  o f  se e d  o f  f r e s h ly  h a r v e s te d  sour  

orange So

On June 12 , 1953» th r e e  hundred (3G0) sour orange f r u i t  

o f  u n iform  s i z e  and © olor w ere e o l l e e t e d  from  t r e e s  lo c a te d  

on th e  U n iv e r s ity  o f A rizon a  eampuso The se e d  was e x tr a c te d  

from  th e  f r u i t  and washed th o r o u g h ly  in  w a ter  to  remove p u lp  

and ju ie e o  T w en ty-fou r hundred se e d s  were s e l e c t e d  fo r  u n i­

form  s iz e *  A f te r  w ash in g , th e  seed  was p la c ed  in  w ater  and 

s to r e d  under r e f r ig e r a t io n  a t  5@® 3P» fo r  8 h o u r s«

S o lu t io n s  w ere made from  2,4~D  ( s o d iu m .s a lt  70 per c e n t)  

as f o l lo w s  o The 2,4=D was d is s o lv e d  in  10 e e 0 earbo wax 1 5 0 0 , 

th en  in  d i s t i l l e d  w a ter , and th e  fo l lo w in g  e o n e e n tr a t io n s  were 

p repared : 1 p 0pom0 , 10 pop0m0, $0 pop<,m., 100 p o p ^ a ., 250

Popom0, 500 p 6p»fflo, and 100# poPom0

The 2 , 4 ,5=3 s o lu t io n s  w ere prepared  i n  th e  same manner 

a s - t h e ' 2 , 4 -=Bo

The m a le ic  h y d ra z id e  c o n c e n tr a t io n s  were prepared from  

a l iq u i d  form , 3# per c e n t .m a le ic  h y d r a z id e , and from, t h a t  

s o lu t io n  th e  f o l lo w in g  c o n c e n tr a t io n s  w ere p repared : 3© p„p„me$

90 PoPoMc , 300 pop=m0, 600 popoBo., 1500 p .p .m . , 3006 p .p .m . , 

and 6000 p .p .m . i n  d i s t i l l e d  w a te r .

On June 1 4 , each  group o f  100 se e d s  was soaked f o r  30 

m in u tes in  th e  v a r io u s  s o lu t io n s ;  100 se e d s  were u sed  a s a  

c o n tr o l  grou p . The se ed  was th e n  p la n te d  in  rows in  th e



o

P la te  1 .  View o f  Sour Orange S e e d lin g s  in  
G reenhouse P ro p a g a tin g  Bench

D ate o f p la n t in g :  1 2 /1 3 /5 3
D ate p ic tu r e  ta k e n : 4 /2 8 /5 4
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greeaMous© and r e c e iv e d  adeq u ate  w a te r . F igm re 1 skows th e  

e x p lo r a to r y  arrangem ent o f  th e  p la n t in g  in  th e  greenhorns© c '

. fh e  o h je e t  o f  t h i s  exp erim en t was to  d e term in e  the r a t e  

o f  g erm in a tio n  a f t e r  15 d a y ss and th e  e f f e c t  o f  th e  v a r io u s  

grow th r e g u la to r s  on g e r m in a tio n » Sour orange seed  used in  

t h i s  exp erim en t was e x tr a c te d  from  th e  f r u i t  in  th e  same man= 

ner a s f o r  Sxp erim en t H©0 !<,

S o lu t io n s  w ere prepared  o f  th io u r e a  4  p e r  oen t; th io u r e a  

S p er  c e n t  ; in d o le h m ty r ie  a e id  1 poPoMo; a lp h a  n ap h th a len e  

a o e t i e  a e id  1  popoSo# 10 p ,p .m . , 50 poP*m ., 10© p 0pomos and 

25© PopoBo

On J u ly  7s 1 9 5 3 9 each  group  o f. 5© se e d s  was tr e a te d  hy

so a k in g  in  th e  s o lu t io n s  a s  f o l lo w s  t

Group 1 i n  th io u r e a  4 p er  oent fo r  one hour

Group 2 i n  th io u r e a  4 p e r ,o e n t  fo r  8 hours a t  5©°

Group 3 in  th io u r e a  S per cen t fo r  one hour

Group 4 in  th io u r e a  S per oen t f o r  8 hou rs a t  5©° F 0

Group 5 in  in d o le h m ty r ie  a e id ,  1 p op osu , f o r  one hour  
and f o r  8 hours

Group 6 i n  a lp h a  n a p h th a len e  a©©tie a e id  1 p cp 0iio , 10  
PoP=,mo, 5© popofflo, 10© PopoBo, 250 poPoBo f o r  
©me hour

Group 7 i n  2 ,4= 5  15 PoPoBo

Group 8 WtS t h e  e o n tr o l  o r  u n tr e a te d  seedo

A l l  seed  was p la n te d  J u ly  7 i n  e la y  p o ts  in  samd0



n©<

1
a  '
3 
k

I
7 1000
S 0on tr© l

2 s 4 » 5 f

1 1 ppm
2 10
3 50
k

I
7 lOOO
8 C on tro l

M aleio  H ydrazide

1 30 ppm
2 90
3
4
5 1500 
6
7
8 O oB trol

F ig u r e  lo  Arrangem ent o f  F resh  Sour Orange 
Seed and T reatm ents in  Greenhouse
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la o li  group o f  100 se ed s  o f  sou r  orange was t r e a te d  w ith  

m a le ie  h y d ra z id e  6000 p ,# * # ,, '  .m l e i e  jaydrazide 1 2 ,0 0 0  

th io u r e a  8 per c e n t-  and 100 u n tr e a te d  se e d s  a c te d  as a e o n -  

t r o lo  The s e e d  was soaked f o r  8 h o u rs , th e n  p la n te d  in  a  

random ized b lo c k  on A ugust 25 in  a sand medium and was i r r i ­

g a ted  fr e q u e n tly o  (S ee  P ig*  2„)

Bow 1  

Bow 2 

Bow 3 

.Bow k

F ig u r e  2o L a tin  Square Arrangement o f  Sour Orange 
S eed  P lo t s  i n  th e  G reenhouse

E xperim ent • Nop ^

S ix te e n  hundred se e d s  w ere c o l l e c t e d  from  120 sour orange  

f r u i t s  on December .4 , 1953* A fte r  e x tr a c t io n  and w a sh in g , th e  

seed  was d r ie d - in  th e  sun fo r  6 hours and k ep t fo r  9 d ays In  

th e  la b o r a to r y  a t  75? P° On December 13 each  group o f 4G0 

se e d s  was t r e a te d  as fo llo w s?

