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INTRODUCTION

B aduvapuli (C itru s  p e n n iv ess icu la ta  T a n .) i s  th e  poor 

m an 's  p ick lin g  c i t ru s  s p e c ie s  of K e ra la . T ra d it io n a lly , i t  i s  an 

e s se n tia l p ic k le  in g re d ie n t of th e  d ie ta ry  h a b i ta t  and i t s  demand 

p eak s  in  th e  fe s t iv e  Onam seaso n . The pomp and sp len d o u r of the  

f e s t iv a l  of K erala  i s  re g a rd e d  incom plete  w ithou t a touch  of th is  

va lued  p ic k le .

The warm hum id tro p ic a l  c lim ate  p re v e n ts  com m ercial 

c u ltiv a tio n  of a c id  lim e w hich  is  m ost va lued  among C itru s  sp e c ie s  

fo r p ic k lin g . Iso la te d  s t r a y  occu rren ce  of f ru itin g  of a c id  lim e is  

n o ticed  in  th e  s ta te  b u t th e  f r u i ts  p roduced  a re  u n d e rs iz e d  w ith  

sm all ju ic y  v e s s ic le s .  Hence, th e  req u irem en t o f K erala  i s  met by 

flow from a c ro ss  i t s  b o rd e r .  I t  i s  in  th i s  co n tex t th a t  B ad u v ap u li, 

a f r u i t  of m inor im p o rtan ce  among C itru s  s p e c ie s ,  gains im portance  

and a c c e p ta b i l i ty .  F u r th e r ,  i t  f lo w ers  and f r u i t s  lu x u rio u s ly  and  is  

w ell a d a p te d  to th e  warm hum id tro p ic a l  c lim ate  th a t  p r e v a i ls  in  

the  s ta t e .  P ro d u ctio n  and p ro d u c tiv i ty  being g u a ra n tte d , i t  become 

im p e ra tiv e  to p ro b e  th e  m ajor c o n s tra in ts  th a t  l im its  i t s  fu r th e r  

s p re a d .

With th e  in c reas in g  aw aren ess  th a t  th e  f irm n ess  of th e  

p ee l can be red u ced  by  re fin em en ts  in  th e  p ick lin g  p ro c e d u re , th e
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demand is  only bound to in c re a se  f u r th e r .  Augmenting re s e a rc h  and 

s ta n d a rd is in g  p ro to c o ls  in  th i s  d ire c tio n  w ill d e f in i te ly  t i l t  th e  

balance in  fav o u r of B aduvapu li K e ra la .

T oday, i t  i s  confined  to th e  h o m estead s , m ostly  

p e rp e tu a te d  by se e d s  and hence c a r r ie s  w ith  i t  a l l  th e  d e fic ien c ie s  

of seed  p ro p ag a tio n . I t  i s  ag a in s t th is  background  and im pending 

n e c e ss ity  th a t  th e  p re s e n t s tu d ie s  h av e  been tak en  up in  th e  

D epartm ent of Pomology and F lo r ic u ltu re  w ith  th e  o b je c t iv e  to 

s ta n d a rd is e  th e  v e g e ta tiv e  p ro p ag a tio n  te ch n iq u es  using cu ttin g , 

budd ing , la y e rin g  and g ra f tin g , to  id e n tify  th e  b e s t  ro o t s to ck  and 

th e  b e s t  seaso n  fo r  each  te ch n iq u e .
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REVIEW OF LITERATURE

The p e rp e tu a tio n  of c i t ru s  th rough  se e d s  h a s  been a 

common m ethod from tim e im m em orial, due to w ide occurence of

po lyem bryony  in  most of th e  common c i t ru s  f r u i t s .  Though

ap o m ic tic , seed  p ro p ag a tio n  i s  lim ite d  by  num erous d isad v an tag es  

l ik e  lo ss  of v ia b i l i ty ,  d if f ic u l ty  in  g e rm ina tion , more g e s ta tio n  

p e rio d  and s lo w er g ro w th . D iffe ren t v e g e ta tiv e  m ethods of

p ro p ag a tio n  h av e  been  t r i e d  in  C itru s  s p . to g e t tru e  to ty p e

p la n ts  and to  com bine th e  p o s i t iv e  e ffe c ts  of a ro o t s to c k . T h is  

rev iew  a tte m p ts  to su rv e y  a t  leng th  th e  d if fe re n t  v e g e ta tiv e

p ro p ag a tio n  m ethods t r i e d  in  C itru s  s p . and to cata logue and 

c la s s ify  them  u n d er a p p ro p r ia te  h e a d s .

1 . CUTTINGS

C itru s  p ro p ag a tio n  th ro u g h  cu ttin g s  i s  p o s s ib le  a s  most 

C itru s  sp  e x h ib i t  a tendency  of a d v e n titio u s  ro o tin g . C itro n  and 

sw eet lim e ro o t r e a d i ly  w h ile  o th e rs  l ik e  g ra p e f ru i t  and sw eet

orange a re  d if f ic u l t  to  ro o t (Nanda and K ochar, 1991).

1 .1  E ffec t of ty p e  of cu ttin g s  on rooting

S tu d ies  by  Singh (1962) re v e a le d  th a t  sem i h a rd  wood

cu ttin g s  of Karna K hatta  p ro d u ced  s im ila r  r e s u l ts  a s  h a rd  wood

cu ttin g s . A ccording to  Singh (1963), h a rd  wood cu ttin g s  of sw eet
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lim e gave b e t te r  r e s u l ts  than  th a t  of Kagzi lim e . In c o n tra s t, 

Gangwar and Singh (1965) show ed th a t  sem i h a rd  wood cu ttin g s  

ro o ted  b e t te r  th an  h a rd  wood cu ttin g s  in  sw eet lim e . Fontazza in 

1968 found th a t  two y e a r  o ld  b ra n c h es  of P oncirus t r i f o l ia ta  w ere 

s u p e r io r  to  one y e a r  o ld  b ra n c h e s .

N aser and A bdul Hameed (1971) r e p o r te d  th e  b e t te r  

perform ance of ju v e n ile  stem  cu ttin g s  of W ashington Navel Orange 

taken  from one y e a r  o ld  see d lin g s  o v e r  th o se  from fif te e n  y e a r  o ld  

t r e e s .  C u ttings from m id d le  p o rtio n  of one y e a r  o ld  sh o o ts  ro o ted  

b e t te r  th an  th o se  from above  o r  below , in  lemon (G a b ric id z e , 

1971). Ju v en ile  th re e  le a f  cu ttin g s  of C itrum elo  p ro d u ced  m ore ro o ts  

in com parison  to m ature ones (F erguson  e t  ad. ,  1985). S ix ty  seven  

p e r  cen t roo ting  was o b ta in ed  from younger wood c u ttin g s  of M eyer 

lemon w hile  o ld e r  wood gave 44 p e r  cen t ro o tin g  (G orgosh idze  and 

K a r tv e l is h v i l i ,  1985). A pical and b a sa l c u ttin g s  of C itru s  junos 

p ro v ed  to be m ore e ff ic ie n t in  roo ting  (Kim et^ a l . ,  1992).

1 .2  E ffect of Hormone and i t s  co n cen tra tio n

T he p r a c t ia l  use  of s y n th e t ic  au x in  in  s tim u la tin g  roo t 

form ation from th e  b a sa l p a r t  of cu ttin g s  was dem o n stra ted  about 

f iv e  d ecad es  ago by  s e v e ra l  w o rk e rs  Thim ann and Went 1934; Went, 

1934; C ooper, 1935; H itchcock  and Zimmermann, 1936; P e a rs e , 

1938). Though d if fe re n t g ro w th  re g u la to rs  w ere u sed  by them , today  

th e  most commonly u sed  g row th  re g u la to rs  in  inducing roo ting  a re  

IAA, IBA and NAA.
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D ik sh it (1956) found th a t  trea tm en t of Kagzi lim e cu ttin g s  

w ith  250-300 mg 1 ^ IAA gave up to  65 p e r  cen t ro o tin g . Sen and 

Bose (1962) re p o r te d  th a t  IAA and IBA, in  g e n e ra l, show ed a roo t 

prom oting e ffe c t in  lemon and lim e c u ttin g s . The e ffe c t of IBA,

h o w ev er, a p p e a re d  to be b e t te r .  Lemon cu ttin g s  tre a te d  w ith  IAA
-1 -1 200 mg 1 o r IBA 75 mg 1 ro o ted  in  15-20 d a y s  (G a b ric id z e ,

1971). B est roo ting  re sp o n se s  w ere re p o r te d  in  C itrum elo  cu ttin g s
-1

tre a te d  w ith  IBA and NAA, bo th  a t  3000 mg 1 (F erguson  e l a l . ,

1985). In cu ttin g s  of B aram asi, Kagzi k a lan  and E ureka  lem on, NAA

a t 4000, 3000 and 2000 mg 1 1 re s p e c t iv e ly  p ro v e d  to be th e  b e s t
-1

(A rora and Yamdagni, 1985). IBA 2000 mg 1 g ave  70 p e r  cen t

roo ting  in  T ro y e r  C itran g e  c u ttin g s  (M endilcioglu  and  K a ra k ir , 1986)

and IBA 100 mg 1 1 gave 36-67 p e rc e n t roo ting  in  sw eet lim e 

(Sandhu and Zora S ingh, 1986).

Ninety f iv e  p e r  cent rooting  was o b se rv e d  in  lemon

cu ttin g s  p re tr e a te d  w ith  F e ru lic  a c id  a t  200 mg 1 ^ and th en  w ith  
-1

NAA 5000 mg 1 (D ebnath  at^ a l . , 1986). M eyer lemon cu ttin g s

tre a te d  w ith  IAA 0 .02  p e r  cen t + A sco rb ic  a c id  20.00 p e r  cen t fo r 

12 h o u rs  ro o ted  in 15-20 d ay s  (A rslanov  1994).

With re g a rd  to m ethod of tre a tm e n t, q u ick  d ip

a p p lic a tio n  of 2000 mg 1 of IBA show ed a m arked  im provem ent in 

rooting  and sp ro u tin g  of Sweet lim e cu ttin g s  ( S ingh, 1963). D ipping 

W ashington Navel o range cu ttin g s  in  IBA 1000 o r  2000 mg 1 1 fQr  10 

seconds p ro v ed  to be th e  b e s t  (S h a f r i r ,  1973).
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(1973) found s ig n if ic a n t in c re a se  in  th e  num ber of ro o ts  p e r  c u ttin g ,

p ro p o r tio n  of cu ttin g s  s u i ta b le  fo r  tra n sp la n tin g  and th e  s u rv iv a l

r a te  in  W ashington N avel Orange t re a te d  w ith  IBA 1000 o r  2000 mg 
-1 -11 . IBA 100 mg 1 gave  th e  h ig h e s t  ro o t num ber and th e  longest

roo t p e r  cu tting  in  sw eet lim e (Bajwa e t  a l . ,  1977). In Assam lemon 
-1

400 mg 1 IAA gave th e  h ig h e s t  r e s u l t s  w ith  re g a rd  to p e rcen tag e

bud b re a k , roo ting  and s u rv iv a l ,  p r im a ry  ro o t num ber, le n g th ,

d ia m e te r and f re s h  w eight (P andey  and G upta, 1990). IBA 1000-4000 
-1

mg 1 h ad  th e  g re a te s t  e f fe c t on roo ting  p e rcen tag e  and ro o t leng th  

in C itru s  junos (Kim a t a ^ . , 1992).

G ib b e re liin s  h av e  a lso  been re p o r te d  to prom ote 

rh iz o g e n es is  in  lem ons. Though GA 0.0001 p e r  cen t gave  53 p e r  cent 

roo ting  in  lemon cu ttin g s , th e  ro o t sy stem  d ev e lo p ed  was poor 

(A rzyam ova and A g ak ish iev , 1985).

1 .3  E ffec t of num ber of nodes on roo ting  of cu ttin g s

R ajpu t and H arib ab u  (1993) recom m ends c i t ru s  cu ttin g s  of 

10-15 cm long w ith  a t  le a s t  3-4 w ell m ature plum p buds fo r 

p lan ting

1 .4  E ffec t of m ist s p ra y  on roo ting  of cu ttin g s

In te rm itte n t m is t h a s  been u sed  in  p ro p ag a tio n  since  

1 9 4 0 's . An in c re a se  in  th e  r e la t iv e  h u m id ity  p re v e n ts  d e s ic c a tio n  of

In re s p e c t  of q u a li ta t iv e  a sp e c ts  of ro o tin g , S h a fr ir
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cu ttings and p ro v id e s  m ore fav o u rab le  env ironm en ta l co n d itio n s  fo r 

ro o t fo rm ation . B en efic ia l e ffe c t of m is t on roo ting  in  a w ide

v a r ie ty  of d i f f ic u l t - to - r o o t  p la n t sp e c ie s  h a s  been  re c o rd e d  by 

E rick so n  and B it te r s  (1953) and Hartm ann (1956). H igher p e rcen tage  

of roo ting  u n d e r m is t in  c u ttin g s  of d i f f ic u l t - to - r o o t  f r u i t  t r e e s  and 

many ornam ental p la n ts  h a s  been  re p o r te d  by  Sen et^ al^., (1965); 

Bose e t  a l ,  (1970) and Bose and Mondal (1970).

B e tte r  ro o t fo rm ation  u n d e r in te rm it te n t m is t was re p o r te d  

in  C itru s  lim onia v a r  v a r ie g a ta  (Bose a t  al^, 1970) and  in  Pummelo 

c u ttin g s  (Bose and Sandhu, 1974). Singh and D har (1981) o b ta in ed  

rooting  in  35 cu ttin g s  out of 50 in  a c id  lim e u n d e r in te rm itte n t

m is t. M eyer lemon cu ttin g s  gave  98 p e r  cent ro o tin g  u n d e r m ist in  

p la s t ic  g reen  hou ses  (U m arov, 1983). Rooting of cu ttin g s  u n d e r m ist 

h a s  a lso  been re p o r te d  in  M eyer lemon (G rogosh idze  and K art

v e l i s h v i l i ,  1985), T r ifo lia te  o range, Sour orange and T ro y e r 

c itran g e  (M endilcioglu  and K a ra k ir , 1986) and in  C itru s  junos (Kim 

e t  a l ,  1992).

1 .5  Seasonal in fluence  on roo ting  of cu ttin g s

Season e x e r ts  a v e ry  s ig n if ic a n t in fluence  in  roo ting  of

c u ttin g s .

H ayes (1957) sugg ested  th a t  th e  p ro p e r  tim e of p lan ting  

of e v e rg ree n  cu ttin g s  of lim e and lemon is  e i th e r  la te  summer o r



e a r ly  s p r in g . The o v e ra l l  su ccess  of sw ee t lim e cu ttin g s  was b e t te r  

in  la te  summer p lan tin g  during  S ep tem ber th an  la te  w in te r p lan ting  

in Jan u a ry  o r  F e b ru a ry  (Singh 1959). Hormone tr e a te d  cu ttin g s  of 

Sweet lim e and Sour lim e p la n te d  in  August gave  roo ting  w ith in  3

w eeks a f te r  p lan tin g  w hereas cu ttin g s  p la n te d  in  F e b ru a ry  show ed

roo ting  a f te r  8 w eeks only  (B ham bota, 1959). In sw eet lim e 

cu ttin g s , sum m er p lan tin g  p ro v e d  to be s u p e r io r  to w in te r p lan ting  

(Singh and S ingh, 1961). C houdhry  e t  a K , (1963) re p o r te d  th a t

sw eet lim e cu ttin g s  p la n te d  during  F e b ru a ry  p ro v e d  s u p e r io r  to

S ep tem ber p la n tin g . In sw eet lim e , an o th e r r e p o r t  by  Gang w ar and

Singh (1965) show ed th a t  Ju ly  was b e t te r  th an  S ep tem ber fo r 

roo ting  of c u ttin g s . Singh (1968) found th a t  c u ttin g s  of sw ee t lim e

and so u r lim e p la n te d  during  ra in y  season  p e rfo rm ed  much b e t te r  

than  th o se  p lan ted  in  F e b ru a ry . M id-M arch in  case  of sp rin g

p ro p ag a tio n  and e a r ly  S ep tem ber in  case  of autumn p ro p ag a tio n  h av e  

been id e n tif ie d  a s  optimum tim e w ith  g row th  re g u la to r  trea tm en t 

w hereas Ju ly  gave th e  b e s t  p e rcen tag e  of roo ting  in  C junos (Kim 

e t a l . , 1992). The b e s t  tim e fo r  s tr ik in g  of ro o ts  in  M eyer lemon 

cu ttin g s  was found to be  e a r ly  August (A rslan o v , 1994).

1 .6  E ffect of re te n tio n  of le av e s  on roo ting  of cu ttin g s

I t  h a s  long been  known th a t  th e  p re sen c e  of le av e s  on

cu ttin g s  e x e r ts  a s tro n g  stim u la tin g  in fluence  on ro o t in i t ia t io n .