M a le ie  
h y d ra z id e
1 2 ,0 0 0  ppm

M a le ie  
h y d ra z id e  
6000 ppm

T h iou rea
Bfo

C o n tro l

M ale ie  
h y d ra z id e  
6000 ppm

M ale ie  
h y d ra z id e
1 2 ,0 0 0  ppm

C o n tro l

M ale ie  
h y d ra z id e  ~
1 2 ,0 0 0  ppm

T h iou rea
0

C o n tro l

M a le ie  
h y d ra z id e  
6000 ppm

T h iou rea
8fp

M aleie  
h y d ra z id e
1 2 ,0 0 0  ppm0

M ale ie
h y d ra z id e
6000 ppm



@•3?©tip A «*» n o t  t r e a te d

Q-rotip B -  soaked  In m a le ie  h yd razid e  6000 p 6p„a«

Sromp C ® soaked in  tk io u r e a  4 p er  een t

Group B s o a k e d  in  .2,,44D 100 p»p«,au 

The se ed  was soaked in  th e  v a r io u s  s o lu t io n s  f o r  50 m in u te s ,  

th en  p la n te d  in  random ized h lo e k s  in  a sand medium w ith  tem ­

p e r a tu r e  s e t  a t  S0Q T a (S ee  ^ i g 0 3 » )

In  t h i s  exp erim en t 800 sou r  orange se e d s  were t r e a te d  in  

th e  same manner a s  th o s e  in  Experim ent Ho0 4 S and p la n te d  on
I • “

December 1 3 o The p lo t  w s  random ized , and tem p eratu re  main­

ta in e d  a t  80° Z 0 (S ee  Z igo 4 » }

E xperim ent l f o 0 6

T his exp erim en t was condu cted  w ith  O leo p a tra  m n d arin o  

The d r ie d  se ed  was d iv id e d  in to  tw o groups 0 O row bh-regulat®  

in g  s o lu t io n s  were made o f  2 ,4=B  100 pop^m*, a a l e i e  h y d ra z id e  

6000 p 0p<>m6, and th io u r e a  4 p er  cen to  The tw o groups were 

t r e a t e d  as f o l lo w s :

Group 1 -  soaked in  ta p  w a te r  f o r  48 h o u r s , th en  p la c e d  
in  th e  2 , 4~D; m a le ie  h y d rz a id e , and th io u r e a  
s o lu t io n s  f o r  one hour

Group Z -  p la c e d  d i r e c t l y  in t o  the same gro w th -
r e g u la t in g  s o lu t io n s  a s  Group 1 f o r  one h ou r„

The se ed  was p la n te d  im m ed ia te ly  a f t e r  b e in g  removed 

from  th e s o lu t io n s ,,  D ried  and w et seed s w ere p la n ted  b e s id e  

.each o th e r  in  a random ized b lo c k  in  th e  g r ee n h o u se , w ith  te m ­

p e r a tu re  s e t  a t  80° (S ee  F i g 0 5») The d a te  o f  p la n t in g  

was December 1 3 , 1953o
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Row
nG<,

12
3
4

12
3
4

12
3
4

12
3
4

Treatm ent

C o n tro l 
M ale ie  h y d ra z id e  
T h iourea 1 $
2 s 4=2) 100 ppm

T h iou rea  4$
2 .4 - 0  100 ppm

G on tro l 
M aleio  h y d ra z id e

I f e le ie  h y d ra z id e  
C o n tro l 

T h iou rea  4%
2.4-0 100

ppm

ppm

2 ,4 - 0  100 ppm

M a le ie  h y d ra z id e  
C o n tro l

ppm

F ig u r e  3« Arrangem ent o f  D ried  Sour ©range Seed in
Bows id t h  16 R e p lic a t io n s

.Bow 1

Bow 2

low  3

Row 4

2 ,4 - 0  C on tro l 
100 ppm

M ale ie  T h iourea  
h y d ra z id e  k$>

C o n tro l

T h iou rea
I S

2 ,4 -B  
100 ppm

M ale ie  
h y d ra z id e  

.6 0 0 0 ,ppm

M aleie  
h y d ra z id e  
6000 ppm

2 ,4=0

M aleie  
hyd razide  
6000 ppm

C on tro l

T hiourea  
. 4f»

C on tro l

T hiourea

2 ,4-0  
100 ppm

F ig u r e  4° L a tin  Square Arrangement o f  F re sh  Sour  
©range Seed  P lo t s  in  G reenhouse



I k

low
noo Seed  trea tm en t

1 D r ied  fM o u r e a  kf°
2 Wet . f l i o n r e a  kfo

3 D r ied  2 94«D ID© ppm
4 Wet 2 ,4 - 8 .1 0 0  ppm

5 D ried  2 & le ie  k y d ra z id e
6000 ppm

6 Wet M a le ie  h yd raz id e
600© ppm

7 D ried  O ontro l
8 . , . W e t ......................... O ontrol

F ig u r e  5o Arrangement and Treatm ent o f  O leop atra  
M andarin Seed  i n , tk e  G-reenkomse



1

P la te  2 . View o f  C leo p a tra  Mandarin S e e d lin g s  
in  Greenhouse P rop agatin g  Bench

D ate o f p la n t in g :  1 2 /1 3 /5 3
D ate p ic tu r e  ta k e n : 4 /2 8 /5 4

vn



PEESINTATJGN OF RESULTS

SxperijaiexLt 3fo0 JL

Experim ent Eo* .1 was e x p lo r a to r y  and was n e t  d e s ig n e d  

fo r  s t a t i s t i c a l  a n a l y s i s »

te r m in a tio n  o f  th e  t r e a t e d  and check  p lo t  was f i r s t  e v i ­

d e n t J u ly  2p 1953 a s  f o l lo w s :

C o n tro l . 4  s e e d l in g s

2 ,4 ,5 T  10 ppm 1 «

E a le io  h y d ra z id e  30 ppm 1 ”

• Mone

The se e d  in  th e  c o n tr o l  p lo t s  in c r e a se d  in  g e rm in a tio n  

e v e r y  d ay  m n til  J u ly  2 3 5 1953$ & germ in a tio n  o f  68 per cen t  

was reaehedo

The seed  t r e a te d  w ith  2 fl4 <,5T germ in ated  a s  f o l lo w s :

1 popoHio = th e  se e d  s t a r t e d  to  g erm in a te  4 days a f t e r  
th e  c o n tr o l  (on J u ly  6$, 1953) and sto p p ed  on 
J u ly  23 w ith  35 p er  cen t g erm in a tio n

10 popoiu  » 41 per cen t o f  th e  seed  germ in ated  "by 
J u ly  23

5© popomu « 4  p e r  cen t o f  th e  se e d  germ in ated

100 p 0p 6m0 = one p er  cen t o f  the se ed  germ in ated

W ith s o lu t io n s  c o n ta in in g  2 84s>5T in  c o n c e n tr a t io n s  o f  
250s, 500 and 1000 popoBo th e r e  was no germ ination^

These r e s u l t s  in d ic a te d  th a t  284$5T i s  n o t  b e n ^ i c i a l  

i n  th e  g e rm in a tio n  o f  c i t r u s  seed *  The g e r m in a tio n  p ercen ­

ta g e  g e n e r a l ly  was lo w , and th e  s e e d l in g s  from  2 s4 s 5T -tr e a te d
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se e d  w ere sm a ll dnd weak„ (S ee  F ig .  6 . )  •

M a le ie  h .ydrazide als©  in h ib i t e d  th e  g e rm in a tio n  of s e e d 9 

but i t  w as n o t t o x i e  when u sed  in  c o n c e n tr a t io n s  helow  60©© 

p 0poiEo The r e s u l t s  o f  t h i s  experim en t were as f o l l o w s : '

te r m in a tio n  o f  sour ©range se ed  tr e a te d  w ith  m a le ic  

h y d fa z id e  in  s o lu t io n s  o f  30 and 6000 p .p .m . exceed ed  th a t  o f  

th e  c o n tr o l  p l o t s .  U sin g  600© p .p .m . s 73 per cen t g erm in a tio n  

was o b ta in e d . Growth o f  th e  s e e d l in g s  was s a t i s f a c t o r y .

S o lu t io n s  c o n ta in in g  m a le ie  h y d ra z id e  in  c o n c e n tr a t io n s  

of 90% 3 0 0 , 1500 and 3000 p .p .m . d e la y ed  g erm in a tio n  fo r  11  

days ( s e e  T ab le  I ) .  The in h ib i t e d  seed  germ in ated  r a p id ly  

a f t e r  10 d a y s , and g e r m in a tio n  was com pleted  oh J u ly  23,

1953 o

A l l  se e d  tr e a te d  w ith  m a le ie  h y d ra z id e  germ ated a t  th e  

r a te  o f  46 to  73 per cento (S ee  F ig .  7 » )

The e f f e c t  o f  2,4®® on g e r m in a tio n  o f  c i t r u s  seed v a r ie s  

w ith  th e  c o n c e n tr a t io n  o f th e  s o lu t io n s  u sed  in  soak in g  th e  

seedo- A s o lu t io n  o f  2,4<=© 1 p .p .m . in h ib it e d  g erm in a tio n  f o r  

10 d a y s , . when g e r m in a tio n  s t a r t e d  s lo w ly .  I t  was, com pleted  

on J u ly  2 3 , 1 9 5 3 o

The p lo t  t r e a t e d  w ith  th e  10 p .p .m . s o lu t io n  began t o  

germ in ate  on J u ly  3 ,  and g e rm in a tio n  p roceed ed  v ery  s lo w ly  

du rin g th e  n e x t 10 d a y s .

G erm ination  in  th e  p l o t s  u s in g  50 p .p .m . s o lu t io n  began  

J u ly  9 and r e s u l t e d  in  27 per cen t g e r m in a tio n .