A p ical h a lf  le a f  cu ttin g s  ro o te d  b e t te r  th an  w hole le a f 

cu ttin g s  of lo c a l c i t ru s  c u l t iv a r s  E la c h i lem on, S e e d le ss  lemon and
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Kagzi lim e (F aruque  and Mahamood, 1973). Ferguson e t a ^ . , (1985)

found th a t  ju v e n ile  th re e  le a f  cu ttin g s  of C itrum elo  p ro d u ced  more

ro o ts  th an  m ature th re e  le a f  c u ttin g s . Two to th re e  le a f  cu ttin g s

ro o ted  b e s t (84 to  88 p e r  cen t ) in  M eyer lemon, a s  re p o r te d  by 

G orgosh idze and K a r tv e l is h v i l l i  (1985). Pandey and Gupta (1990) 

re p o r te d  64 p e r  cen t roo ting  o f le a f  cu ttin g s  in  Assam lemon.

The s tim u la to ry  e ffe c t of le av e s  on roo ting  in  stem

cu ttin g s  of Avacado was show n by Renveni and R aviv  in 1981.

1 .7  E ffec t of E tio la tio n  o r  banding on roo ting  of cu ttin g s

The e a r l ie s t  r e p o r t  of e tio la tio n  a s  a p ro p ag a tio n  tool is  

th a t of R eid (1923) w ith  th e  d is c o v e ry  th a t  e tio la tio n  a c c e la ra te s  

roo ting  in  c u ttin g s . E tio la tio n  of sh o o ts  p r io r  to p re p a ra t io n  of

cu ttin g s  p rom otes b e t te r  roo ting  (Hermann and H ess, 1963 and

H artm an e t a l . ,  1993).

The l i te r a tu r e  on e ffe c ts  of e tio la tio n  in  C itru s  s p . a re  

no t a v a i la b le  and w anting.

O th er f r u i t  c ro p s

G ard n er (1937) b anded  sh o o ts  of a p p le  t r e e s  up to  one

y e a r  b e fo re  tak ing  cu ttin g s  and found a trem endous in c re a se  in 

rooting  p e rc en ta g e . E tio la tio n , to g e th e r  w ith  p ro x im a l ring  b a rk in g , 

induced  ro o t form ation  up to  98 p e r  cen t in  cu ttin g s  of A pple

(D elargy  and W right, 1978).
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M ukherjee and C h a t te r  jee  (1979) re p o r te d  th a t

in v ig o u ra tio n  of two m onths o ld  sh o o ts  of ja ck  fo llow ed by
-1

e tio la tio n , rin g in g , and d ip p in g  in  IBA a t 5000-10,000 mg 1 fo r 30 

seconds and p lan tin g  u n d e r in te rm it te n t m is t p ro d u ced  84 p e r  cent

rooting  re sp o n se . S tu d ies  by  Dhua e t  a l .  (1983) show ed th a t  ring ing

and e tio la tio n  fo r  30 d a y s  com bined w ith  trea tm en t w ith  IBA 3000

-1 -1 mg 1 + fe ru lic  a c id  2000 mg 1 gave th e  h ig h e s t  roo ting  (90 p e r

cen t) and p la n t s u rv iv a l  (100 p e r  cen t) in  J a c k .

B id and M ukerjee (1972) no ted  b e t te r  ro o t form ation  in

the  cu ttin g s  of Mango from fo rced  sh o o ts  and th a t  e tio la tio n

im p ro v ed  ro o tin g .

B iran  and H alevy (1973) sh ad ed  s to ck  p la n ts  of th re e

D ahlia c u l t iv a r s  b e fo re  banding w ith  Aluminium fo il and a ch ie v e d  

m arked  im provem ent in  roo ting  p e rcen tag e .

The d if f ic u l t - to - r o o t  f r u i t  t r e e s  l ik e  Mango 8 Jac k  could 

be made to  ro o t u n d e r in te rm itte n t m is t w ith  ring ing  and  e tio la tio n

(Basu et^ e d . , 1968 and Dhua e l  a l . , 1983).

1 .8  S u rv iv a l of cu ttin g s

In W ashington Navel O range, th e  s u rv iv a l  r a te  was

s ig n if ic a n tly  in c re a se d  when th e  c u ttin g s  w ere tr e a te d  w ith  IBA 1000 
-1

or 2000 mg 1 . A ccording to Pandey and Gupta (1990), IAA 400 mg

1 ^ gave good r e s u l ts  reg a rd in g  th e  s u rv iv a l  in  case  of Assam 

lemon.
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Umarov (1983) show ed th a t ,  in  c ase  of M eyer lem on, only 

p la n ts  from Ju ly  p la n te d  cu ttin g s  re a ch e d  s ta n d a rd  s iz e  q u ic k ly  and 

w ere  s u ita b le  fo r perm anent tra n sp la n tin g .

Cent p e r  cen t p la n t s u rv iv a l  was o b ta in ed  in  Jack  

cu ttin g s  w hich  w ere g iven  ring ing  and e tio la tio n  fo r  t h i r ty  d ay s  

com bined w ith  trea tm en t w ith  IBA 3000 mg 1 1 + F e ru iic  a c id  2000 

mg 1 1 (Dhua e t a l . ,  1983).

2. LAYERING

A ir lay e rin g  i s  not commonly em ployed  fo r  m u ltip lic a tio n  

of C itru s  v a r ie t ie s  on com m ercial s c a le , e x c e p t in  case  of Lime,

Lemon, C itro n , Pummelo and Sweet lim e (D utta , 1962; S h an k a r, 

1965; B han, 1972; Hulamani and R eddy , 1974 and M ishra  and 

A graw al, 1975).

2 .1  E ffec t of ty p e  of shoo t on roo ting  of a i r  la y e r s

The age of th e  la y e re d  shoo t a s  w ell a s  th e  age of th e

tre e  on w hich  la y e rin g  was done w ere found to  h a v e  c o n s id e ra b le  

in fluence  on th e  c a p a c ity  to  ro o t.

No s tu d ie s  h a s  been  so fa r  r e p o r te d  reg a rd in g  th e

s ta n d a rd  ty p e  of sh oo t fo r  la y e r in g  in  c i t ru s  bu t id e n tic a l  w orks 

a re  a v a ila b le  on o th e r  c ro p s .
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In C ashew , Rao (1958) could  o b ta in  a h ig h e r  pe rcen tag e

of su ccess  w ith  one y e a r  o ld  sh o o ts  th an  w ith  c u rre n t s e a s o n 's

sh o o t. A iy ad u ra i (1968) recom m ended p en c il th ic k  sh o o ts  fo r a i r  

lay e rin g  in  C ashew . L a te r , r e p o r ts  on cashew  in  la y e r in g  a lso

e m p h asised  th e  use of one y e a r  o ld  sh o o ts  fo r h ig h e r  roo ting  

(P e ix o to , 1960; Dam odaran, 1984 and P alan isw am i, et^ a l . , 1984).

R esu lts  of a w ork in  a i r  lay e rin g  of ja c k  re p o r te d  by

S rin iv a san  (1961) show ed th a t  100 p e r  cent su ccess  was o b ta in ed  on

two y e a r  o ld  p la n ts  w ith  h a rd  wood. In te rm ed ia te  wood gave 96 p e r  

cen t su ccess  w h ereas  g reen  wood was found co m p le te ly  u n su ita b le

showing no in i t ia t io n  of ro o tin g . B ut, L in g ara jap p a  (1982) found 

th a t in  ja ck  la y e r s  ju v e n ile  sh o o ts  form ed ro o ts  30 d a y s  e a r l i e r

than  m ature sh o o ts .

2 .2  E ffect of roo ting  m edia on th e  rooting  of la y e r s

The q u a lity  of th e  roo ting  medium e s p e c ia l ly  te x tu re ,

p o ro s ity  and w ater h o ld in g  c a p a c ity  g re a t ly  in fluence  th e  e x te n t of 

rooting  (H artm an crt a l . ,  1993). The roo ting  medium must p ro v id e  

su ffic ie n t m o is tu re  and a e ra tio n  and m ust be pathogen  f re e .

R ep o rts  on th e  e ffe c t of roo ting  m edia in  th e  roo ting  of 

c itru s  la y e r s  a re  not a v a ila b le
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O ther f r u i t  c ro p s

Among th e  e ig h t d if f e re n t  m edia t r i e d  by  Rao and Hassan 

(1957) in  Cashew a i r  la y e r in g , wood sh a v in g s , coconut c o ir  h u sk , 

c o ir  h u sk  d u s t and sand  p ro v e d  to  be  th e  b e s t ,  w h ile  m a te r ia ls

l ik e  a m ix tu re  of re d  e a r th  and lea f mould w hich  d ev e lo p ed

s tic k y  co nd ition  p ro v ed  u n su ita b le . A m ix tu re  of 50 p e r  cent

cowdung and 50 p e r  cen t sand  was found to be th e  most su ita b le

medium fo r Cashew  a i r  lay e rin g  in  Assam (A iy a d u ra i, 1966). S im ila r 

s tu d ie s  conducted  by  D am odaran, 1984 in  C ashew  show ed th a t  san d , 

saw d u s t, wood sh a v in g s , V erm icu lite  (c o a rse )  and v e rm ic u lite  

(f in e ) d id  not h av e  any s ig n if ic a n t d iffe ren c e  in  ro o tin g .

2 .3 E ffect of grow th  re g u la to rs  in  lay erin g

T he p la n t g row th  re g u la to rs  l ik e  IBA, IAA and NAA h av e

been re p o r te d  to be e f fe c tiv e  fo r  th e  rooting  of C itru s  a i r  la y e r s

(P ra sa d  and Govind 1972). T hey found th e  b e s t roo ting  re sp o n se  in
-1

M ossam bi t re a te d  w ith  IBA 1000 mg 1 . Telang (1983) re p o r te d  th a t
-1

la y e r s  t r e a te d  w ith  IBA 500 mg 1 o r  IBA + NAA (each  a t  250 mg 

1 ■*■) gave 95.46 and 88.64 p e r  cen t roo ting  r e s p e c t iv e ly .  H ow ever, 

th e  su ccess  of a i r  la y e r s  to g row th  re g u la to r  trea tm en t d ep en d s  on 

i t ' s  u se  a t  optimum co n cen tra tio n , ty p e  of p la n t m a te r ia l and tim e 

of a p p lic a tio n  (Sharm a et^ a K , 1975). While lo w er co n cen tra tio n s  a re  

in e ffe c tiv e  and h ig h e r  co n cen tra tio n s  m ostly  to x ic , i t  i s  im p e ra tiv e  

to  s ta n d a rd is e  th e  optimum co n cen tra tio n  of g row th  re g u la to r .
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Rooting and sub seq u en t e s ta b lish m e n t w ere s u p e r io r  in
-1 -1 Kagzi k a lan  la y e r s  tre a te d  w ih t IBA 750 mg 1 + NAA 750 mg 1

(M ish ra  and A garw al, 1975). T he h ig h e s t  num ber of ro o ts  p e r  a i r

la y e r  and g re a te s t  s u rv iv a l  was o b ta in ed  in  s e e d le s s  lemon tre a te d

w ith  IBA + NAA each  a t  1000 mg 1 ^ P a ti l  and C h ak raw a r, (1979)

found th a t  roo ting  was b e s t  in  S eed less  lemon a i r  la y e r s  p re p a re d

on 15 th  Ju ly .

2 .4  E ffec t of E tio la tio n /B an d in g  on lay erin g

A lthough e tio la tio n  i s  d e fin ed  a s  th e  to ta l  e x c lu s io n  of 

l ig h t ,  e tio la tio n  a s  i t  i s  u sed  by th e  p la n t p ro p a g a to r  a lso  r e f e r s  

to fo rcing  new shoo t g row th  u n d er co n d itio n s  of h eav y  sh ad e  

[H aissig  e t  a l . ,  1988]. The b e n e f ic ia l e f fe c ts  of e tio la tio n  and

banding h av e  been rev iew ed  a num ber of tim es [F ro l ic h ,  1961; 

Herman and H ess, 1963; K aw ase, 1965; Ryan, 1969; D elargy and 

W right, 1978 and H a rriso n  -  M urray , 1982].

Cent p e r  cen t roo ting  was o b se rv e d  in  m arco ts  rin g ed  and 

e tio la te d  fo r  2 months in  Pummelo [Hulamani and  R eddy , 1974].

O th er f ru i t  c ro p s

U thaiah  e t  aU (1976) found th a t  p re  condition ing  

trea tm en ts  such  a s  e tio la tio n  and la y e rin g  of sh o o ts  30 d a y s  b e fo re  

lay e rin g  in  Sapota w ere e s p e c ia l ly  h e lp fu l in  in c reas in g  th e  num ber 

of ro o ts  and cu m ula tive  len g th  of ro o ts .
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L in g ara jap p a  (1982) from h is  s tu d ie s  on a i r  la y e r in g  in  

Jack  f r u i t  re p o r te d  th a t  th e  p e rcen tag e  of la y e r s  w hich  ro o ted  

su c c e ss fu lly , th e  num ber of ro o ts  p e r  la y e r ,  th e  le n g th , th e  w eight 

of ro o ts  and s u rv iv a l  of th e  la y e r s  w ere g re a te r  when th e  stem  

w ere p re g ird le d  and e t io la te d .

2 .5  S u rv iv a l of la y e r s

M ishra  and A graw al (1975) found th a t  th e  e s ta b lish m e n t

of k ag zi k a lan  la y e r s  was s u p e r io r  when t r e a te d  w ith  IBA + NAA 
-1

each  a t 750 mg 1 . The g re a te s t  s u rv iv a l  was o b ta in ed  in  s e e d le s s

lemon la y e r s  tre a te d  w ith  IBA + NAA each  a t  750 mg 1 \

O ther f r u i t  c ro p s

The e s ta b lish m e n t of la y e re d  p la n ts  a f te r  th e i r  

se p a ra tio n  from th e  p a re n t t r e e s  i s  a d if f ic u l t  ta sk  in  most f r u i t  

c ro p s . High m o rta lity  of s e p a ra te d  cashew  la y e r s  h av e  been 

o b se rv ed  by Rao, (1958).

The low p e rcen tag e  of s u rv iv a l  of a i r  la y e r s  h a s  a lso  

been re p o r te d  in  Mango. L edin  and R ouhle (1954) found th a t  th e  

ro o ts  of Mango la y e r s  w ere so b r i t t l e  th a t  few p la n ts  su rv iv e d  

a f te r  p lan tin g .

In S apo ta , th e  s u rv iv a l  of a i r  la y e r s  was a s  low a s  5 

p e r  cent and th e  h ig h  m o rta lity  seem ed to be due to in ad eq u a te  

developm ent of ro o t sy stem  (Singh al^., 1962).
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3 . GRAFTING

G rafting  is  one of th e  m ost w ide ly  u sed  p ro p ag a tio n  

m ethod a s  f a r  a s  f r u i t  c ro p s  a re  concerned . V arious su ccessfu l

m ethods o f g ra ftin g  h a v e  been  re p o r te d  in  c i t r u s .

On c i t ru s  ty p e s  l ik e  Tangor c v . M urcott and Sweet lim e 

c v . H am lin, a tongued a p p ro a ch  g ra ftin g  p ro v e d  to be su ccessfu l 

(T ak ah a r ert a l . , 1981). A ccording to Kim et^ a l . , (1987), top

working O k itsu  E a rly  Satsum a on to H aysh i U nshui t r e e s  on 

T r ifo lia te  organge s to c k , s im ultaneous rep lacem en t of w hole canopy

by b a rk  g ra ftin g  and s id e  g ra ftin g  p ro v e d  m ost su cc e ss fu l and much 

b e t te r  than  s im p le  rep lacem en t of th e  main b ra n c h es  by  b a rk  

g ra f tin g . A w in te r g ra ftin g  p ro c e d u re  in  g reen  house  was d e sc r ib e d  

by  A rslanov (1994) in  th re e  to four month o ld  M ayer lemon

cu ttin g s .

3 .1  E ffect of ro o ts to ck  on th e  su ccess  of g ra ftin g

In v e g e ta tiv e  p ro p ag a tio n  m ethods l ik e  g ra ftin g  and

budd ing , th e  ro o ts to c k s  p la y  an im p o rtan t ro le  in  th e  g ra f t  o r  bud 

union. Only co m p atib le  ro o ts to c k s  form su ccess fu l union. 

Incom patib le  union may s u rv iv e  fo r  some y e a r s  bu t th e y  e v e n tu a lly  

fa il  showing off th e  s ig n s  of in c o m p a tib ility  (H artm ann e t a l . , 

1993). T h is  group may be c a te g o rise d  a s  d e la y e d  in c o m p a tib il i ty . 

Hence, s e le c tio n  of ro o ts to c k  in  g ra ftin g  and budding  s tu d ie s  

assum es utm ost im p o rtan ce .
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Rough lemon and so u r organge p ro v e d  to be th e  most 

outstand ing  among th e  v a rio u s  c i t ru s  ro o ts to c k s  t r i e d  in  a tongued

a p p ro a ch  g ra ftin g  s tu d y . The sc io n s  grew  four to  f iv e  tim e fa s te r

when tongue g ra fte d  on to a v igorous ro o ts to c k  com pared to 

u ng rafted  co n tro ls  (T ak ah a ra  e t  a l . ,  1981)

O t h e r  f r u i t  c ro p s

Popenoe (1920) found th a t  though M angosteen u n ite s  w ith  

about 20 s p e c ie s  of G arc in ia , on ly  a few could be recom m ended as  

p rom ising  s to ck  p la n ts .  Naik (1948) op ined  th a t  g ra f ts  on G arcin ia  

t in c to r ia  ro o ts to c k  a p p e a re d  to  be th e  m ost p rom ising  o n es. T h ay e r 

(1961) show ed th a t  M angosteen could  be su c c e ss fu lly  g ra f te d  on 

G arcin ia  s p ic a ta , G arcin ia  t in c to r ia , R heed ia  a r i s t a  ta  and C lu s ia  

ro s e a . In Mammey a p p le  and Kokam, when th e  sam e s p e c ie s  was

em ployed a s  ro o t s to c k , b e s t  r e s u l t s  w ere o b ta in ed  (A rriag a  and

M aldonal do , 1976 and H adangar e t  aU 1991).

In c u s ta rd  a p p le , s tu d ie s  by Khan and Rao (1953) 

re v e a le d  th a t  Annona re t ic u la ta  could  be more e f f ic ie n tly  em ployed 

a s  ro o t s to ck  th an  c u s ta rd  a p p le  i t s e l f .

T r ia ls  conducted  by  N am biar (1954) in  Sapota show ed

th a t g ra ftin g  on Mimusops h e x an d ra  h ad  made c o n s id e ra b ly  more

grow th  th an  th o se  g ra f te d  on Sapota see d lin g s  th e m se lv e s . Kulwal 

a l . (1985) re v e a le d  th a t  C alcarpum  sap o ta  and Mimusops h ex an d ra
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could be su c c e ss fu lly  u sed  a s  ro o t s to c k s  fo r  S ap o ta . Bhuva ert al_. 

(1990) show ed th a t  when M inusops h e x an d ra  was u sed  a s  ro o ts to ck  

fo r  S apo ta , a maximum of 90 p e r  cen t s u rv iv a l  was o b ta in ed  w ith  

in a rc h ed  g ra f ts .

In Nutmeg, S u n d arra j and V arad a ra jan  (1956) re p o r te d  

th a t 60 p e r  cen t su ccess  was o b ta in ed  when g ra f te d  on M y ris tic a  

m a lab arica  and M y ris tic a  b e d d o m ii. In C love, Eugenia c o rd a ta  and 

Psidium  guajava  w ere found to be p rom ising  ro o ts to c k s  (S riram , 

1977).

Jack  when p ro p ag a ted  on th e  sam e s p e c ie s  and on

A rto ca rp u s  h ir s u ta  ro o ts to c k s  by  in a rc h in g , th e  g row th  on th e

l a t t e r  was p o o r and many of th e  g ra f ts  d r ie d  w ith in  two y e a r s  of

p lan tin g  (kannan and N air, 1960).

3 .2  E ffec t of ro o ts to ck  on th e  v ig o u r and g row th  of scion

The C itru s  ro o t s to ck  scen a rio  in  In d ia  h ad  been

rev iew ed  by Singh (1963); A iyappa  and S r iv a s ta v a  (1967); C hadha 

(1970); A garw al (1982); Randhaw a and  S r iv a s ta v a  (1986) and P a ti l  

(1987).

Rough lemon was found to be th e  b e s t  ro o t s to ck  fo r

Blood re d  Orange (S ingh and S ingh, 1944; S ingh, 1954 and B h u lla r

and N auriya l 1974 and 1975). Being V igorous, Das (1948) c o n s id e re d
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Rough lemon a s  the  b e s t ro o t s to ck  fo r  Sweet O ranges and  M andarin 

and Sour orange n ex t to i t .  In a n o th e r  t r i a l .  Rough lemon p ro v e d  to 

be th e  b e s t ro o t s to ck  fo llow ed by K o d ak ith u li (A iy ap p a , 1967). 

Among 19 ro o ts to c k s  e v a lu a te d , A cid lim e on South A frican  rough 

lemon, Ind ian  rough lemon, T ro y e r and Puthugram an lemon roo t 

s to ck s  p ro v ed  v igorous (Raj e t aJL , 1972).

P la n ts  of Sweet o range show ed th e  h ig h e s t  t r e e  volume on 

Rangpur lim e (C h au d h ari a t  al, 1974). T ree  volume of M ossam bi was 

maximum on Rangpur lim e and Rough lemon fo llow ed b y  K o d ak ith u li 

and C leo p a tra  among 9 ro o ts to c k s  (Haleem 1984). Kinnow on T ro y e r 

c itra n g e  h a d  maximum tr e e  volume fo llow ed by  Rangpur lim e, Rough 

lemon, C leo p a tra  and T r ifo lia te  orange ( J a lik o  a t  a K , 1986) w here  

a s  th e  s tu d ie s  of T ayde and J o sh i (1986) show ed kinnow tre e s  on 

R angpur lim e , J a m b h ir i and K am a k h a tta  w ere v igorous th an  on 

o th e r  t r e e s .

Wan et^ jU . ,  (1991) in  a s tu d y  on th e  p erfo rm ance  of 3 

Pummelo c u l t iv a r s  on d if fe re n t  ro o ts to c k s  found Pummelo o r  Sour 

orange ro o ts to c k s  to  be more v ig o ro u s . M isra and Singh (1991) found 

th a t  sh o o t leng th  was s ig n if ic a n tly  a ffe c ted  by  ro o ts to c k  and  th e  

h ig h e s t  sh o o t len g th  was o b ta in ed  fo r t r e e s  on th e i r  own ro o ts .

3 .3  E ffec t of p r io r  d e fo lia tio n  of sc io n  sh o o ts  on g ra ftin g  su ccess

M aiti and B isw as (1980) r e p o r te d  th a t  in Mango, sc ion  

shoo ts  d e fo lia te d  seven  d a y s  ah ead  of g ra ftin g  o p e ra tio n , w hiie
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s t i l l  a tta c h e d  to th e  m other p la n t gave h ig h e r  p e rcen tag e  of 

su ccess fu l g ra f ts  th an  sc io n s  w ith  in ta c t  le a v e s . In Mango, Singh 

and Singh (1981) suggested  d e fo lia tio n  10 d a y s  p r io r  to g ra ftin g  fo r  

h ig h e s t  su c c e ss . A ccording to  them , 100 p e r  cen t su ccess  was 

o b ta in ed  in  ' i n - s i t u '  so f t wood g ra ftin g  in  Mango by  wedge m ethod 

when th e  sc ions w ere d e fo lia te d  ten  d a y s  p r io r  to  th e  g ra ftin g  

o p e ra tio n . On th e  o th e r  h a n d , Amin (1978) found th a t  th e  su ccess  

in  e s ta b lish m e n t of so f t wood g ra f ts  was le s s  i f  th e  g ra f ts  was 

p re p a re d  using a le a f le s s  b ran ch  re ta in e d  on th e  t r e e  fo r  not le s s  

th an  8 to 10 d a y s  o r  m ore on th e  m other t r e e  and s t i l l  not 

sp ro u te d  on th e  t r e e  i t s e l f .

In wedge g ra ftin g  in  C ashew , sc io n s  w ith  and w ithou t 

d e fo lia tio n  p ro d u ced  a lm ost th e  sam e e ffe c t (B h an d ary  ert a l . ,  1974) 

w h ereas  Nagabhushanam  (1982) r e p o r te d  th a t  fo r  s tone  g ra ftin g  in 

cashew , th e  sc io n  sh o o t s e le c te d  fo r  g ra ftin g  sh o u ld  be d e fo lia te d  

abou t a week b e fo re  g ra f tin g .

3 .4  Seasonal in fluence  on su cce ss fu l g ra f t  u p tak e

E a rly  M arch p ro v e d  th e  m ost s u i ta b le  tim e fo r  g ra ftin g  

T r ifo lia te  orange ro o ts to c k s  grow n in  a n u rse ry  bed in a g reen  

house (Ig u ch i £ t  j d . , 1985). The b e s t  p e r io d  fo r  top  working in  

Satsum a m andarin  and N avel o ranges was from m id -F e b ru a ry  to  e a r ly  

A p ril and th e  s u rv iv a l  was found to be 9 5 .6  to 96 .6  p e r  cen t (L iu 

1992).
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O ther f r u i t  c ro p s

Amin (1978) recom m ended in  s i tu  so f t wood g ra ftin g  in 

mango and  re p o r te d  to be su ccess fu l du ring  M arch -S ep tem eb r. Singh 

and S ree v a s ta v a  (1980) re p o r te d  th a t  th e  b e s t r e s u l ts  in  Mango so ft 

wood g ra ftin g  (84 p e r  cen t) was o b ta in ed  in  J u ly . P a te l and Amin 

(1981) p o in ted  out th a t  g ra ftin g  from th e  3 rd  week of May to 3 rd  

week of August re s u lte d  in  95-100 p e r  cent ta k e . Singh and 

S ree v a s ta v a  (1982) w orked  out v a rio u s  fa c to rs  in fluencing  softw ood 

g ra ftin g  in  Mango and e m p h asised  th e  e ffe c t of season  on th e  

su ccess  of g ra f tin g . T hey found August a s  th e  b e s t  tim e fo r so ft 

wood g ra ftin g  in  Mango (90 p e r  cent su ccess ) fo llow ed by S ep tem ber 

(70 p e r  c e n t) .  Singh e t cH. ,  (1984) found 100 p e r  cen t su ccess  in  

June g ra ftin g  in  Mango. T h is  was fu r th e r  confirm ed  by  th e  finding  

of S rev a s tav a  (1985).

H ighest mean su ccess  (83 .66  p e r  cen t) was o b ta in ed  in 

August and 83 p e r  cent in  A p ril  and 22.2  p e r  cen t in  Decem ber in 

Cashew (Saw ki ert a d .,  1985) Swamy a t a l . , (1990) found th a t

softw ood g ra ftin g  su ccess  in  Cashew  was p o s i t iv e ly  c o r re la te d  w ith  

m onthly minimum te m p e ra tu re , m onthly  mean r e la t iv e  h u m id ity  and 

num ber of ra in y  d a y s  p e r  m onth. Monsoon season  was found to be 

th e  b e s t  p e r io d  fo r com m ercial m u ltip lic a tio n  of cashew  a s  th e  p e r  

centage su ccess  was q u ite  h ig h  (m ore th an  60 p e r  cen t) during  th is  

p e r io d  a s  com pared to o th e r  m onths. In v e s tig a tio n s  by S arad a  a t 

a l . , (1991) re v e a le d  th a t  A ugust, S ep tem ber and Jan u ary  m onths

w ere su ita b le  fo r  so ft wood g ra ftin g  in  C ashew .
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4 . BUDDING

Among th e  v a rio u s  v e g e ta tiv e  m ethods u sed  to p e rp e tu a te  

th e  C itru s , budding  i s  by f a r  th e  most common m ethod p ra c t is e d  

u n iv e rs a lly  in  C itr ic u ltu re .

4 .1  M ethod of Budding

'T ' o r  s h ie ld  budding i s  th e  m ost common and b e s t

m ethod em ployed fo r  p ro p ag a tio n  of C itru s  t r e e s  in  a lm o st a l l  th e

co u n trie s  (R a jp u t and H a rib ab u , 1993).

4 .2  Seasonal u p tak e

The bud u p tak e  h a s  a d i r e c t  re la t io n s h ip  w ith  th e  

in te rn a l p h y s io lo g y  of th e  s to ck  and scion  and h en ce , i f  th e y  a re  

e x te rn a lly  s tim u la ted  th e  p ro c e ss  can be h a s ten ed  b e s id e s

in c reasin g  th e  su ccess  r a t e .  Z ieg le r  and  Wolfe (1961) suggested  th a t  

budding can be done a t  any tim e of th e  y e a r  p ro v id e d  th e re  is

free  flow of s a p , th e  b a rk  r e a d i ly  s l ip s  and dorm ant buds a re

a v a ila b le .

Singh (1957) found th a t  June was a b e t te r  season  fo r

c i t ru s  budding a s  com pared  to th a t  in  M arch, A p r i l ,  S ep tem b er and

O ctober u n d e r s a h a ra n p u r co n d itio n s . On th e  o th e r  h a n d , h ig h e s t  

p e rcen tag e  su ccess  of 83 p e r  cen t was o b ta in ed  in  Kagzi lim e on

C itru s  k a rn a  when th e  budding  was done in  A p ril  a s  com pared  to 

th a t in  any o th e r  month (S ingh , 1979).
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1T ' budding of Sweet Orange V ar. P in e a p p le  on J a t t i  

k h a t t i  ro o ts to c k  in  D elh i con d itio n s  re v e a le d  O ctober a s  th e  b e s t  

month fo r  p e rcen tag e  su ccess  (K u k h erjee  and Singh, 1966). 'T '

budding du ring  M arch -A p ril and O ctober gave th e  p e rcen tag e  su ccess  

of 85 and 80 re s p e c t iv e ly  in  Kinnow m andarin  when bu d d ed  on one 

y e a r  o ld  C itru s  ja m b h ir i  (B h u lla r  e t a d ., 1980). Bud ta k e , bud

sp ro u tin g  and bud s u rv iv a l  w ere  b e s t  in  F e b ru a ry  and Sep tem ber 

budded  p la n ts  of C itru s  k a rn a  (Sen and K apad ia , 1984). Mid 

D ecem ber gave  62.2 p e r  cen t su ccess  in  bud ta k e  in  J a m b h ir i  and 

Rangpur lim e (R akhonde and T ayde 1987).

4 .3  Exogeneous a p p lic a tio n  of g row th  re g u la to rs

P re  trea tm en t of buds w ith  horm ones a lso  a ffe c ts  th e

tim e of bud b u rs t .  H ow ever, th e  use of g ro w th  re g u la to rs

s p e c if ic a l ly  in  budding i s  s c a n ty .

A two fo ld  in c re a se  in  bud b re a k  was found when GA  ̂

a p p lie d  tru n k  was budded  in  C itru s  t r e e s  (Sagee e t a l . 1990).

Sam ish and Gur (1962) experim en tin g  w ith  Avocado 

budding im m ersed  bud wood in  IAA 25 mg 1 fo r 24 h o u rs . T h is  

im proved  th e  ta k e  of bud g ra f ts ,  p a r t ic u la r ly  when o ld e r  roo t

s to c k s  w ere u sed .
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T he roo ting  p a tte rn  in  any c ro p  i s  la rg e ly  governed  by 

th e  anatom y of th e  stem  ( P r ie s t ly  and Sw ingle, 1929; M ah lstede  and 

Watson, 1951; E sau , 1958 and Hartm an et^ a L , 1993). The

d ev elopm en ta l anatom ical changes th a t  occur in  a d v e n titio u s  ro o t 

form ation a re  d e d if fe re n tia tio n , form ation  of ro o t in i t i a l s ,  

sub seq u en t developm ent in to  ro o t p r im o rd ia  and em ergence of th e  

p rim o rd ia  o u tw ards and form ation  of v a sc u la r  connections (H artm an 

e t .  a l . , 1993).

The p re c is e  s i te  of o rig in  o r  g en es is  of a d v e n titio u s

ro o ts  in tr ig u e d  p la n t an a to m ists  fo r  c e n tu r ie s . In woody p e ren n ia l 

p la n ts ,  a d v e n titio u s  ro o ts  u su a lly  o r ig in a te  from liv in g  

parenchym atous c e l l s ,  p r im a r i ly  in  th e  young seco n d ary  ph loem . 

M edullary  r a y s ,  cam bium , le n tic le s  and p i th  h a v e  a lso  been 

re p o r te d  to  g iv e  r i s e  to  a d v e n titio u s  ro o ts  (G inzburg , 1967).

W ithin th e  s p e c ie s  i t s e l f ,  d if f e re n t t is s u e s  can function 

as th e  s i te  of o rig in  of ro o ts .  In C itru s  lim o n , ro o ts  w ere found to 

be o rig in a tin g  from seco n d ary  pho lem , cam bium , p e r ic y c le  and from 

m ed u lla ry  ra y s  in  xylem  (Y adava et_ a l . ,  1968). In k a rn a  K hatta  

(C itru s  k a rn a ) , Kagzi lim e (C . a u ra n tifo l ia ) and Sweet lim e (C .

l im e tt io id e s ) , ro o ts  w ere seen  o rig in a tin g  from any tis su e  from th e  

p e r ic y c le  up to  th e  cambium reg io n  and even  d e e p e r  in  th e  m ed u lla ry

ra y  (Singh and Singh 1968).

5. A natom ical changes during  roo ting  of cu ttin g s
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O rig in  of a d v e n titio n s  ro o ts  was found to be secondary  

phloem  in  a sso c ia tio n  w ith  p e r ic y c le  and cambuim in  M ulberry  

(Y adava et^ aU  , 1966); m ed u lla ry  r a y s  in  V itis  (Ja ck so n , 1988) and 

pholem  parenchym a in  a p p le  (H arbage e t  al^., 1993).

5 .1  Stem s tru c tu re  and rooting

T he in it ia t io n  and developm ent of ro o t in i t i a l s  in  any 

crop  is  la rg e ly  governed  by th e  anatom y of th e  stem  ( P r ie s t ly  and 

Sw ingle, 1929; M alstede  and Watson, 1951; E sau , 1958 and Hartman 

e t . a l . , 1993). A c o rre la tio n  betw een e x te n s iv e  s c le r i f ic a t io n  and

po o r roo ting  of sh o o ts  h a v e  been  re p o r te d  by  s e v e ra l  an a to m is ts .