Per
cen t

80#

10#

C on tro l

1 10 50 100 250 500 1000
P.P.M . 2 ,4 -5 T

F ig .  6 . The E f f e c t  o f  2 ,4 ,5 T  on th e  G erm ination
o f  Sour Orange Seed



P ereen t G-ermlnatiQn o f  Sour

B a te . i  1 0 . 5© 1 0 © 25© 50© 100# 1 10 5© 10© 25© .500 l©e©

I 0P 0IEId . jpop

7 /  2 /5 3 1

7 /  3 1 3 1

7 /  4 1 6 z 1

7 /  5 3 8 k 1

7 /  6 3 14 7 1 4

7 /  7
1

19 8 2 5

7 / 8 $ 21 11 4 5

7 /  9 5 1 26 13 6 7

7 /1 0 6 3 36 14 8 9

7 /1 1 7 3 42 17 9 12 1 1

7 /1 2 1 10 6 49 17 14 23 1 1

7 /1 3 6 16 9 54 19 19 26 2 1

7 /1 4  . 7 17 11 58 20 20 26 2 1

7 /1 5 20 21 15 62 21 35 39 3 1

7 /1 6 21 24 19 65 21 35 40 ? 1

7 /1 7 21 25 23 70 26 1 35 41 4 1

7 /1 8 24 28 26 7© 27 1 35 41 4 1

7 /1 9 26 29 27 72 27 1 35 4 1 4 1

7 /2 0 2? 30 27 76 29  1 35 41 4 1

7 /2 1 27 32 27 76 30 1 35 41 4 1

7 /2 2 27 32 27 76 31 1 35 41 4 1

7 /2 3 27 33 27 76 31 1 35 41 . 4 ; .I
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Se©4-- (100 Seed Used in. Each Row)

PoPollo

1

1

1

1

2

3 .

7

7

13

13 4

16 2 3 3 S

25 9 7 6 9

33 15 14 9 2©

4© 23 16 15 26

47 28 24 20 3#

51 38 25 23 35

60 44  52 33 39

65 47 53 41 39

72 52 6© 48 46

72 54 61 49 48

73 5 7 62 55 48

72 66 67 60 53

© on tro l

4

5

• 3 6

• : 3 2©

3 21

" 3 28

3 29

5 3©

10 3©

4 17 33

5 22 35

8 30 36

13 40 41

14 48 47

21 51 51

24 56 52

32 59 61

35 62 62

41 69 66

52 69 66

43 69 68

46 73 68



80$

70$

40$

20$

10$

3 0  90 300 600  1500 3000 6000

C o n cen tra t io n  o f  M ale ic  Hydrazide ( P . P . M. )

F ig .  7 . The E f f e c t  o f M aleic  H ydrazide on th e
G erm ination o f  Sour Orange Seed



The se e d  soaked im 100 popofflb began g e rm in a tin g  on 

J u ly  3 w ith  3 s e e d l in g s ;  g e rm in a tio n  in c r e a se d  e v e r y  day, e x ­

c eed in g  th e  c o n tr o l  p lo t s  w ith  an a d d it io n a l  8 s e e d l in g s <,

Optimum germ ination was obtained w ith  the concentration  

of 100 poPoBio 2 ,4 “j0o (Bee Table 1 and ? ig .  &«■.)

G erm ination  o f  31 per cen t r e s u l t e d  from  th e  s o lu t io n  o f  

250 popbflio

The 500 p»p6a<> so lu tio n  e f fe c te d  the germ ination of one 

seed lin g  on July 17, and the 1000 popoffio so lu tio n  gave no 

germ ination0 (See 2’igo % )

As shown g ra p h ica lly  in  F igure 8 , the optimum germina­

t io n  r e s u lt s  obtained in  Experiment 1 wares

lo  2 ,4 = #  100 ppm 76%

2 0 M ale ic  h y d ra z id e  600© ppm 73

3» 2 ,4 ,$ T  10 ppm 41

4o O om tfol 68

E xperim ent Ho0 2 

On J u ly  22 , 1953 , the so u r  ©range seed  was tak en  from  th e  

c la y  p o ts  and washed w ith  ta p  w a te r „ The se e d  th a t  had g e r ­

m inated  in  each  group was c o u n te d , and i t  was d ec id ed  th e  

seed  needed more than  15 days t o  g e r m in a te <, R e s u lts  from t h i s  

experim ent w ere §

T h iou rea  4 per cen t gave 3© per cen t g e rm in a tio n  when , 

th e  seed  had been so a k ed  f o r  one h ou r&

A tem peratur©  o f 50® F 0 red uced  th e  r a t e  o f  g e rm in a tio n  

a s  compared w ith  room tem p era tu re , about 76® E*



Per
cen t

80 %

10% 

60%

5 0 %

b o %  I

30%

20% 

\0%

2 ,4 -D  2 .4 -5 T  M. H. C on tro l
100 ppm. 10 ppm. 6000 ppm

F ig .  8 .  Optimum G erm ination of Sour Orange Seed
U sin g  V arious Growth R eg u la to rs



Per
c e n t

80#

C on tro l

1 10 50 100 250 500 1000
P.P.M . 2 ,4 -D

F ig .  9 .  The E f f e c t  o f  2 ,4 -D  on th e  G erm ination
o f  Sour Orange Seed



In & oleb u tyM e aeiS. I  pop<,m» gave 18 p er  cen t g e rm in a tio n  

when th e  se e d  had been soak ed  m e  hou r9 and 6 per c en t when 

th e  seed  was soaked f o r  8 h o u r s0

W ith 2 94~D 15 popofiio th e r e  was g erm in a tio n  o f  2 per

e en t &

In  th e  c o n tr o l  s e e d  3 per cen t g e rm in a tio n  o ccu rred 9 and 

in  th a t  soak ed  i n  a lp h a  n a p h th a len e  a c e t i c  a c id  no germina=  

t io n  to o k  p la e e o  (S ee  f a b le  I I 0}

f a b le  IIo  P er ce n t te r m in a tio n  o f  f r e s h  Sour
©range Seed

% o f  se e d s  germ in ated  
Treatm ent on J u ly  22

fh iom rea  4^ f o r  1 hour 3©

T h iou rea  4$ f o r  8 h rso  a t  5©0 fo  24

T h iou rea  f o r  1 hour 20

T hiourea 8$ f o r  8 h r s 0 a t  5©° 14

I n d o le b u ty r ic  a c id  1 ppm f o r  1 hour 18

I n d o le b u ty r ie  a c id  1 ppm f o r  8 hrs® 6

Alpha n a p h th a len e  a c e t i c  a c id  1 ppm9 •
10 ppm, 5© ppm f o r  1 hour 0 ,