C iam pi and G ellin i (1958) found th a t  stem  cu ttin g s  of 

O live w ith  con tinous. sc le ren ch y m atic  t is su e  ro o ted  p o o r ly . T hese  

th ic k  w alled  c e l ls  in te r ru p te d  th e  em ergence of a d v e n titio u s  ro o t 

p r im o rd ia . B eakbane (1961) p o in ted  out th a t  sh o o ts  of ' s h y 1 roo ting  

A pple and P e a r t re e s  w ere f re q u e n tly  c h a ra c te r iz e d  by a h ig h  

d eg ree  of s c le r i f ic a t io n .  G e llin i (1964) c o n s id e re d  th e  poor roo ting  

c h a r a c te r is t ic  of m atrue sh o o ts  of F icus c a r ic a  to be re la te d  to 

lig n if ic a tio n  of c e ll  w alls  and form ation  of s c le r e id s  and not 

n e e s s a r i ly  r e la te d  to th e  co n tin u ity  o r  d isc o n tin u ity  of a s c le re n  

chym atous t is s u e .  Sachs a t  ad . ,  (1964) on th e  o th e r  hand  suggested  

th a t  th e  e a se  of roo ting  i s  r e la te d  to  th e  e ase  w ith  w h ich  roo t 

in i t ia l s  a re  form ed and not to th e  r e s t r ic t io n  of d ev e lo p in g  ro o t 

p rim o rd ia  by sc le ren ch y m a.
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R egeneration  o f a d v e n ti tio u s  ro o ts  on c u ttin g s  g re a tly  

depends on th e  m o rp h o lo g ica l, p h y s io lo g ic a l and b iochem ical 

c h a r a c te r is t ic s  of th e  reg en era tin g  o rgan .

The d i r e c t  and in d ir e c t  e ffe c ts  of su c ro se  on in itia tin g  

rooting  h a s  been  confirm ed by  many e x p e r im e n ts . In Populus n ig r a , 

Nanda a t  a l .  (1968) o b se rv ed  th a t  su c ro se  a lone d id  not induce 

ro o tin g , but i t  in c re a se d  th e  e ffe c tiv e n e ss  of a p p lie d  au x in s . 

A rslanov  (1980) re p o r te d  th a t  b re a k  down of su g a rs  and s ta r c h  w ith  

a sim ultaneous in c re a se  in  r e s p ir a t io n  ra te  and r i s e  in  c a ta la se  and 

p e ro x id a se  a c t iv i ty  was o b se rv e d  during  ca llu s in g  and beginning of 

ro o t g row th  in  lemon c u ttin g s .

A d e c re a se  in  th e  c a rb o h y d ra te  con ten t in  cu ttin g s  is  

g en e ra lly  o b se rv ed  during  th e  f i r s t  few d ay s  of th e  roo ting  p e rio d  

[H a iss ig , 1982 and V ierskov  a t  a l . ,  1982]. H ow ever, a ne t

accum ulation of c a rb o h y d ra te s  no rm ally  o ccu rs  u n it l  ro o ts  em erge 

from th e  cu ttin g s  [L o v e ll trt . ,  1974; D avis and  P o tte r ,  1981;

V eierskov  a t  a l . ,  1982 and S p e llen b e rg , 1985). A ccum ulation of

su g ars  and  s ta r c h  in  c u ttin g s  beg ins in  th e  le a v e s , a t  a la te r  po in t 

in  th e  stem  and la s t ly  in  th e  b a se  of th e  cu tting  (H a iss ig , 1982 and 

V eierskov  e t a l . ,  1982).

6 . B iochem ical changes during  rooting
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Ghosh and Basu (1973) o b se rv e d  th a t  c a rb o h y d ra te  le v e ls  

show ed no change during  f i r s t  p h a se  of reg en e ra tio n  of J u s tic ia  

cu ttin g s  bu t th e  c a rb o h y d ra te  le v e l fe l l  in  th e  second s tag e  (0-10 

d a y s)  and th i r d  s tag e  (10-30 d a y s ) .

Basu et_ a l . , (1968) re c o rd e d  th a t  to ta l  n itro g en  in  th e

b a rk  and wood d e c re a se d  during  ro o t fo rm ation . The so lu b le  

n itro g en  ro se  during  p re c a llu s in g  and ca llu sin g  s tag e  b u t f e l l  b e fo re  

ro o t m ergence when th e re  was a n e t s y n th e s is  of p ro te in s .

A balance  betw een c a rb o h y d ra te  and n itro g en  r e s e rv e s  

a p p e a r  to be b e t te r  fo r  ro o t developm en t. Basu (1960) and Sen et^

a l . , (1965) h av e  shown th a t  a h ig h  C/N ra t io  i s  b e n e f ic ia l fo r

roo ting  of c u ttin g s . Stock p la n ts  w ith  low C/N ra t io  p roduce  

c u ttin g s  w ith  low roo ting  p o te n tia l [R e id , 1924 and K noblauch, 

1979].

Though th e  n e t s y n th e s is  of P ro te in s  h a s  been  found to 

fa ll  down during  th e  re g e n e ra tio n  of ro o ts  [B asu e t  a U , 1967 and 

R o y ch o u d h ari, 1971] o b se rv a tio n s  of o th e r  w o rk e rs  p o in ted  out th a t  

p ro te in  s y n th e s is  was a p r e re q u is i te  fo r  ro o t fo rm ation  [K nypyl,

1966 and K am ineck, 1968]. New p ro te in s  w ere s y n th e s is e d  during  

ro o t in it ia tio n  in  Mango cu ttin g s  and in  th o se  p ro te in s ,  c e r ta in

amino a c id s  w ere p re fe re n t ia l ly  in c o rp o ra te d  (B asu et^ al_., 1967).
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So a lso  co n cen tra tio n  of f re e  amino a c id s  l ik e  am in o b u ty ric  a c is ,  

a s p a r t ic  a c is ,  a lan ine  and g lu tan ic  a c id  in c re a se d  from ze ro  to ten 

d a y s . A sp a rtic  a c id  con cen tra tio n  f e l l  betw een 10-30 d a y s  w hile  

th a t  of o th e rs  in c re a se d  fu r th e r .  Leucine, s e r in e  and g ly c in e  w ere 

more a t  10-30 d a y s .

D eterm inations in  ro o ted  cu ttin g s  re v e a le d  th a t  p ro lin e

was th e  most abundan t amino a c id  in  new ly  ro o te d  cu ttin g s  w here  as

in  in ta c t  p la n ts ,  a sp a rg in e  was p redom inen t (S uzuk i, 1982).

H aissig  [1974) suggested  th a t  roo ting  a b i l i ty  was

re f le c te d  in  th e  amino a c id  com position  in  su ch  a way th a t  poor 

ro o te rs  con tained  a r e la t iv e ly  h ig h  con ten t of a rg in in e , h is t id in e

and e s p e c ia l ly  a lp h a  b u ty r ic  a c id .
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MATERIALS AND METHODS

The p re se n t s tu d ie s  on " s ta n d a rd is a tio n  of p ro p ag a tio n  

tech n iq u es  in  B aduvapu li (C itru s  p en n iv ess icu la ta  T a n .)"  was c a r r ie d  

out in  th e  D epartm ent of Pomology and F lo r ic u ltu re , C ollege of 

H o rtic u ltu re ; th e  C en tra l N u rsery  and ARS Mannuthy s i tu a te d  w ith  in 

th e  main cam pus of th e  K era la  A g ric u ltu ra l U n iv e rs ity  from 

S ep tem ber 1993 to August 1995.

1 . CUTTINGS

1 .1  S ta n d a rd isa tio n  of ty p e  of cu ttin g s , horm one and i t s  

concen tra tion

1 .1 .1  P re p a ra tio n  of cu ttin g s

Soft wood, sem ih a rd  wood and h a rd  wood c u ttin g s  of

d iam e te r 1 .5cm , 2 .0  cm and 3 .0  cm, r e s p e c t iv e ly ,  hav ing  3 nodes 

each  w ere p re p a re d .  T he le a v e s  w ere  c lip p e d  from th e  cu ttin g s

p re p a re d .T e n  cu ttin g s  each  w ere p re p a re d  fo r each  ty p e .

1 .1 .2  P re p a ra tio n  of horm ones

IAA, IB A and NAA each  a t  500 mg I- 1 , 1000 mg I- 1 , 1500
-1 -1 mg 1 and 2000 mg 1 was p re p a re d  by  d is so lv in g  2g of th e

grow th  re g u la to r  f i r s t  in  a few ml of a lco h o l and th en  m ade up to

one l i t r e  using doub le  d i s t i l l e d  w a te r . F u r th e r  co n cen tra tio n s  w ere

p re p a re d  by d ilu tin g  th e  s to ck  so lu tio n  w ith  d i s t i l l e d  w a te r .
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1 .1 .3  M ethod of horm one d ip

The p re p a re d  so ft wood, sem i h a rd  wood and h a rd  wood 

cu ttin g s  w ere g iv en  a q u ick  d ip  in  each  of th e  g row th  re g u la to r  

so lu tio n s  fo r 5 m inu tes.

1 .1 .4  P lan ting  of th e  t r e a te d  cu ttin g s

The grow th  re g u la to r  t r e a te d  cu ttin g s  w ere p lan ted  

im m edia te ly  in  a m edia contain ing  s o i l ,  sand  and d r ie d  cowdung in 

eq u a l p ro p o r tio n s  f i l le d  in  p o ts . E ach trea tm en t hav ing  10 cu ttin g s  

was p lan ted  in p o ts  and th e  p o ts  w ere k e p t in s id e  a m ist ch am b er.

1 .1 .5  O b se rv a tio n s  taken

The follow ing o b se rv a tio n s  w ere tak en  a t m onthly

in te rv a ls .

P e rcen tag e  roo ting  

Days to roo t

Number o f ro o ts  p e r  cu tting  

Length of th e  longest ro o t (cm)

Number o f le a v e s  

Number of sh o o ts

1 .1 .6  S ta n d a rd isa tio n  of con cen tra tio n

B ased  on th e  r e s u l ts  g en e ra ted  in  th e  p re lim in a ry  s tu d y , 

th e  range of maximum e ffic ie n cy  of horm ones w ere  id e n t i f ie d .  F in e r 

tre a tm en ts  w ith in  th is  range w ere f ix e d  to id e n tify  th e
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concen tra tion  of horm one y ie ld in g  maximum e ff ic ie n c y . At f i r s t ,  th e
-1

co n cen tra tio n s  t r i e d  w ere, IBA, IAA and NAA each  a t  500 mg 1 ,

-1  -1  -1  1000 mg 1 , 1500 mgl and 2000 mg 1 . The co n cen tra tio n s

fu r th e r  t r i e d  w ere  IAA from 200 mg 1 to  1500 mg 1“1 and IBA

from 1000 mg 1 1 to 2000 mg 1 1 .

1 .1 .7  Synergism /A ntagonism  of horm ones

From th e  abo v e  th re e  p la n t horm ones, com binations of
-1

two g row th  re g u la to rs  a t  500, 1000, 1500 mg 1 , re su ltin g  in  27

tre a tm e n ts , w ere t r i e d  using a l l  th e  th re e  ty p e  of c u ttin g s . Each 

trea tm en t was re p lic a te d  10 tim e s . F u r th e r ,  com binations of h ig h e r  

and lo w er co n cen tra tio n s  w ere  t r i e d  a s  fo llow s:

IBA 1500 + IAA 1000 mg

IBA 2000 + IAA 1000 mg

IBA 2500 + IAA 1000 mg

IBA 1500 + IAA 1100 mg

IBA 2000 + IAA 1100 mg

IBA 2500 + IAA 1100 mg

IBA 1500 + IAA 1200 mg

IBA 2000 + IAA 1200 mg

IBA 2500 + IAA 1200 mg

IBA 1500 + IAA 1300 mg

IBA 2000 + IAA 1300 mg

IBA 2500 + IAA 1300 mg

IBA 1500 + IAA 1400 mg
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IBA 2000 + IAA 1400 mg l -1

IBA 2500 + IAA 1400 mg I-1

IBA 1500 + IAA 1500 mg l " 1

IBA 2000 + IAA 1500 mg I-1

IBA 2500 + IAA 1500 mg I-1

A se le c tio n  was made from th e  in d iv id u a l and  com bination

trea tm en ts  and re p e a te d  on 10 cu ttin g s  each  of so ftw ood , sem i h a rd

wood and h a rd  wood ty p e . The se le c te d  trea tm en ts  w ere  IBA 1800

mg l " 1 , IBA 1900 mg I- 1 , IBA 2500 + IAA 1300 mg I- 1 , IBA 2500 +

IAA 1500 mg I - 1 , IBA 2000 + IAA 1200 mg f 1 , IBA 1500 + IAA 1000

mg 1 1 , IBA 2000 mg I- 1 , IAA 1000 + IBA 10QB mg I- 1 , IAA 1500 +
IBA 1000 mg 1 . NAA 500 + IBA 1500 m8 1~ and NAA 500 + IBA

500 mg 1

1 .2  S tan d a rd isa tio n  of num ber of nodes p e r  cu tting

S ing le , tw o, th r e e ,  fou r and  f iv e  noded cu ttin g s  w ere 

p re p a re d  using so f t wood, sem i h a rd  wood and  h a rd  wood c u ttin g s . 

The p re p a re d  c u ttin g s  w ere tre a te d  w ith  th e  m ost e ffe c t iv e  horm one 

a t  th e  most e f fe c t iv e  co n cen tra tio n  (IBA 1900 mg 1 and k e p t 

in s id e  th e  m isting  u n it .  T he m isting  was g iv en  a t  th e  r a te  of one 

m inute fo r  e v e ry  15 m inu tes. Ten cu ttin g s  w ere p re p a re d  fo r  e v e ry  

trea tm en t.

1 .3  E ffect of m isting

F o u rty  cu ttin g s  each  of th e  softw ood , sem ih a rd  wood and
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h a rd  wood ty p e s  w ere p re p a re d  and g iv en  d ip  in  IBA 1900 mg 1 

Twenty c u ttin g s  each  w ere p la ce d  in s id e  and o u ts id e  th e  m ist 

cham ber in  p o ts .  The num ber of cu ttin g s  ro o ted  and th e  pe rcen tag e  

roo ting  w ere re c o rd e d  a t 2 m onths and 4 m onths a f te r  p la n tin g . The 

m isting  was done a t  th e  r a te  of 1 minute fo r  e v e ry  15 m inu tes.

1 .4  Id en tify in g  th e  b e s t season

The th re e  ty p e s  of cu ttin g s  i . e .  h a rd  wood, sem i h a rd

wood and so ft wood, w ere  p re p a re d  w ith  3 n o d es . They w ere 

tre a te d  w ith  IBA 1900 mg 1 1 and p lan ted  from Jan u a ry  to Decem ber 

and k e p t in s id e  th e  m ist ch am b er. O b se rv a tio n s  on p ercen tag e  

ro o tin g , d a y s  to ro o t, num ber of ro o ts  p e r  cu ttin g , len g th  of th e  

longest ro o t and num ber of le a v e s  w ere made fo r  each  m onth.

1 .5  Leafy Vs L eafless  cu ttin g s

F iv e  noded te rm in a l so f t wood c u ttin g s  w ere p re p a re d

w ith  le a v e s  and t r e a te d  w ith  IBA 1900 mg 1 S im ila r ly  f iv e  noded
-1

le a f le s s  c u ttin g s  w ere p re p a re d  and tr e a te d  w ith  IBA 1900 mg 1 

Both th e  le a fy  and le a f le s s  c u ttin g s  w ere k e p t  in s id e  th e  m ist

ch am b er. O b se rv a tio n s  on num ber of cu ttin g s  ro o te d , num ber of 

p r im a ry  ro o ts , num ber of seco n d a ry  ro o ts , len g th  of th e  longest 

ro o t w ere r e c o rd e d . Tw enty cu ttin g s  each  w ere p la n te d  and  th is

was re c o rd e d  during  June, Ju ly  and August.
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1 .6  B an d in g /E tio la tio n  on roo ting  of cu ttin g s

Soft wood, sem i h a rd  wood and h a rd  wood p a r t  of 50 

long sh o o ts  w ere made f re e  of le av e s  and th o rn s . T hese  sh o o ts  

w ere co v ered  w ith  Aluminium fo il and tie d  f irm ly  using th in  c o ir .  

T hese sh o o ts  w ere cu t 15, 30 and 45 d a y s  a f te r  banding  p ro c e d u re . 

A fte r cu tting  th e  sh o o ts , th e y  w ere p re p a re d  to 3 node cu ttin g s  of 

so ft wood, sem i h a rd  wood and h a rd  wood. Ten c u ttin g s  of each  

ty p e  w ere tre a te d  w ith  IBA 1900 mg 1 1 by  q u ick  d ip  fo r  5 m inutes 

and w ere p la n te d  and re ta in e d  in s id e  th e  m ist ch am b er. 

O b se rv a tio n s  on p e rcen tag e  ro o tin g , d a y s  to ro o t, num ber of ro o ts  

and leng th  of th e  longest ro o t w ere re c o rd e d .

1 .7  S u rv iv a l of cu ttin g s

Rooted cu ttin g s  w ere s e p a ra te d  from th e  p o ts  c a re fu l ly , 

w ithout in ju rin g  th e  ro o ts , two m onths a f te r  a p p lic a tio n  of 

tre a tm e n t. T hey  w ere re p la n te d  in  p o ly th en e  bags f i l le d  w ith  s o i l ,  

sand  and d r ie d  cowdung in  eq u al p ro p o r tio n s . The bagged p la n ts  

w ere in i t i a l ly  re ta in e d  in s id e  th e  m is t ch am b er fo r  a  week and 

then  th e y  w ere t r a n s fe r re d  to  th e  f i e ld .  The p e rcen tag e  s u rv iv a l  of 

th e  cu ttin g s  was o b se rv e d  a t  two s tag e s  -  two m onths and s ix  

m onths a f te r  p lan tin g . T h is  was done in  Ju n e -Ju ly  and re p e a te d  in 

A ugust-S ep tem ber, O ctober-N ovem ber, Decem b e r - J a n u a ry , F e b ru a ry -  

M arch and A p ril-M ay .
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2 . LAYERING

2 .1  M ethod of lay erin g

S tra ig h t, h e a lth y  and uniform  sh o o ts  w ere se le c te d  on a 

m other t r e e .  A ring  of b a rk  of 2-5 cm w id th  was com ple te ly  

rem oved w ithout damaging th e  tis su e s  b en ea th . At the  m idd le  

p o rtio n  of th e  rin g ed  a re a ,  a knot was made w ith  a gunny th re a d .  

The rin g ed  reg ion  was co v ered  w ith  a m edia and w rap p ed  t ig h tly  

using a tra n s p a re n t p o ly th e n e  s h e e t .  The two en d s  w ere t ie d  firm ly  

using gunny th re a d .

2 .2  Id e n tif ic a tio n  of m ost re sp o n s iv e  shoo t o r  wood

L ayering  was done on so ft wood, sem i h a rd  wood and 

h a rd  wood p o rtio n s  of h e a lth y  sh o o ts . F o r each  ty p e  of wood, 10 

sh o o ts  w ere la y e r e d .  T he s iz e  of sh o o ts  s e le c te d  w ere 1 .5  cm fo r 

so ft wood, 2 .0  cm fo r  sem i h a rd  wood and 3 .0  cm in  d ia m e te r  fo r 

h a rd  wood. The m ost re sp o n s iv e  wood was id e n tif ie d  based  on 

e ffic ien cy  of la y e r s  to s t r ik e  ro o ts .  O b se rv a tio n s  w ere tak en  on 

p e rcen tag e  ro o tin g , d a y s  to  ro o t, num ber of ro o ts  p ro d u c e d , leng th  

of th e  longest ro o t, f r e s h  w eight of ro o ts  and d ry  w eight of ro o ts .

2 .3  S ta n d a rd isa tio n  of m ost s u i ta b le  m edia fo r  rooting

L ayering  was done on so f t wood, sem i h a rd  wood and 

h a rd  wood p o rtio n s  of sh o o ts  using fou r d if fe re n t m edia nam ely
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sphagnum m oss, r e t te d  coconut f ib r e ,  c o ir  d u s t and saw d u s t. 

T reatm ents w ere t r i e d  on 10 sh o o ts  each  and o b se rv a tio n s  w ere

taken  on roo ting  e ff ic ie n c y , q u a n ti ta tiv e  and q u a l i ta t iv e  a sp e c ts  of 

roo ting  m edia .

2 .4  S ta n d a rd isa tio n  of horm one.

A fte r ringing  of a l l  th e  th re e  ty p e s  of sh o o ts , g row th

re g u la to r  was a p p lie d  a t  th e  u p p e r  end of th e  ring  and co v ered  

w ith  coconut f ib r e  w hich was found to  be th e  b e s t  m edia . The 

grow th  re g u la to rs  w ere a p p lie d  in pow der form using ta lc  and 

p a s te  form using petro leum  j e l ly .  A fte r covering  w ith  m ed ia , i t  was 

w rapped  w ith  p o ly th e n e  film  and end sec u re d  w ith  gunny th re a d .  

Ten sh o o ts  each  w ere la y e re d  fo r each  g row th  re g u la to r  trea tm en t

and the  same o b se rv a tio n s  w ere re c o rd e d .

2 .4 .1  P re p a ra tio n  of horm one

IBA, IAA and NAA w ere used  fo r la y e r in g . The
-1  -1  -1  concen tra tions t r i e d  w ere 100 mg 1 , 250 mg 1 , 500 mg 1 and

2000 mg 1 fo r e ach  of th e  horm one. C om bination tre a tm e n ts  w ere

a lso  done w ith  two g row th  re g u la to rs  each  in  a l l  p o s s ib le

com binations. F o r p re p a ra t io n  of horm one, th e  r e q u ire d  amount of

th e  horm one was f i r s t  d is so lv e d  in  a few d ro p s  of a lco h o l and th en

m ixed un iform ly  w ith  petro leum  je l ly .  The same was done by

m ixing w ith  ta lc  a ls o .
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2 .5  Id e n tif ic a tio n  of th e  m ost s u i ta b le  season

L ayering  was done a t  m onthly in te rv a ls  w ith  a l l  th e  four 

m edia in  a l l  th e  th re e  ty p e s  of sh o o ts . The tre a tm en ts  w ere done 

on 10 sh o o ts  e ach . O b se rv a tio n s  w ere taken  fo r each  month 

reg a rd in g  th e  p e rcen tag e  of ro o tin g , num ber of ro o ts  p e r  la y e r ,  

leng th  of th e  longest ro o t, f re s h  w eigh t and d ry  w eight of th e  

ro o ts .

2 .6  Banding and lay erin g

As in  th e  case  of c u ttin g s , banding of sh o o ts  w ere done. 

H ere, on ly  th e  a re a  to be  la y e re d  w ere b an d ed . Soft wood, sem i 

h a rd  wood and h a rd  wood p o rtio n s  on h e a lth y  sh o o ts  w ere co vered  

w ith  a p ie ce  of Aluminium fo il and b o th  ends secu red  t ig h tly . 

L ayering  was done a t  th e  banded  p o rtio n s  a t  15, 30, 45, 60, 75 and 

90 d a y s  in te rv a ls  a f te r  banding . The tre a tm e n ts  w ere t r ie d  on 10 

sh o o ts  e ac h . S im ultaneously , 10 sh o o ts  each  of so ft wood, sem i 

h a rd  wood and h a rd  wood w ere a lso  la y e re d  w ithou t any banding 

and  a l l  o b se rv a tio n s  re c o rd e d .

2 .7  Banding 6 Ringing

T he a re a  o f la y e rin g  was banded  fo r 45 d a y s  and  th a t 

a re a  was r in g e d  (b a rk  rem oved a s  a rin g ) fo r  each  ty p e  of wood. 

L ayering  was done on th o se  rin g e d  p o rtio n s  a t  3 in te rv a ls  ie .  5 

d a y s , 10 d a y s  and 15 d a y s  of r in g in g . Each tre a tm e n t w as done on 

10 sh o o ts  each  and a l l  o b se rv a tio n s  on roo ting  re c o rd e d .
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2 .8  S u rv iv a l of la y e r s

S uccessfu l la y e r s  w ere  s e p a ra te d  from th e  m other p lan t 

a f te r  2 m onths when a l l  th e  ro o ts  h av e  em erged and w ere c le a r ly  

v is ib le  th ro g h  th e  p o ly th en e  s h e e t .  The s e p a ra te d  la y e r s  w ere  then  

im m edia te ly  p lan ted  in  p o ly th en e  bag f i l le d  w ith  san d , so il  and 

d r ie d  cowdung in  eq u a l p ro p o r tio n s . They w ere k e p t in  sh ad e  fo r 

15 d a y s  and th en  k e p t u n d e r open f ie ld  co n d itio n s . The pe rcen tag e  

e s ta b lish m e n t re c o rd e d  a t  3 m onths and 6 m onths a f te r  p lan tin g . 

T h is  p lan tin g  was done in  a l l  months in  a c a le n d a r  y e a r  and 

o b se rv a tio n s  on roo ting  re c o rd e d  a t  th e  abo v e  tim in g s.

3. GRAFTING

3 .1  M ethod of so ft wood g ra ftin g

One y e a r  o ld  s to ck  p la n ts  w re r a is e d  and m ain tained  in 

the  n u rs e ry .  F if te en  to tw enty  cm long young te rm in a l sh o o ts  of 3 

m onths age w ere cu t and used  a s  sc io n  (P la te  1 ) .  The le a fy  p o rtio n  

of th e  s to ck  was cut a t  10-15 cm from th e  b a se . A V -sh ap ed  cut 

was m ade a t th e  top  of th e  p re p a re d  s to ck  (P la te  2 ) .  The b a se  of 

the  scion  was made in to  th e  sh ap e  of a wedge (P la te  2 ) .  The 

wedge sh ap e d  sc io n  was in s e r te d  in to  th e  s to ck  and w rapped  firm ly  

w ith  a p o ly th en e  s t r ip  (P la te s  3 Q 4 ) .  The g ra f te d  p la n ts  w ere 

p laced  in  a m ist ch am ber fo r  abou t one month (20-30 d a y s )  and 

la te r  t ra n s fe r re d  to s h a d e .



P la te  No. 1 
Root s to ck  and sc io n  re a d y  fo r  g ra ftin g





P la te  No. 2

sh ap ed  cut made a t th e  top of ro o t s to ck  an 4  bottom  of sc io n  p re p a re d  in

th e  sh a p e  of a wedge





P la te  No. 3 

Scion in s e r te d  in to  ro o t s to ck





P la te  No. 4

Root s to ck  and scion  t ie d  f irm ly  w ith  a p o ly th en e  s t r i p
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3.2 Id en ti f ica t io n  of most su i ta b le  roo t s tock

Four roo t s to ck s  were s tu d ie d  to find  th e  most 

a p p ro p r ia te  roo t s to ck  fo r  B aduvapu li .  The ro o ts to c k s  t r i e d  were lh 

y e a r  o ld  s eed lin g s  of Rough lemon (C itru s  j a m b h i r i ) Rangpur lim e 

(C itru s  lim on ia ) ,  Acid lim e (C itru s  a u ra n t i fo l ia ) and Malta lemon 

(C itru s  l im o n ) . Twenty roo t s to c k s  of each  ty p e  were g ra f te d  w ith  

th e  young sc ion  c o l le c te d  from B aduvapu li .  The pe rcen tage  success  

and s u rv iv a l  were found out fo r  th e  d i f fe re n t  roo t s to c k s .

3 .3  Vigour and grow th  of scion

To com pare th e  e f fe c ts  of roo t s to ck s  on th e  v igour and 

grow th  of sc ion , 10 g ra f t s  each  were made on a l l  th e  four root 

s to c k s .  O b se rv a tio n s  were taken  on the  to ta l  h e ig h t ,  g i r t h  of s tock  

and g i r th  of sc ion . The o b se rv a t io n s  were taken  a t  monthly 

in te r v a l s  fo r  6 m onths.

3 .4  S tan d a rd is in g  p recu ring  techn iques

On th e  m other p la n t ,  50 young te rm ina l sh o o ts  were 

s e le c ted  a s  sc ion  m a te r ia l .  They were d e fo l ia te d  and tagged . Ten 

sh o o ts  of each  of th e s e  w ere  s e p a ra te d  a t  5, 10, 15, 20 and 25 

d a y s  a f t e r  tagging and were g ra f te d  on to Rangpur lim e roo t s to c k s .  

S im ultaneously , an o th e r  10 sh o o ts  w ere  a lso  d e fo l ia te d  a t  th e  time 

of g ra f t ing  and g ra f te d  on to rough lemon. T h is  was done in  June, 

Ju ly  and August and c o m p ar i t iv e  e f fe c ts  w ere  an a ly se d  on th e  b a s is  

of pe rcen tage  s u r v iv a l .
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3.5  Seasonal e ffec t  on g ra f t  union

Grafting was done a t  m onthly  in te r v a l s  from Jan u a ry  to 

August w ith  Rangpur lim e a s  th e  ro o t s to c k .  Ten g r a f t s  w ere  made 

e v e r y  month using Rangpur lim e roo t s to c k .  O b se rv a tio n s  were made 

on the  p e rcen tage  su ccess .

4 . BUDDING

Among th e  d i f f e r e n t  v e g e ta t iv e  m ethods t r i e d ,  budding is  

th e  most common one p ra c t i s e d  w orld  w ide  in  c i t r u s .

4 .1  S tan d a rd isa t io n  of ty p e  of budding

T -b u d d in g , c h ip -b u d d in g  and P a tch  budding w ere  t r i e d  in 

B aduvapu li .

4 .1 .1  T -budding

One y e a r  o ld  rough lemon and Malta lemon see d l in g s  were

ra is e d  and m aintained in th e  n u r s e ry .  T -budd ing  were done on 20

rough lemon and 20 Malta s ee d l in g s  w ith  buds  taken  from

B aduvapu li .

4 .1 .1  P re p a ra t io n  of s tock

A v e r t i c a l  cut of abou t 2 .5  cm long was made in  th e  

s tock  f i r s t  w ith  a s h a r p  k n ife .  Then a h o r iz o n ta l  cut was made
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about one t h i r d  th e  d is ta n c e  around the  s to c k .  The kn ife  was

s l ig h t ly  tw is te d  to open th e  two f la p s  of b a rk .

4 .1 .1 .2  P re p a ra t io n  of sc io n /b u d

S ta r t ing  about 1 .2  cm below th e  b u d , a s l ic in g  cut was

made under  and about 2 .5  cm beyond th e  bud. About 2 cm above  

th e  bud , a h o r iz o n ta l  cu t was g iven  th rough  th e  b a rk  and in to  th e  

wood p erm itt ing  the  rem oval of th e  bud p iece .

The bud was in s e r te d  by  pushing  i t  downward u n d e r  the  

two f la p s  of b a rk  u n ti l  th e  h o r iz o n ta l  cu ts  on th e  bud and s tock  

were e v en . The bud union was th e n  t ig h t ly  t r i e d  w ith  a p o ly th en e  

s t r i p  w ith  th e  bud ex p o sed  ou t.  The budded  p la n ts  were then  k e p t  

in s id e  a m ist cham b er.

4 .1 .2  C hip  budding

One y e a r  o ld  rough lemon and Malta see d l in g s  were

ra i s e d  and m aintained in  the  n u r s e r y .  C hip  budding was done on 20

rough lemon and 20 m alta  see d l in g s  w ith  buds  taken  from 

B aduvapu li .

4 .1 .2 .1  P re p a ra t io n  of s tock

A cu t was g iven  a t  45° angle  about one q u a r te r  th rough  

the  s to c k .  About 2 .5  cm above  the  f i r s t  cu t,  a second cut was 

made going downward and inw ard  u n t i l  i t  connects w ith  th e  f i r s t  

cut.
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4 .1 .2 .2  P re p a ra t io n  of bud

The cu ts  removing th e  bud from th e  bud shoot were made 

ju s t  a s  th o se  in  th e  s to c k .  The low er cut was g iv en  about 0.5cm 

below the  bud . The second cu t was given  about 1 .2  cm above  th e  

bud coming downward beh ind  the  bud and connecting w ith  th e  f i r s t  

bud , thus  perm itt ing  th e  rem oval of th e  bud p iece  w ith  a p iece  of 

wood.

The p re p a re d  bud was in s e r te d  into th e  s to ck  and f in a l ly  

w rapped  w ith  a s t r i p  of p o ly th e n e .  The budded  p la n ts  w ere  then  

p laced  in s id e  th e  m ist ch am b er .  O b se rv t io n s  w ere made on the  

pe rcen tage  of bud u p ta k e .

4 .1 .3  P a tch  budding

4 .1 .3 .1  P re p a ra t io n  of s tock

Two v e r t i c a l  cu ts  of 2 .5  cm long were made u p w ard s .  

Then two c ro s s  cu ts  were made connecting th e  two v e r t i c a l  c u ts .

The b a rk  was th u s  rem oved in  th e  form of re c tan g u la r  p a tc h .

4 .1 .3 .2  P re p a ra t io n  of bud

The bud was rem oved  from th e  shoot in  th e  form of a

p a tch  of b a rk  w ith  the  bud in  th e  c e n tre .

The bud was then  in s e r te d  in to  th e  s to ck  and w rapped

w ith  a p o ly th en e  s t r i p .  The budded  p la n ts  w ere  p la ce d  in s id e  th e

m ist cham ber and o b s e rv e d  fo r  th e  p e rcen tag e  su cc e ss .
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4.2  Seasonal up take

T he budding p ro ce d u re  was re p e a te d  in O ctober ,  January  

and March w ith  d i f f e re n t  roo t s to c k s .  The pe rcen tage  bud u p tak e  

was n o tic ed .