2 94-B  15 ppm f o r  1 hour 2

C o n t r o l . . 3 ............
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E xperim ent N o0 j  

The f r e s h  s e a r  orange seed  p l o t s  in  th e  greenh ouse  

s t a r t e d  t o  germ in ate  on Septem ber 1 3 , 1953* The r a te  o f g e r ­

m in a tio n  in c r e a s e d , th e n  sto p p ed  on O ctober IS  (T able I I I )„ 

The s t a t i s t i c a l  a n a ly s is  showed no s i g n i f i c a n t  d i f f e r e n c e ,  

as i s  e v id e n t  from  T able IY 0

Experim ent i b 0 ^

The t o t a l  g e rm in a tio n  o f  th e  d r ie d  so u r  orange seed  was
. ■ . ■ ' i

v e r y  poor* I t  reached  50 per c e n t ,  in c lu d in g  th e  c o n tr o l  

( f ig *  1© and Table Y )* The s t a t i s t i c a l  r e s u l t s  gave s i g n i f i ­

cance- i a  th e  F 0 .0 1 ,  a s  shown in  T able Y I0 There was no s i g ­

n i f i c a n t  d i f f e r e n c e  a t  F Go0 5 »

E xperim ent Mo0 

The g e rm in a tio n  o f  th e  f r e s h  sou r  orange seed  ranged  

from  69 to  SO per cen t (T able Y I I ) 6 From th e  s t a t i s t i c a l  

s ta n d p o in t , th e  r e s u l t s  showed no s i g n i f i c a n t  d i f f e r e n c e  

(T able V I I I ) *

Experim ent go$ 6 

The seed  o f  the C leo p a tra  m andarin was s lo w  in  germ i­

n a t in g , but th e  g e rm in a tio n  o f both  d r ie d  and w et seed  was 

h ig h ly  s ig n i f i c a n t o  The g e rm in a tio n  of seed  soaked w ith  th e  

growth r e g u la t o r s  showed a g r e a te r  in c r e a se  th an  t h a t  in  th e  

c o n tr o l  p lo tso  In  th e  c o n tr o l  th e r e  was no d i f f e r e n c e  be­

tween th e  d r ie d  and w et seed  (T ab le  IX and F ig .  1 1 K
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T reatm ents a re  s i g n i f i c a n t  a t  th e  5 #er. c e n t  l e v e l ;  and 

n o t  s i g n i f i c a n t  a t  th e  1 p er  cen t l e v e l 0 The r e s u l t s  i n  

T able X show th a t  th e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  in  th e  

d ata  from  Experim ent 6*

Treatment 
means* ,

A
A1

Thiourea^ k $  ) 
« ) 12o43

B
B1

2 ;4 c=B 100 ppm ) 
* ) 7o5

Q

61
M aleie hydrazide 6000 ppm)

) 7o93

B Oontrol ) ■---

B1 ■ " ) . 5ofi

L-oSoDo a t  5% l e v e l  5 = 6

*Mumber o f  seed  germ inated  from  t o t a l  o f  
25 p la n te d  in  each  p lo t
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T able I IX 0 P er ce n t G erm ination o f  Presb.
- , . ■ Sotar Grange Seed

i  •

D ate O on tro l
M a le ie  k y d ra z id e  

1 2 ,0 0 0  ppm 600© ppm
8#

T hiourea

9 /1 3 /5 3 # , # 0 fo 1 ,0 # 1 ,0 #

9 /2 0 /5 3 6 6 ,0 1 8 ,0 4 5 -5 32 ,5

9 /2 7 /5 3 7 8 ,0 3 5 -5 6 7 ,5 55-5

1 0 /4 /5 3 8 1 ,5 47*5 7 2 ,5 6 7 ,0

1 0 /1 1 /5 3 8 2 ,5 5 2 ,0 75*0 75 -5

1 0 /1 8 /5 3 8 2 ,5 ,6 4 ,0 8 2 ,5 8 0 ,0

T ab le IT 0 S t a t i s t i c a l  A n a ly s is  o f  D ata  
from  E x p er ia e n t l o » 3

S ou rce  o f  
v a r ia t io n

D egree o f  
freed om

Sum o f  
sq uare

Mean
square I

Treatm ent 

K e p lic a t io n s  

f  x  E e r r o r  

T o ta l

3

3

15

1 1 2 ,2 5

8 1 ,2 5

4 7 4 ,2 5

3? 0 ,0 1  d f  3 ,9  ( 6 ,9 9 )  a o t  s i g n i f i c a n t  
1  0 ,0 5  d f  3 ,9  ( 3 o86) n o t s i g n i f i c a n t

37 o42

27o©g

5 2 ,6 9

0 ,7 1

0 ,5 1



Per
cent

60#

5o#

40#

30#

10#

B

F ig . 11 . Optimum Germination of Dry Sour Orange 
Seed Using Various Growth R egulators

A. Control

B. M aleic hydrazide, 6000 ppm

C. Thiourea 4#

D. 2 ,4-D , 100 ppm
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Table Y0 P ercen t G erm ination o f  Dry
Sour Orange Seed

B ate O ontro l

H a le ie  , ' 
b y d ra z id e  

6000  ppm
T hiou rea  
. 4#

2 j 4 =’D
100 ppm

1 /2 7 /5 4 25*5# 28,0# 2 4 .5 # 3 0 .0 #

2 /  6 /5 3 26 * 5 37 o 5 3 6 .0 . 39 = 0

2 /1 4 /5 3 30 * 5 4 6 .5 4 8 .5 . 47=0 .