4 .3 Age of bud

T -budding  and c h ip  budding were done on 20 rough lemon 

seed lin g s  of 1 y e a r  w ith  m ature buds (b u d s  from p re v io u s  season) 

and  young buds  (b u d s  from c u r re n t  s ea so n ) .  The m ature  buds  were 

c o l le c ted  from th e  h a rd  wood region w ith  l e s s  th o rn s  and young 

buds c o l lec ted  from th e  so f t  wood reg io n s .  The budded  p la n ts  were 

p la ce d  in m ist ch am b er .

4 .4  Hormone trea tm ent of the  buds
*■*1 *1 »  

GA was p re p a re d  a t  1 mg 1 , 3 mg 1 and  5 mg 1 \

Ten buds p re p a re d  each  were given trea tm ent w ith  th e  3

concne tra tion  of GA fo r  30 m inutes and then budded  on to rough

lemon by c h ip  budding and T budd ing . The budded  p lan ts  were

then  k e p t  in s id e  m ist ch am b er .  The percentage bud u p tak e  was

o b s e rv e d .

5 ANATOMICAL STUDIES
5.1  C uttings

Soft wood, sem i h a r d  wood and hard  wood cu ttings  wit!

3 nodes  w hich  were p la n te d  in  p o ts  filled with s a n d ,  s o i l  an 

d r i e d  cowdung in  equal p ro p o r t io n s  form ed the material fo r  s tu d y .
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Hand sec tions  made d a i ly  from base  of cu tt in g s  from 

10th day  of p lan ting  onw ards

1
Saffran in  s ta in  p re p a re d  by d is so lv in g  1 ml in  5ml of w ater

I
Sections k e p t  in  s ta in  fo r  2 minutes

I
Washed in w ater fo r  1 minute

V'
Section mounted in  g ly c e r in  on a g la s s  s l i d e  and 

c o v ered  w ith  a c o v e r  s l ip

Section o b s e rv e d  th ro u g h  a l ig h t  m icroscope

The p h o to m ic ro g rap h s  were made using a m icroscope 

(Model Leitz  Biomed Leic w ild  MPS 28/32) a t  m agnification  of 4x ,  

lOx o r  lOOx fo r  d i f f e r e n t  s e c t io n s .  T he sec tio n s  were o b s e rv e d  from 

10th day  onw ards d a i ly  upto  f ina l  s tag e  of em ergence to f ind  out 

th e  anatom ical changes during  ro o ting .

5.2 Grafting

Soft wood g ra f ting  was done on four d i f f e r e n t  ro o ts to ck s  

v iz  Rough lemon, Rangpur l im e, Malta and Acid l im e . C om patib le  

and in com pa tib le  g r a f t s  were id e n t i f i e d .  The g ra f t  union from bo th
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com patib le  and incom patib le  g ra f t s  were cut and s e p a ra te d  to s tu d y  

the  anatom ical b a s is  of c o m p a t ib i l i ty  o r  in c o m p a t ib i l i ty .  The hand 

sec tio n s  were made from th e  region  of g ra f t  union using th e  same

p ro ce d u re  a s  in  cu tt in g s  g iven  above  and m ic ro p h o to g rap h s  taken .

6 . BIOCHEMICAL STUDIES

P r i l im in a ry  anatom ical s tu d ie s  were  made to a s c e r ta in  th e  

a p p ro x im a te  time of v a r io u s  s tag es  of ro o ting . Based on t h i s ,  

b iochem ical s tu d ie s  were done a t  the  time of p lan tin g ,  15 d a y s  

a f te r  p lan ting  (a t  th e  time of ro o t  in i t ia t io n )  18 d a y s  a f t e r  p lan ting  

(a t  the  time of root p r im o rd ia  form ation) and 22 d a y s  a f t e r  

p lan ting  (a t  ro o t  em ergence) of c u t t in g s .  T h is  was done fo r  each  of 

so ft wood, sem i h a r d  wood and h a r d  wood c u t t in g s .  Leaf sam ples  

(2nd and 3 rd  le av e s  from t ip )  were  used  a t  th e  tim e of p lan ting  

and a t  ro o t emergence w hile  stem b a se  were used  a t  a l l  the  4

s tag es .

6 .1  S ta rch

The s t a r c h  es tim atio n  in  le a v e s  and b a se  of stem ( l-2 cm ) 

were c a r r i e d  out by Acid h y d r o ly s i s  (M cCreddy <H., 1958) a t

the  time of p lan tin g ,  15, 18 and 22 d a y s  a f t e r  p lan ting  using 

softwood, semi h a r d  wood and h a rd  wood cu tt in g s .
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6.2 C a rb o h y d ra te s

The to ta l  c a r b o h y d ra te s  p re s e n t  in  th e  le a v e s  and base  

of stem were an a ly se d  by  Anthrone method (Dubois a t  al^., 1951). 

T h is  was done a t  th e  time of p lan tin g ,  15, 18 and 22 d a y s  a f te r  

p lan ting  using softw ood, sem ih ard  wood and h a rd  wood cu tt in g s .

6.3 Total N itrogen

E stim ation  of to ta l  N itrogen was done in  le a v e s  and base  

of stem by M icro k je ld h a l  method (Jack so n , 1973). T h is  was a lso  

done a t  th e  time of p lan tin g ,  15, 18 and 22 d a y s  a f t e r  p lan ting  

using softw ood, sem ih ard  wood and h a rd  wood cu tt in g s .

6 .4  P ro te in

From th e  to ta l  N con ten t, th e  p ro te in  content in  the  

le av e s  and b a se  of stem were found out by  m ultip ly ing  N content by 

6.25 (Simpson ert a l . ,  1965).

6 .5  Amino a c id s

T he amino a c id  content in  th e  le av e s  and stem b ase  of 

the  cu tting  were an a ly sed  by p a p e r  ch ro m ato g rap h y  a t  th e  tim e of 

p lan tin g ,  15,18 and  22 d a y s  a f t e r  p lan ting  of th e  cu tt in g s .  T h is  was 

done fo r  each  of softw ood, s em ih ard  wood and h a rd  wood.

6 .5 .1  P a p e r  ch rom atography
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6 .5 .1 .1 .  P re p a ra t io n  of so lven t

The so lv en t  was p r e p a r e d  by  mixing Butanol, w a ter  and 

Acetic a c id  in the  r a t io  4 :1 :5 .  The so lv en t  was poured  in to  th e  

t r a y  in s id e  th e  cham ber.

6 .5 .1 .2  P re p a ra t io n  of p a p e r  s t r i p s

Whatmann N o .l  f i l t e r  p a p e r  was cu t in to  s t r i p s  of 3 .5  cm

w id th .

6 .5 .1 .3  P re p a ra t io n  of s ta n d a rd  amino a c id s

10 mg each  of th e  24 amino a c id s  w ere  weighed and 

d is so lv e d  in  5 ml of 10% iso  p ropano l.

6 .5 .1 .4  P re p a ra t io n  of p lan t  sam ples

The p la n t  sam ples  ( le a v e s  and stem b a se s )  were  ground 

w ith  5ml of 10% Isopropano l using a m o rta r  and p e s t l e .  The ground 

sam ples  w ere  cen tr ifuged  fo r  20 m inutes. The s u p e m a te n t  were then  

c o llec ted  in  g la s s  v ia l s .

6 .5 .1 .5  Spotting of s ta n d a rd  amino a c id  and p lan t sam ples

Each of the  s ta n d a rd  amino a c id s  (24) and the  p lan t

sam ples  re p re se n t in g  each  s tag e  of rooting  were s p o t te d  on to th e  

f i l t e r  p a p e r  s t r i p s  p r e p a r e d  using a fine  c a p i l l a r y  tube a t  a 

d is ta n ce  of 2 cm from th e  t ip  of th e  s t r i p s .  I t  was then  d r ie d

using a h a i r  d r i e r .  Spotting was done 5 tim es on each  s t r i p .
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The s t r i p s  were th en  hung to a ro d  using c l ip s  and th e

rod  f ix ed  in s id e  the  cham ber w ith the  s t r i p s  ju s t  touching th e

so lven t in  th e  t r a y .  A fte r  10 h o u rs ,  th e  s t r i p s  w ere  taken  out and 

a i r  d r ie d  fo r  15 m inutes. The d is ta n ce  t r a v e l le d  by so lv en t  was

m ark ed . F r e s h  N inydrin  0.1% was s p ra y e d  on to th e  s t r i p s  from t ip

upw ards  using a hand s p r a y e r .  The s t r i p s  were then  d r i e d  in s id e  a

ch rom atog raphy  oven a t  90°C fo r  30 m inutes. The s t r i p s  w ere  then  

taken  out and a i r  d r i e d .

The p u rp le  co loured  s p o ts  in  th e  s t r i p s  were m arked  and

th e  d is ta n c e  t r a v e l le d  b y  e ach  amino a c id  w ere  m arked  fo r  the

s ta n d a rd  a c id  in the  sam ple  s t r i p s .

The Rf value  was ca lcu la ted  by the  following formula 

Rf va lue  = D istance t r a v e l le d  by the  Amino a c id

D istance t r a v e l le d  by  the  so lv en t

The Rf v a lu es  o b ta in ed  fo r  each  sam ple  s t r i p  were  then  

com pared w ith  th e  Rf va lue  fo r  s ta n d a rd  amino a c id s .  The amino 

a c id s  w ere  th u s  id e n t i f i e d .

7 . STATISTICAL ANALYSIS

The da ta  on d i f fe re n t  a s p e c ts  of p ropaga tion  th rough 

cu tt in g s ,  lay e r in g  and g ra f t in g  were a n a ly ed  using ANOVA techn ique
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for s p l i t  p lo t  techn ique  in CRD. The da ta  were  transfo rm ed  

a p p r o p r ia te ly  b e fo re  a n a ly s i s .  The e f fe c t  of m isting was an a ly sed  

using X2 tech n iq u e .



RESULTS



RESULTS

The r e s u l t s  of the  s tu d y  on " s ta n d a rd is a t io n  of 

p ropaga tion  techn iques  in B aduvapuli"  a r e  s e q u e n t ia l ly  p re se n te d  

below.

1 .CUTTINGS

1 .1 .  S tan d a rd isa t io n  of ty p e  of cu tt ing , hormone and i t s  

concen tra tion

Data on th e  e ffec t  of ty p e  of wood on pe rcen tage  of 

rooting i s  p re sen te d  in  ta b le s  1 ,2 ,3  and 4. Though so f t  wood 

cu tt ings  gave h ig h e r  pe rcen tage  of rooting  a t  w id e r  concen tra tions ;  

h a rd  wood cu tt ings  p e rfo rm ed  b e t t e r  when in te rm ed ia te  

concen tra tions  and com binations were t r i e d .  E a r ly  rooting was 

o b s e rv ed  in so ft  wood cu tt ings  but th e  e ffec t  was not s ig n if ic a n t .

1 .1 .1  P ercen tage  of rooting

The da ta  of the  p re l im in a ry  t r i a l  using w ider

concen tra tion  of p lan t  hormones a r e  p re se n te d  in  ta b le  1. The d a ta

c le a r ly  r e v e a ls  th a t  IBA a t  1500 mgl 1 gave  th e  h ig h e s t  rooting
-1

p e rcen tage  (4 3 .3 )  w hich was on p a r  w ith  IBA 2000 mgl (30) and 

s ig n if ic a n t ly  s u p e r io r  to o th e r  t re a tm e n ts .  The r e s u l t s  of f u r th e r  

s tu d ie s  using narrow  range of concen tra tions  of th e  e f fe c t iv e  g row th  

re g u la to rs  (IBA and IAA) a re  g iven  in  T ab le  2 w hich in d ic a te  th a t
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TABLE -  1

EFFECT OF GROWTH REGULATORS ON PERCENTAGE ROOTING AND DAYS TO ROOTING OF CUTTINGS

Treatm ents  
(mg i " 1 )

Soft Wood Semi h a r d wood Hard wood Mean
%

rooting
Days 
to roo t

%
rooting

Days 
to roo t

%
rooting

Days 
to roo t

%
rooting

+

Days
to root 

++

IAA 500 10 26 10 31 20 33 13 .3 3 (0 .37 ) 30(5.52)

IAA 1000 20 27 20 31 20 35 20(0 .46) 31(5.61)

IAA 1500 0 - 20 32 0 - 8 .3 3 (0 .2 6 ) 10 .7 (2 .3 7 )

IAA 2000 20 28 0 - 10 34 1 0 .8 (0 .3 1 ) 20 .67(3 .97)

IBA 500 20 28 10 30 10 32 1 3 .3 (0 .3 7 ) 30(5.52)

IBA 1000 0 - 10 30 20 32 1 0 .8 (0 .3 1 ) 20 .67(3 .98)

IBA 1500 50 25 40 31 40 30 4 3 .3 (0 .7 2 ) 28 .67(5 .39)

IBA 2000 50 25 20 32 20 30 30(0 .57) 29(5.42)

NAA 500 20 27 10 32 0 - 1 0 .8 (0 .3 1 ) 19 .67(3 .88)

NAA 1000 0 - 20 32 0 - 8 .3 3 (0 .2 6 ) 10.67(2 .372)

NAA 1500 0 - 0 - 0 - 0(0 .16 ) -

NAA 2000 0 - 0 - 0 - 0 (0 .1 6 ) -

Mean 17.08 17.83 14.17 23.42 12.92 18.83

CD (0 .05) fo r  grow th reg u la to r  -  % rooting  -  0 .124 , Days to roo t -  1 .56 
F ig u re s  in  p a ra n th e s is  show s t ran sfo rm ed  v a lu e s  
+ Angular transfo rm ation  
++ Square  ro o t  transform ation
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TABLE -  2

E F F EC T  OF GROWTH RBGOLATORS ON PERCENTAGE ROOTING AND DAYS TO ROUTING OF C U n ' I N G S

S o f t  Wood Sem 1 h a r d  w o o d H a r d  w o o d Me an

T r e a t m e n t s % D a y s 1s D a y s % D a y s Ts D a y s

( m g  l ' 1 ) r o o t i n g to  r o o t r o o t i n g to  r o o t r o o t i n g to  r o o t r o o t i n g to r o o t
+ + +

IAA 2 0 0 0 - 0 - 20 3 0 8 . 3 3 ( 0 . 2 6 ) 1 0 ( 2 . 3 1 )

IAA 3 0 0 0 - 0 - 20 30 8 . 3 3 ( 0 . 2 6 ) 1 0 ( 2 . 3 1 )

I AA 4 0 0 0 - 0 - 20 3 0 8 . 3 3 ( 0 . 2 6 ) 1 0 ( 2 . 3 1 )

IAA 5 0 0 0 - 0 - 10 30 5 ( 0 . 2 1 ) 1 0 ( . 2 3 1 )

IAA 6 0 0 0 - 0 - 20 30 0 . 3 3 ( 0 . 2 6 ) 1 0 . ( 2 . 3 1 )

IAA 7 00 0 - 0 - 20 30 0 . 3 3 ( 0 . 2 6 ) 1 0 ( 2 . 3 1 )

I AA 8 00 10 25 10 3 0 2 0 30 1 0 . 0 ( 0 . 3 2 ) 2 0 . 3 ( 5 . 3 7 )

I AA 9 0 0 10 26 1 0 - 20 30 1 0 . 0 ( 0 . 3 2 ) 1 0 . 6 7 ( 3 . 7 9 )

I AA 1 0 0 0 0 - 10 32 20 30 1 0 . 8 ( 0 . 4 ) 2 0 . 6 7 ( 3 . 9 0 )

I AA 1 1 0 0 0 - 20 35 3 0 3 0 1 7 . 5 ( 0 . 3 6 ) 2 1 . 6 7 ( 4 . 0 6 )

IAA 1 2 0 0 0 - 20 35 20 3 0 1 4 . 1 7 ( 0 . 4 ) 2 1 . 6 7 ( 4 . 0 6 )

IAA 1 3 0 0 0 - 3 0 35 20 30 1 7 . 5 ( 0 . 3 6 ) 2 1 . 6 7 ( 4 . 0 6 )

IAA 1 4 0 0 10 28 3 0 35 10 3 0 1 7 . 5 ( 0 . 3 6 ) 3 1 ( 5 . 6 1 )

IAA 1 5 0 0 10 28 20 35 1 0 3 0 1 4 . 1 7 ( 0 . 4 ) 3 1 ( 5 . 6 1 )

t n a 1 nnn n - 20 35 40 3 0 2 0 . 8 ( 0 . 4 4 ) 2 1 . 6 7 ( 4 . 0 6 )

I BA 1 1 0 0 0 - 3 0 35 30 29 2 0 . 0 ( 0 . 4 4 ) 2 1 . 3 ( 4 . 0 2 )

IDA 1 20 0 0 - 20 35 30 2!) 1 4 . 1 7 ( 0 . 4 ) 2 1 . 3 ( 4 . 0 3 )

I BA 1 3 0 0 0 - 40 3 5 20 30 2 0 . 0 ( 0 . 4 4 ) 2 1 . 6 7 ( 4 . 0 6

I BA 1 4 0 0 10 25 7 0 3 5 20 29 3 3 . 3 ( 0 . 5 9 ) 2 9 . 6 7 ( 5 . 4 0 )

IBA 1 5 0 0 20 25 6 0 35 60 29 4 6 . 6 7 ( 0 . 7 5 ) 2 9 . 6 7 ( 5 . 4 0 )

I BA 1 6 0 0 30 25 70 35 6 0 29 5 3 . 3 ( 0 . 0 2 ) 2 9 . 6 7 ( 5 . 4 8 )

I BA 1 7 0 0 40 25 7 0 32 70 28 6 0 ( 0 . 8 9 ) 2 8 . 3 3 ( 5 . 3 6 )

I BA 1 8 0 0 50 25 7 0 32 70 28 6 3 . 3 ( 0 . 9 2 ) 2 8 . 3 3 ( 5 . 3 6 )

I BA 1 9 0 0 8 0 25 10 0 32 9 0 28 9 0 ( 1 . 3 1 ) 2 8 . 3 3 ( 5 . 3 6 )

IBA 2 0 0 0 20 25 20 35 20 30 2 0 ( 0 . 4 6 ) 2 5 ( 5 . 3 1 )

Mean 1 2 . 9 1 1 . 2 8 2 8 . 7 2 4 . 5 2 3 0 . 8 2 9 . 5 6
( 0 . 3 1 ) ( 2 . 6 5 ) ( 0 . 5 3 ) ( 4 . 4 3 ) ( 0 . 5 7 ) ( 5 . 4 8 )

CD ( 0 . 0 5 )  f o r  g r o w t h  r e g u l a t o r  -  ‘fc r o o t i n g  -  0 . 2 3 ,  
CD ( 0 . 0 5 )  f o r  w o o d  -  % r o o t i n g  -  0 . 0 8
F i g u r e s  In p a r a n t h e s l s  s h o w s  t r a n s f o r m e d  v a l u e s  

A n g u l a r  t r a n s f o r m a t i o n  
♦ + S q u a r e  r o o t  t r a n s f o r m a t i o n
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IBA 1900 mgl”1 was th e  most e f fe c t iv e  (90 p e rcen t)  and s ig n if ic a n t ly
“"1 ”1 1 s u p e r io r  tre a tm en t.  IBA a t  1500 mgl , 1600 mgl 1700 mgl and

1800 mgl were on p a r  and s ig n if ic a n t ly  s u p e r io r  to IBA a t  2000

,-1 mgl .