T able T I , S t a t i s t i c a l  A n a ly s is  o f  D ata  
from  Experim ent Ho. 4

Source o f  
v a r ia t io n

D egree o f  
freedom

Sum o f  
sq u a r e ' '

Mean
sq u are F .■

Treatm ent 3 53 = 62 17=87 3=07

R e p lic a t io n s 15 6 1 .9 7 4=13

E rror

T o ta l 64 377=23

F 0 .0 1  d f 3 ,4 4  
F 0 .0 5  d f  3 ,4 4

(4 .2 6 )  s i g n i f i c a n t  
( 2 .8 2 )  n o t s i g n i f i c a n t
-

j
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T ab le  YIX* P ercen t G erm ination  o f  F r e s h s T reated
Sour Orange Seed

B ate

3/10/54

3/20/54

3/30/54

G on tro l

5© o

57*0
80o0

H a le ie  
h y d ra z id e  
6000 ppm

40 o ©% .

53o©

69.0

2 s 4=0

51 . 0%

620©

74.0

T hiourea
4%

4©o0%

59.0
73.0

T able ¥ 1 1 1 0 S t a t i s t i c a l  A n a ly s is  o f  B ata  
from  Sxpei1 im ent N o. 5

Source o f  
v a r ia t io n

Treatm ent

R e p lic a t io n s

E rror

T o ta l

D egree o f  
freedom

3

7

21
31

Sum o f  
sq u are

57.22

115.40

2©3.7 9

Mean
sq u are

10.37

Sol?

5.5

E

1 .8 9

E 0 .0 1  d f 3 ,2 1  (8 .4 5 )  n o t s i g n i f i c a n t  
I  0 .0 5  d f  3 ,2 1  ( 4 .3 5 )  n o t s i g n i f i c a n t
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T able IXo P ercen t G erm ination of C leo p a tra
Mandarin Seed

B ate
1 

■
t r o l

T hiourea
• 4#

2
100

V et

4=D
•ppm
Dry

M ale ic  
h yd raz id e . 

6000 ppm
# e t 'D ry H et ' Dry ■ S e t  ' Dry

3 /1 0 /5 4 18©© 20©§ 2 6 ,0 37=0 2 0 ,0 36 = 0 14=0 3 3 ,0

3 /2 0 /5 4 20 ©0 2 1 ,0 30=0 45 = 0 20©0 36=0 15=0 35=0

3 /3 0 /5 4 2 2 ,5 23 = 0 41 = 0 5 8 ,5  . 21 = 5 3 8 ,5 19=5 44=0

T able X* S t a t i s t i c a l  A n a ly s is  o f  th e  lim b er  
o f  G erm inating Seed  p e r  P lo t  from  E xperim ent Ho0 6 

and T able IX S B ate  3 /3 0 /5 4

Mean
d f SB • sfmare ; ■ ■ F

M aterial 3 394=93 131=64 4 = 6
R ep lica tio n s 7 45=11 6 ,4 4
Error 21 609=38 28=59

776=8Vet and dry 1 4505=75 4505=75
Error 31 180=16 5=8

T otal 64 1303=23

E 0o©5 (d f a t  3 and 21) 3o©7 
1  ©6©1 (d f a t  3 and 21) AoS?

T h erefo re  th e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  in  th e  
trea tm en t m eanss a s  shown on page 26© .



Per
cent

60

50

40

30

20

10

0
A1 01 D1

A Wet seed trea ted  with th iourea 4%
A1 Dried " M
B Wet seed trea ted  with 2,4-D  100 ppm
B1 Dried  ̂ rt
0 Wet seed trea ted  w ith m aleic hydrazide
01 Dried " ”
D Wet seed , not trea ted  (con tro l)
D1 Dried "

6000 ppm

F ig . 11 . Comparison of Optimum Germination of 
Dried and Wet Cleopatra Mandarin Seed 
Using Various Growth R egulators
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P la te  3# Sour Orange S e e d l in g s
A. T reated  v /ith  4% T hiourea  
D. Check P la n ts

Date o f  p la n t in g :  1 2 /1 3 /5 3
D ate p ic tu r e  ta k en : 4 /2 8 /5 4
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DISCUSSION m  SSSDLTS

S ix  experim ents were conducted to ev a lu a te  the e f f e c ­

t iv e n e s s  of grow th-regulating so lu tio n s  on the germ ination of 

c itr u s  seedo T hese'substances have heen used e x te n s iv e ly  in  

asexual propagation of ornamental p lan ts * but th e ir  e f f e c t  on 

the germ ination of seed had not been reported when t h is  e x ­

periment was undertaken*

The fo l lo w in g  g r o w th -r e g u la t in g  c h em ica ls  were a p p lie d  

as seed  tre a tm en ts  i n  th e  g e rm in a tio n  e x p e r im en ts; 2 84 =B» 

2 84 s,5T; m a le lc  h y d ra z id e ; th io u r e a ;  a lp h a  n a p h th a len e  a o e t ie  

a c id ;  in d o le b u ty r ic  a c id 0 S ou f orange and C leo p a tra  mandarin  

seed  was used in  th e  t e s t s - ,  a s  th e s e  two v a r i e t i e s  are used  

f o r  r o o t s t o c k s  in  th e  com m ercial n u r se r y  t r a d e .  The germ ina­

t i o n  p ercen ta g e  o f  th e s e  se e d s  i s  r e l a t i v e l y  low  when p la n te d  

under c o n d it io n s  used  by th e  a v era g e  nurserym an» -

The s e l e c t i o n  o f th e  g r o w th -r e g u la t in g  su b sta n c es  f o r  

th e s e  exp erim en ts was based on th e  f a c t  th a t  c e r ta in  ch em ica ls  

had b e n e f i c ia l  e f f e c t s  on th e  r o o t in g  o f c u t t in g s .  I t  was 

th e r e fo r e  n e c e ssa r y  to  e v a lu a te  th e  e f f e c t i v e n e s s  o f th e s e  