Among th e  com binations of th e  d i f f e re n t  g row th  re g u la to rs
-1 -1 t r i e d  (T ab le  3 ) ,  IAA 1000 mgl + IBA 1000 mgl gave s ig n if ic a n t ly

h ig h e r  p e rcen tage  of rooting (26 .67) and was on p a r  w ith  IAA 1500

mgl-1 + IBA 1000 mgl-1  and IAA 1500 mgl 1 + IBA 1500 mgl”1 . When

fu r th e r  com binations a t  h ig h e r  and low er concen tra tions  of th e se

trea tm en ts  w ere  t r i e d  (T ab le  4 ) ,  th e  e f fe c ts  w ere  n e i th e r  s u p e r io r

no r  s ig n if ic a n t .

T ab le  5 g iv e s  an ev a lu a tio n  of the  most e f fe c t iv e

trea tm en ts ,  i e . ,  th e  e f fe c t  of in d iv id u a l  and com bination trea tm en ts

of g row th  r e g u la to r s .  IBA a t  1900 mgl-1  gave  th e  h ig h e s t  va lue

(81.67%) but th e  p e rcen tage  rooting  d id  not v a ry  s ig n if ic a n t ly  from 
1 1 

IBA 1800 mgl , IBA 2500 mgl + IAA 1300 mgl ^ ancj 2500

mgl” 1 + IAA 1500 mgl” 1

1 .1 .2  Days to rooting

Data p e r ta in in g  to th e  mean num ber of d a y s  taken  fo r  

rooting i s  a lso  p re s e n te d  in  ta b le s  1 to 5. N e i th e r  th e  concen tra tion  

of the  d i f f e re n t  g row th  re g u la to rs  t r i e d  no r  th e i r  com binations 

showed any  s ig n if ican t  influence on th e  num ber of d a y s  taken  fo r  

ro o t in g .
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S o f t  W o o d ________________S e m i  h a r d  w o o d ___________________ H a r d  w o o d ____________________Moan

T r e a t m e n t s  

( m g  I l )

%

r o o t i n g

D a y s  

to r o o t

%

r o o t i n g

D a y s  

t o  r o o t

%

r o o t i n g

D a y s  

to  r o o t

%

r u n t l n g  
+

D a y s

to rout  
+ +

1AA500 + I BA500 0 - 10 32 40 27 1 7 . 5 ( 0 . 3 0 ) 1 9 . 6 7 ( 3 . 0 8 )

IAA500 + I DA1000 10 30 0 - 0 - 5 ( 0 . 2 1 ) 1 0 ( 2 . 3 )

IAA500  + IDA 15 0 0 10 30 0 - 20 20 1 0 . 0 ( 0 . 3 9 ) 1 9 . 3 ( 3 . 8 )

I A A 1 0 0 0 - + 1BA500 0 - 10 32 40 20 1 7 . 5 ( 0 . 3 9 ) 2 0 ( 3 . 9 2 )

I AA1000  + 1BA1000 20 30 10 30 50 30 2 6 . 6 7 ( 0 . 5 2 ) 3 0 ( 5 . 5 2 )

I AA1 0 0 0  + 1BA1500 50 20 40 30 70 30 5 3 . 3 ( 0 . 0 2 ) 2 6 ( 5 . 4 5 )

1AA1500  + IBA500 0 - 0 - 3 0 29 1 1 . 6 7 ( 0 . 2 9 ) 2 0 . 3 3 ( 3 . 9 5 )

1AA1500 + IUAIOOO 10 30 10 32 50 32 2 6 . 6 7 ( 0 . 5 2 ) 3 1 . 3 ( 5 . 6 4 )

1AA1500 + HJAlIiOO 0 - 0 - 50 34 2 1 . 5 7 ( 0 . 4 0 ) 1 1 . 3 3 ( 2 . 4 3 )

NAA500 + 1BA500 0 - 0 - 50 35 1 0 . 3 3 ( 0 . 3 7 ) 1 1 . 6 7 ( 2 . 4 6 )

NAA500 + 1BA1000 10 30 0 - 20 35 1 0 . 0 ( 0 . 3 2 ) 2 1 . 6 7 ( 4 . 0 6 )

NAA500 + IBA 1 50 0 10 30 0 - 60 35 2 4 . 1 7 ( 0 . 4 6 ) 2 1 . 6 7 ( 4 . 0 6 )

NAA1000  + 1BA500 0 - 0 - 20 35 5 ( 0 . 2 1 ) 1 1 . 6 7 ( 2 . 4 6 )

NAA1 0 0 0  + I B A 1 0 00 0 - 10 32 20 35 1 0 . 0 ( 0 . 3 2 ) 2 2 . 3 ( 4 . 1 2 )

NAA1 0 0 0  + I B A 1 5 00 0 - 0 - 20 35 8 . 3 3 ( 0 . 2 5 ) 1 1 . 6 7 ( 2 . 4 6 )

NAA1 5 0 0  + I BA500 10 30 0 - 10 35 7 . 5 ( 0 . 2 7 ) 2 1 . 6 7 ( 4 . 0 6 )

NAA1 5 0 0  + I BA1 0 0 0 0 - 0 - 10 35 5 ( 0 . 2 1 ) 1 1 . 6 7 ( 2 . 4 6 )

NAA1 5 0 0  + I B A 1 5 00 0 - 0 - 10 20 5 ( 0 . 2 1 ) 9 . 3 3 ( 2 . 2 5 )

I AA5 0 0  ♦ NAA500 0 - 0 - 20 29 7 . 5 ( 0 . 2 5 ) 9 . 6 7 ( 2 . 2 0 )

I AA5 0 0  + NAA1000 10 3 0 10 32 40 29 2 0 ( 0 . 4 4 ) 3 0 . 3 3 ( 5 . 5 5 )

I AA 1 0 0 0  + NAA! 50 0 0 - 0 - 10 3 2 5 ( 0 . 2 1  ) 1 0 . 6 7 ( 2 . 3 ; )

I A A 1 0 0 0  + NAA500 10 - 0 - 0 - 5 ( 0 . 2 1 ) 1 0 ( 2 . 3 7 )

I AA 1 0 0 0  + NAA1000 0 - 0 - 10 32 5 ( 0 . 2 1 ) 1 0 . 6 7 ( 2 . 3 7 )

I7\A1500  * NAA1500 0 - 0 - 0 - 0 ( 0 . 1 6 ) - ( 0 . 7 0 7 )

I A A 1 5 0 0  <- NAA500 0 - 0  . - 3 0 32 1 1 . 6 7 ( 0 . 3 ) 1 0 . 6 7 ( 2 . 3 7 )

I A A 1 5 00  + NAA1000 0 - 0 - 10 34 5 ( 0 . 2 1 ) 1 1 . 3 3 ( 2 . 4 3 )

I AA 1 5 0 0  + NAA1500 1 0 30 0 - 0 34 5 ( 0 . 2 1 ) 2 1 . 3 3 ( 4 . 0 3 )

Mean 7 . 4 0 7
( 0 . 2 5 )

1 2 . 1 5  
( 2 . 6 5 )

5 . 5 5
( 0 . 2 1 )

9 . 3 3
( 2 . 1 7 )

2 5 . 6 7
( 0 . 5 )

2 0 . 4 4
( 5 . 1 4 )

CD ( 0 . 0 5 )  f o r  g r o w t h  r e g u l a t o r  -  % r o o t i n g  -  0 . 2 2 4
CD ( 0 . 0 5 )  for  wood -  Tj r o o t i ng  -  0 . 0 7 4 ,  [Jays to r o o t  - 1 . 2 1
f f g u r o s  In p n r n n l h o s l n  a l l o ws  t r a n s f o r m e d  va l uo a  
+ Angul ar  t r an s f o r m a t i o n  
«•+ Squa r e  root  t r an s f o r m a t i o n
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TABLE  -  4

E F F E C T  OF GROWTH REGULATORS ON PERCENTAGE ROOTING AND DAYS TO ROOTING OF CUTTI NGS

S o f t Wood S e m i h a r d  w o o d H a r d  w o o d Me a n

T r e a t m e n t s  

!>"g I 1 )

% D a y s % D a y s % D a y s % D a y s

r o o t i n g to r o o t r o o t i n g to r o o t r o o t i n g t o  r o o t r o o t i n g
+

to r o o t
f +

I B A 1 5 00  + I AA1000 10 30 20 36 60 30 3 0 ( 0 . 5 6 ) 3 2 ( 5 . 6 9 )

I B A 2 0 00  + I AA 1 00 0 0 - 10 - 20 35 0 . 3 3 ( 0 . 2 6 ) 1 1 . 6 7 ( 2 . 4 6 )

1BA2500  + I AA1 0 0 0 0 - 20 30 40 30 2 0 . 0 ( 0 . 4 4 ) 2 2 . 6 7 ( 4 . 1 5 )

I BA 1 5 0 0  + I AA 1 1 0 0 0 - 4 0 35 40 30 2 7 . 5 ( 0 . 5 1 ) 2 1 . 6 7 ( 4 . 0 6 )

I BA 2 0 0 0  + I AA 1 1 0 0 4 0 25 20 38 0 - 2 0 . 8 ( 0 . 4 4 ) 2 1 ( 3 . 9 9 )

I BA 2 5 0 0  + I A A 1 1 0 0 2 0 26 20 38 40 31 2 6 . 6 7 ( 0 . 5 4 ) 3 1 . 6 7 1 5 . 6 6 )

I BA1 5 0 0  + I AA1200 20 30 0 - 20 35 1 4 . 1 6 ( 0 . 3 7 ) 2 1 . 6 7 ( 4 . 0 6 )

I BA 2 0 0 0  + I AA 1 2 0 0 0 - 2 0 38 60 30 2 7 . 5 ( 0 . 5 ) 2 2 . 6 7 ( 4 . 1 5 )

I BA 2 50 0  + I AA1 2 0 0 40 30 4 0 35 4 0 32 4 0 ( 0 . 6 9 ) 3 2 . 3 3 ( 5 . 7 3 )

I B A 1 5 00  + I AA1 3 0 0 20 28 20 38 40 32 2 6 . 6 7 ( 0 . 5 4 ) 3 2 . 6 7 ( 5 . 7 5 )

I BA2 0 0 0  + I AA1300 20 28 0 - 40 32 2 0 . 0 ( 0 . 4 4 ) 2 0 ( 3 . 9 2 )

I BA 2 50 0  + I AA1 3 0 0 4 0 30 20 38 60 30 4 0 ( 0 . 6 9 ) 3 2 . 6 7 ( 5 . 7 5 )

I B A 1 5 0 0  + I AA1 4 0 0 20 26 20 38 0 - 1 4 . 1 7 ( 0 . 3 6 ) 2 1 . 3 3 ( 4 . 0 2 )

I B A 2 0 0 0  + I AA 1 4 0 0 0 - 0 - 0 - 0 ( 0 . 1 6 ) - ( 0 . 7 1 )

I B A 2 5 0 0  + I AA1 4 0 0 20 3 0 0 - 4 0 3 0 2 0 . 0 ( 0 . 4 4 ) 2 0 ( 3 . 9 2 )

I B A 1 5 0 0  + I AA1500 20 28 0 - 2 0 32 1 4 . 1 7 ( 0 . 3 6 ) 2 0 ( 3 . 9 2 )

I B A 2 0 0 0  + I AA 1 5 0 0 40 28 4 0 35 20 35 3 3 . 3 3 ( 0 . 6 1 ) 3 2 . 6 7 ( 5 . 7 5 )

1 UA2 5 0 0  + 1AA1500 GO 28 10 30 2 0 35 3 0 ( 0 . 5 6 ) 3 3 ( 5 . 7 0 )

Mean 2 1 . 2 5
( 0 . 4 4 )

2 0 . 3 8
( 4 . 0 7 )

1G. 94
( 0 . 3 9 )

2 4 . 6
( 4 . 3 1 )

3 1 . 5 3
( 0 . 5 7 )

2 6 . 0
( 4 . 0 6 )

CD ( 0 . 0 5 )  f o r  w o o d  -  k r o o t i n g  -  0 . 1 4
F i g u r e s  In p a r e n t h e s i s  s h o w s  t r a n s f o r m e d  v a l u e s  
+ A n g u l a r  t r a n s f o r m a t i o n  
+ + S q u a r e  r o o t  t r a n s f o r m a t i o n
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TABLE -  5

Treatments 
(mg 1 1 )

Soft Wood Semi h a r d  wood H ard  wood Mean
%

rooting
Days 
to root

%
rooting

Days 
to roo t

%
rooting

Days 
to roo t

%
rooting

+

Days
to root 

++

IBA 1800 60 22 60 28 100 30 7 2 .5 (1 .0 6 ) 26 .67(5 .02)

IBA 1900 50 20 100 28 100 28 8 1 .6 7 (1 .2 ) 25 .33(5 .07)

IBA2500 + IAA1300 80 23 50 26 100 28 7 5 .8 3 (1 .1 ) 25 .67(5 .11)

IBA2500 + IAA1500 70 20 80 22 80 28 76 .67 (1 .12 ) 23 .33(4 .87)

IBA2000 + IAA1200 50 23 0 - 50 28 3 4 .1 7 (0 .58 ) 17(3 .63)

IBA1500 + IAA1000 50 23 40 26 40 24 43 .33 (0 .72 ) 24 .33(4 .98)

IBA2000 50 25 50 28 30 26 4 3 .3 3 (0 .71 ) 26 .35(5 .18)

IAA1000 + IBA1000 30 24 30 26 20 28 26 .67 (0 .54 ) 26(5 .15)

IAA1500 + IBA1000 20 26 30 28 20 28 23 .35(0 .51) 27 .33(5 .28)

NAA500 + IBA1500 30 25 30 26 20 28 2 6 .6 7 (0 .54 ) 26 .33(5 .18)

NAA500 + IBA500 10 26 20 28 30 28 20(0 .46) 27 .33(5 .28)

Mean 45.45 23.36 44.55 24.48 52.95 27.64
(0 .73) (4 .88) (0 .73) (4 .79) (0 .85 ) (5 .3 )

CD (0 .05) fo r g row th  reg u la to rs  -  % rooting  -  0.36 
F igures  in  p a ra n th e s is  shows transfo rm ed  v a lues  
+ Angular transfo rm ation  
++ Square  roo t transform ation
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1 .1 .3  Number of roo ts

As ev id en ced  from th e  d a ta  fu rn ish ed  in  T ab le  6, IBA at

1900 mgl p roduced  s ig n if ic a n t ly  h ig h e r  num ber of ro o ts  (2 .28) and

was in p a r  w ith  IBA 1800 mgl ^ (2 .1 8 ) .  H ard  wood cu tt in g s  t r e a te d
-1

w ith  IBA 1800 mgl p roduced  th e  h ig h e s t  num ber of ro o ts  and was 

on p a r  w ith  IBA 1900 mgl Hardwood cu tt in g s  gave  s ig n if ic a n t ly  

h ig h e r  number of ro o ts  com pared to o th e r  ty p e s .