ch em ica ls  on an e x p lo r a to r y  b a s i s  to  e l im in a te  th o s e  th a t  had 

any a d v e r se  e f f e c t  on the g e rm in a tio n  of c i t r u s  ssedo

The f i r s t  ph ase o f th e  e x p e r im e n ta tio n  was e x p lo r a to r y  and  

was d e s ig n ed  to  e l im in a te  any ch em ica l th a t  low ered  th e  germ in a­

t i o n  p ercen ta g e  below  t h a t  o f th e  c o n tr o l  p l o t s .  The se ed  was



e x tr a c te d  from  th e  soar orange f r u i t  and p la c ed  d i r e c t ly  in to  

th e  s o lu t io n s  fo r  a 30 -m in u te  p e r io d 8 th e n  p la n te d  im m ed ia te ly  

in  a sand medium = fh e  r e s u l t s  o f  t h i s  f i r s t  experim ent were?

M a le ie  h y d r a z id e 8 6000 pop0m0 s 73 pe-c c e n t  g erm in a tio n ;  
t h i s  trea tm en t r e s u l t e d  in  the h ig h e s t  germ ination ,,

M ale ie  h y d r a z id e 9 3000 PoP<,m0 , 46 per cen t g erm in a tio n ;  
t h i s  tr e a tm e n t r e s u l t e d  in  th e  lo w e st  germ ination ,,

fh e  e f f e c t  o f  2 ,4-B  on th e  g erm in a tio n  of c i t r u s  seed  

v a r ie d  w ith  th e  c o n c e n tr a t io n  u sed  in  the so a k in g  s o lu t io n s o  

fh e  r e s u l t s  o b ta in ed  from  u s in g  t h i s  ch em ica l w ere o u ts ta n d ­

in g  s in c e  th e  c o n c e n tr a t io n s  had a b e n e f i c i a l  or a d v e r se  e f ­

f e c t  on th e  g erm in a tio n  o f the c i t r u s  seedo R e s u lts  o b ta in ed  

from  u s in g  2 ,4 -D  were as f o l lo w s s

2 S4 ‘=B» 100 p 0p 0m<, p 76 p er  cen t g erm in a tio n ; t h i s  t r e a t ­
ment r e s u l t e d  in  th e  h ig h e s t  g e r m in a tio n „

500 poPeBsp one per cen t g e rm in a tio n ; t h i s  t r e a t ­
ment r e s u l t e d  in  th e  lo w e s t  germ in ation o

fh e  e f f e c t  o f  2 s4 s5 f  on th e  g erm in a tio n  o f  c i t r u s  se ed  

gave r e s u l t s  s im i la r  to  2 ,4-D » fh e  h ig h er  c o n c e n tr a t io n s  r e ­

s u l t e d  in  low er  g e r m in a tio n „ R e s u lt s  o b ta in ed  from th e  u se  

of t h i s  ch em ica l weres

2 84s, 5 f  9 10 pop 0mu 9 76 per cen t g erm in a tio n ; t h i s  t r e a t ­
ment r e s u l t e d  in  th e  h ig h e s t  g e r m in a t io n «

100 pdP<,Mo p 1 per cen t g erm in a tio n ; t h i s  t r e a t ­
ment r e s u l t e d  in  th e  lo w e s t  germ in ation o

fh e  second  ph ase o f  th e  e x p e r im e n ta tio n  was a l s o  d e s ig n e d  

to  b e  o f  an e x p lo r a to r y  nature,, In d o le b u ty r ie  a c id ,  a lph a  

n ap h th a len e  a c e t i c  a c id  are commonly used in  p r o p a g a tio n  o f  

p la n ts  by a se x u a l m eans, and t h e i r  e f f e c t  on th e  g erm in a tio n  o f
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c it r u s  se e d  was s tu d ie d  in  th e  hepe o f in e r e u s in g  g e r m n a tio n o  

The r e s u l t s  o b ta in ed  from  t h i s  t e s t  were as f o l lo w s i

I n d o le b u ty r ie  a © id, 1 po'pom., 18 per cen t germ in ation *

A lpha n ap h th a len e a c e t ic ,  a c id ,  1 p spom09 10 p 0.pemo 
and 50 'pePom*, no germ in ation *

These tw o growth r e g u la t o r s  d id  n o t in c r e a s e  th e  g erm in a tio n  o f

th e  c i t r u s  s e e d  a s compared w ith  th e  c o n tr o l p l o t s . The u se  o f

th e s e  ch em ica ls  i s  n o t recommended, a s  th e  r e s u l t s  o b ta in ed  do

n o t  w arrant t h e ir  use*

The th ir d  phase o f e x p e r im e n ta tio n  was d e s ig n ed  to  e v a lu ­

a t e  th e  e f f e c t i v e n e s s  o f  th e  th r e e  ch em ica ls  th a t  gave th e  

b e s t  r e s u l t s  in  E xperim ents Eos* 1 and 2 * The t e s t  p lo t s  were 

e n la rg e d  to  b e t t e r  stu d y  th e  e f f e c t  o f th e  c h em ica ls  on a 

la r g e r  s c a le *  C leo p a tra  m andarin and sour orange seed  was u sed  

in  t h i s  t e s t  * The m andarin se e d  f a i l e d  t o  g iv e  a h igh  p er ­

cen ta g e  o f  g e rm in a tio n  when p la n te d  w ith ou t t r e a tm e n t„ M ale ic  

h y d r a z id e , th io u r e a , and 2 ,4-4) s o lu t io n s  were used  in  t h i s  t e s t  

w ith  th e  fo l lo w in g  r e s u l t s ;

D r ied  C leo p a tra  mandarin se e d  soaked in  a s o lu t io n  o f  4 
p er cen t th io u r e a  gave a g e rm in a tio n  p ercen ta g e  o f  
,58o5° T his was th e  h ig h e s t  fo r  th e  t r e a t e d  seed*

D ried  C leo p a tra  mandarin se ed  soaked in  th e  100 p*p*m* 
2 , 4 =© s o lu t io n  g a v e  a g erm in a tio n  p e r ce n ta g e  o f  
38*5*

D ried  C leo p a tra  m andarin s e e d  soaked in  th e  m a le ic  h y­
d r a z id e  s o lu t io n  g a v e  a g erm in a tio n  p e r ce n ta g e  o f  
44*00



SUHH4ET AS® CONGLUSIOMS

The g e rm in a tio n  o f c i t r u s  seed  f o r  r o o ts to c k  pu rp oses  

has been o f concern  to  nurserym en9 who" o f te n  en cou n ter  d i f f i ­

c u lt y  in  o b ta in in g  s u f f i c i e n t  s e e d l in g s  f o r  budding t o  commer­

c i a l  v a r ie t i e s o

G ro w th -reg u la tin g  su b sta n c e s  have been used  f o r  many 

y e a r s  to  s t im u la te  th e  r o o t in g  o f  c u t t i n g s 9 but th e s e  sub­

s ta n c e s  have n o t been used  e x t e n s iv e ly  in  th e  s e x u a l  propaga­

t i o n  o f p la n ts  o A s e r i e s  o f g r o w th -r e g u la tin g  su b s ta n c e s  was 

u sed  to  d eterm in e  t h e ir  e f f e c t i v e n e s s  in  in c r e a s in g  th e  germ ina­

t i o n  o f sour orange and G leop atra  m andarin seed®

The r e s u l t s  o f  th e s e  e x p e r im en ts„ conducted under e x a c t­

in g  c o n d it io n s ,  a r e  l i s t e d  in  th e  ord er o f t h e ir  e f f e c t i v e n e s s  

on g e r m in a t io n 0

lo  T hiourea .

a 0 T hiourea was m ost e f f e c t i v e  in  in c r e a s in g  th e  germ ina- , 
t io n  o f dry  c i t r u s  seed®

bo T hiourea a l s o  gave more un iform  grow th  r e sp o n se  than  
any o f  the o th e r  grow th su b stan ceso

Co H igher g erm in a tio n  p ercen ta g e  was o b ta in ed  when used  
on d r ie d  c i t r u s  s e e d a

2 0 M aleie  h y d ra z id e  .

. a® M a le ie  h y d r a z id e , 6000 p 0p®m«, in c r e a se d  th e  germ ina­
t i o n  o f d r ie d  G leop atra  m andarin s e e d , but i t  was found  
th a t  i t  d e crea sed  g erm in a tio n  o f seed  which had been  
soaked in  w a ter  p r io r  to  trea tm en t w ith  m a le ie  hydra­
z id e  »
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bo M ale ie  h y d ra z id e  in h ib it e d  th e  gerzn in ation  o f e i t m s  
seed  f o r  a p e r io d  o f  .2 t o  10 days a s  compared w ith  
th e  c o n tr o l  p lo ts *  T h is in h ib i t io n  d id  n o t have an 
a d v erse  e f f e c t  on th e  seed  th a t  germ inated*

a<> 25,4 -® g 100 poPoBo s, in c r e a s e d  th e  g e rm in a tio n  o f
d ry O leop atra  mandarin s e e d f but i t  d id  n o t have any 
e f f e c t  on se e d  soaked in  w ater  and l a t e r  tr a n s fe r r e d  
t o  the 2, 4 -D s o lu t io n e The m ost e f f e c t i v e  tr e a tm e n t, 
t h e r e f o r e ,  would be to  p la c e  th e  dry s e e d  d ir e c t ly  i n t o  
th e  s o lu t io n *

a« 2 , 4 , 5$  c o n c e n tr a t io n s  o f 50 and 100 p ep.m» d ecrea sed  
th e  g e rm in a tio n  of c i t r u s  seed* The low  c o n c e n tr a t io n s  
o f  1 and 10 p*p*m* gave  r e l a t i v e l y  low  g erm in a tio n  o f  
seed* T h is  g r o w th -r e g u la t in g  su b sta n ce  i s  n o t recom ­
mended f o r  th e  trea tm en t o f c i t r u s  s e e d , a s  i t s  e f f e c t  
on g e r m in a tio n  d oes not w arran t i t s  use*

5 * In d o leb m ty r ic  and a lph a n ap h th a len e  a c e t i c  a c id

a* These two g r o w th -r e g u la t in g  su b sta n c es  have g iv en
e x c e l le n t  r e s u l t s  in  th e  r o o t in g  o f  c u t t in g s ,  but th e y  
a r e  n o t recommended f o r  t r e a t in g  c it r u s  s e e d  s in c e  th e  
r e s u l t s  o b ta in ed  in  th e  g erm in a tio n  t e s t s  d id  not in ­
c r e a se  th e  g e rm in a tio n  p ercen tage*

T h iou rea  i s . t h e  most p rom isin g  g r o w th -r e g u la t in g  su b sta n c e  

f o r  in c r e a s in g  th e  g e r m in a tio n  o f c i t r u s  seed* D ried  c i t r u s  

se e d  sh o u ld  b e  p la c e d  d i r e c t ly  in to  t h i s  s o lu t io n  b e fo r e  p la n t ­

in g  to  o b ta in  th e  m ost b e n e f i c ia l  r e s u l t s *

The nurserym an sh ou ld  e x e r c i s e  c a u tio n  in  w eig h in g  th e  

m a te r ia l ,  a s  e x c e s s iv e  amounts c o u ld  a f f e c t  th e  g erm in a tio n  

when a p p lie d  to  th e  se ed  in  th e  so a k in g  p ro cess*

3 * 2* 4 —D

4
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