1 .1 .4  Length of the  longest root

The length  of th e  longest roo t was s ig n if ic a n t ly  h ig h

w ith IBA 1900 mgl 1 (4 .17cm) and th i s  was s ig n if ic a n t ly  h ig h  two

months a f t e r  p lan ting  (T ab le  6 ) .  Semi h a r d  wood and h a r d  wood
-1

cu ttings  t r e a te d  w ith  IBA 1900 mgl gave th e  longest  roo t and was

on p a r  w ith  h a r d  wood cu tt ings  t r e a te d  w ith  a com bination of IBA
-1 -1  2500 mgl and IAA 1300 mgl . Hard wood cu tt ings  gave

s ig n if ic a n t ly  h ig h e r  va lue  fo r  leng th  of longest ro o t ,  bo th  one month

and two months a f t e r  p lan tin g .

1 .1 .5  Number of le av es
-1

IBA 1900 mgl gave th e  h ig h e s t  num ber of le av e s  w hich

was on p a r  w ith  IBA 1800 mgl \  IBA 2500 mgl ^ + IAA 1500 mgl ^

(T ab le  6 ) .  IBA 1900 mgl- *- and IBA 1800 mgl 1 p roduced  s im i la r

r e s u l t s  two months a f t e r  p lan ting  w ith  re g a rd  to th e  num ber of

le a v e s .  S ign ifican tly  h ig h e r  num ber of le a v e s  was p roduced  when
-1

h a rd  wood cu tt in g s  w ere t r e a te d  w ith  IBA 1800 mgl and th i s  was
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TABL E -  6

CFF ECT OE SEL ECTE D GROWTH PE CULATORS ,  T YP E OF CUTTI NGS AND TIME ON NUMUBU AND L ENGTH 01'  ROOTS,

NUMBER OF LEAVES AND NUMBER OF SHOOTS

T r e a t m e n t s  
( m g  1 )

N o . o f  
SW SHW

r o o t s
HW Me a n

L e n g t h  o f  
SW SHW

l o n g e s t
HW

r o o t
Me a n SW

N o .  o f
SHW

l e a v e s  
HW M ea n

N o .
SW

. o f  s h o o t s  
SHW HW Mean

IMAP 1 0 . 5 3 . 9 1 . 0 1 . 5 3 0 . 3 5 0 0 . 6 3 2 . 6 1 . 6 5 . 1 3 . 1 0 . 6 0 . 0 1 . 1 0 . 0 3
IBA 1 8 0 0 2MAP 1 . 5 1 . 3 4 . 9 2 . 5 7 2 . 0 1 . 5 3 . 7 6 2 . 4 2 3 . 2 2 . 3 6 . 4 3 . 9 7 0 . 8 1 . 4 1 . 6 1 . 2 7

Mean 1 . 2 5  0 . 9 4 . 4 2 . 1 0 1 . 7 7 0 . 9 3 1 . 0 0 1 . 5 2 2 . 9 1 . 9 5 5 . 7 5 3 . 5 3 0 . 7 1 . 1 1 . 3 5 1 . 0 5

IBA 1 9 00 IMAP 1 2 2 . 9 1 . 9 7 2 . 0 4 . 6 6 4 . 5 3 . 7 2 2 . 2 3 . 7 4 . 0 3 . 3 0 . 0 1 . 9 1 . 2 1 . 3
2MAP 1 . 2 2 . 9 3 . 7 2 . 6 2 . 3 7 5 . 7 5 . 7 5 4 . 6 1 2 . 3 5 . 1 5 . 3 4 . 2 3 0 . 9 2 . 1 1 . 6 1 . 5 3
Mea n 1 . 1 2 . 4 5 3 . 3 2 . 2 8 2 . 1 9 5 . 1 8 5 . 1 3 4 . 1 7 2 . 2 5 4 . 4 4 . 6 5 3 . 7 7 0 . 0 5 2 . 0 1 . 4 1 . 4 2

1BA2 5 0 0 +I AA1 3 0 0 I MAP 1 0 . 6 0 . 6 0 . 7 3 1 . 5 7 1 . 6 5 6 . 7 3 3 . 3 2 2 . 5 2 . 1 4 . 0 2 . 0 7 1 . 2 0 . 5 1 . 1 0 . 9 3
2MAP 1 . 0 1 0 . 7 1 . 1 7 2 . 0 7 1 . 9 5 3 . 3 5 2 . 4 6 2 . 9 2 . 7 4 . 4 3 . 3 3 1 . 4 0 . 6 1 . 4 1 . 1 3
Me a n 1 . 4 0 . 0 0 . 6 5 0 . 9 5 1 . 8 2 1 . 0 5 . 0 4 2 . 0 9 2 . 7 2 . 4 4 . 2 3 . 1 1 . 3 0 . 5 5 1 . 2 5 1 . 0 3

1 BA2 5 0 0 + I AA1 5 0 0 I MA P 0 . 2 1 . 6 0 . 0 0 . 8 7 0 . 6 5 2 . 4 1 3 . 0 5 2 . 3 0 1 . 7 3 . 2 2 . 7 2 . 5 3 0 . 4 1 0 . 7 0 . 7
2MAP 1 . 2 2 . 7 2 . 4 1 . 7 7 1 . 2 3 . 1 5 2 2 . 1 2 3 . 4 3 . 6 3 . 4 3 . 4 7 0 . 8 1 . 3 1 . 2 1 . 1

Me an 0 . 7 2 . 1 5 1 . 1 1 . 3 2 0 . 9 3 2 . 7 0 2 . 9 3 2 . 2 1 2 . 5 5 3 . 4 3 . 0 5 3 . 0 0 . 6 1 . 1 5 0 . 9 5 0 . 9

I B A 2 0 00 + I AA 1 2 0 0 I MAP 0 . 3 0 0 . 4 0 . 2 3 0 . 9 0 2 . 4 2 1 . 1 1 1 . 7 0 . 0 . 9 0 . 0 7 0 . 8 0 0 . 2 0 . 3 3

2MAP 0 . 9 0 1 . 2 0 . 7 1 . 3 2 0 1 . 1 5 0 . 8 3 2 . 0 0 1 . 4 1 . 1 3 1 . 0 0 0 . 5 0 .  5

Me an 0 . 6 0 0 . 0 0 . 4 7 1 . 1 1 0 1 . 7 9 0 . 9 7 1 . 0 5 0 1 . 1 5 1 . 0 0 . 9 0 0 . 3 5 0 . 4 2

I BA1 5 0 0  + I AA1 0 0 0 I MAP 0 0 . 1 0 . 6 0 . 2 3 0 0 . 4 1 . 5 0 . 6 3 1 . 2 2 . 2 2 . 3 1 . 9 0 . 3 0 . 5 0 . 6 0 . 4 7

2MAP 0 . 5 1 . 2 0 . 0 0 . 8 3 0 . 1 7 5 0 . 0 5 1 . 4 0 . 0 1 1 . 5 2 . 5 2 . 3 2 . 1 0 . 4 0 . 7 0 . 6 0 . 5 7

Mean 0 . 2 5  0 . 6 5 0 . 7 0 . 5 3 0 . 0 9 0 . 6 3 1 . 4 5 0 . 7 2 1 . 3 5 2 . 3 5 2 . 3 2 . 0 0 . 3 5 0 . 6 0 . 6 0 . 5 2

IBA 2 0 0 0 I MAP 0 . 4 0 . 2 0 . 3 0 . 3 0 . 7 0 0 . 0 5 0 . 2 5 1 . 9 1 . 6 1 . 3 7 0 . 5 0 . 5 0 . 3 0 . 4 3

2MAP 1 . 1 0 . 5 0 . 5 0 . 7 1 . 1 7 5 0 . 1 0 . 4 0 . 5 6 2 . 1 1 . 6 0 . 6 1 . 4 3 0 . 5 0 . 5 0 . 3 0 . 4 3

Mean 0 . 7 5  0 . 3 5 0 . 4 0 . 5 0 . 9 4 0 . 0 5 0 . 2 3 0 . 4 0 2 . 0 1 . 6 0 . 6 1 . 4 0 . 5 0 . 5 0 . 3 0 . 4 3

C o n t r o l I MA P 0 0 0 0 0 0 . 3 0 0 . 1 0 0 0 0 0 0 0 0
2MAP 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mean 0 0 0 0 0 0 . 1 5 0 0 . 0 5 0 0 0 0 0 0 0 0

O v e r a l l M e a n 0 . 7 6  0 . 9 1 1 . 4 2 1 . 1 0 5 1 . 4 4 2 . 3 1 . 9 5 2 . 0 1 2 . 7 1 0 . 6 5 0 . 7 4 0 . 7 0

M e a n s  o f I MAP 0 . 4 9  0 . 6 3 1 . 1 9 0 . 9 2 1 . 2 2 2 . 3 0 1 . 7 3 1 . 8 2 . 4 5 0 . 5 0 0 . 6 5 0 . 6 5
2MAP 1 . 0 3  1 . 2 1 . G5 1 . 2 9 l . GG 2 . 2 3 2 . 1 0 2 . 2 3 2 . 9 8 0 . 7 3 0 . 8 3 0 . 9

N o .  o f  r o o t s  L e n g t h  o f  l o n R e s t  r o o t  N o .  o f  l e a v e s  N o .  o f  s h o o t s

CD ( 0 . 0 5 )  f o r  w o o d 0 . 4 4 0 . 5 9 NS NS

CD ( 0 . 0 5 )  f o r  g r o w t h  r e g u l a t o r 0 . 7 2 0 . 9 7 1 . 1 5 0 . 3 4

CD ( 0 . 0 5 )  f o r  t i m e 0 . 1 0 . 2 5 0 . 1 2 7 0 . 0 6 2

CD ( 0 . 0 5 )  f o r  w o o d  x  g r o w t h  
r e g u l a t o r 1 . 2 4 1 . 6 9 1 . 9 9 NS

CD ( 0 . 0 5 )  f o r  g r o w t h  r e g u l a t o r  
t i m e

x
0 . 2 9 0 . 7 0 0 . 3 6 0 . 1 7 4

CD ( 0 . 0 5 )  f o r  w o o d  x  t i m e NS 0 . 4 3 0 . 2 1 9 NS

SW -  S o f t  w o o d
SHW -  S e m i  h a r d  w o o d
HW -  H a r d  w o o d
MAP -  M o n t h s  a f t e r  p l a n t i n g
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on p a r  w ith  h a r d  wood cu tt ings  t r e a te d  w ith  IBA 1900 mgl
-1 -1 2500 mgl + IAA 1300 mgl and sem ih a rd  wood cu tt in g s  t r e a te d

w ith  IBA 1900 mgl- 1 . Hard wood cu tt ings  in g en era l  gave  h ig h e r

num ber of ie av e s  (2 .98 )  two months a f t e r  p lan tin g .

1 .1 .6  Number of shoo ts

A c r i t i c a l  a n a ly s is  of th e  d a ta  in  T ab le  6 p ro v e d  IBA
_i

1900 mgl to be s u p e r io r  in producing  more num ber of sh o o ts  and 

th is  was c o m p ara t iv e ly  h ig h  two months a f t e r  p lan ting  (1 .5 3 ) .  Hard 

wood, serai h a rd  wood and so ft  wood cu ttings  d id  not v a ry

s ig n if ic a n t ly  in  the  num ber of sh o o ts  p roduced  w ith  e i t h e r  th e  

grow th  re g u la to rs  used o r  months a f t e r  p lan ting .

In g en era l ,  th e  r e s u l t s  r e v e a l  th e  co m p ar i t iv e  s u p e r io r i ty
-1

of cu ttings  t re a te d  w ith  IBA 1900 mgl in te rm s of rooting

p e rcen tag e ,  o th e r  q u a n t i ta t iv e  and q u a l i t a t iv e  a s p e c ts  of rooting and 

sh o o tin g .

1.2  S tan d a rd isa t io n  of num ber of nodes  p e r  cutting

P ercen tage  of rooting  was s ig n if ic a n t ly  h ig h  w ith  h ig h e r  

number of nodes  in  th e  cutting (P la te s  5 ,6  6 7 ) .  T ab le  7 and

f igu re-1  shows th a t  f iv e  noded cu tt ings  p ro d u ced  h ig h e s t  percen tage  

of rooting  (73 .33) and th e  l e a s t  was in  s in g le  noded cutting  (5.0%).

Percen tage  of rooting was more o r  l e s s  s im i la r  in  a l l  th e  th r e e

ty p e s  of woods.



P la te  No. 5

E ffec t  of no. of nodes  on rooting  of Soft Wood Cuttings





P la te  No. 6

E ffec t  of no. of nodes on rooting  of Semi Hard Wood Cuttings





P la te  No. 7

E ffec t of no. of nodes  on rooting  of Hard Wood Cuttings
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The number of d a y s  taken  fo r  rooting d id  not v a ry  

s ig n if ic a n t ly  w ith  th e  num ber of nodes in  th e  cu tting  (T ab le  7 and 

figu re  1 ) .  I t  was low est in  s ing le  noded cutting  and h ig h e s t  in th e

case  of f iv e  noded cu tt in g s .  Soft wood, sem i h a r d  wood and h a rd

wood cu tt ings  a lso  d id  not show any s ig n if ic a n t  v a r ia t io n  in  th e  

number of d a y s  to ro o t .

F iv e  noded semi h a r d  wood cu tt ings  gave s ig n if ic a n t ly  

h ig h e r  num ber of ro o ts  (7 .2 )  two months a f t e r  p lan ting  (T ab le  8 ) .  

The leng th  of longest roo t was a lso  h ig h e s t  fo r  f iv e  noded sem ih ard  

wood cu tt ings  two months a f t e r  p lan ting  though th e  e ffe c t  of th e  

ty p e  of wood, ty p e  of wood x  number of nodes and number of nodes 

x  time in te ra c t io n  e ffe c ts  w ere  not s ig n if ic an t  (T ab le  8 ) .

The h ig h e s t  num ber of le av e s  (3 .6 )  w ere  p roduced  in 

case  of f iv e  noded sem ih a rd  wood cu tt ings  on an av e rag e  and 

maximum was o b s e rv e d  two months a f t e r  p lan ting  (T ab le  8 ) .  The 

number of le av e s  p roduced  by the  sem i h a r d  wood cu tt in g s  two 

months a f t e r  p lan ting  was on p a r  w ith  th a t  of so f t  wood cu tt ings

produced  two months a f t e r  p lan tin g .  Hence i t  may be r e f e r r e d  th a t

5 noded cu tt in g s  show ed r e l a t i v e  s u p e r io r i ty  a s  p lan ting  m a te r ia l .

1 .3  Misting fo r  rooting

In te rm it ten t  m is t  p ro v e d  to be an  e s s e n t ia l  p r a c t ic e  for
2

rooting of cu tt in g s .  The X va lues  w ere  s ig n if ic a n t ly  h ig h e r  in



H aBLE -  7

EFFECT OF NUMBER OF NODES ON PERCENTAGE ROOTING AND DAYS TO ROOTING OF CUTTINGS

No. of Nodes
Soft

%
rooting

wood 
Days 
to root

Semi h a rd
%

rooting

wood 
Days 
to roo t

Hard
%

rooting

wood
Days 
to  roo t

Mean
%

rooting
+

Days 
to root

++

1 0 0 0 0 10 30 5 .0
(0 .21)

10.0
(2 .31)

2 0 0 10 23 20 32 10.8
(0 .32 )

18.33
(3 .75)

3 80 20 70 25 50 28 66.67
(0 .96)

24.33
(4 .97)

4 70 22 70 28 50 26 63.33
(0 .92 )

25.33
(5 .08)

5 80 21 80 26 60 24 73.33
(1 .03)

23.33
(4 .91)

Mean 47.0
(0 .71)

12.6
(3 .07)

46.5
(0 .7 1 )

20 .4
(4 .22)

38.0
(0 .65)

28.0
(5 .3 3 )

CD (0 .05) fo r  nodes -  % rooting  -  0.271

F igures  in  p a ra n th e s is  shows transfo rm ed  va lues  

+ Angular transfo rm ation  

++ Square  roo t transfo rm ation
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EFF ECT  OF NUMBER OF NODES RETAI NED ON D I F FERENT TYPE S OF WOOD ON THE NUMBER OF ROOTS,  

LENGTH OF LONGEST ROOT AND NUMBER OF LEAVES

TABLE - 8

T r e a t m e n t s No .  Of 
SW

r o o t s
SHW HW Mean

L e n g t h  o f  ! 
SW SHW

l o n g e s t  r o o t  
HW Mean SW

N o .  o f  
SHW

l e a v e s
HW Mean

1 N o d e I MAP 0 0 0 . 2 0 . 0 0 6 7 0 0 0 . 1 5 0 . 0 5 0 0 0 0
2MAP 0 0 0 . 2 0 . 0 0 6 7 0 0 0 . 2 0 . 0 1 6 0 0 0 . 0 5 0 . 0 1 7
Mean 0 0 0 . 2 0 . 0 0 6 7 0 0 0 . 1 8 0 . 0 1 5 0 0 0 . 0 2 5 0 . 0 0 8 3

2 N o de IMAP 0 0 . 2 0 . 4 0 . 2 0 0 . 3 5 0 . 4 5 0 . 2 7 0 0 . 2 0 . 1 0 . 1
2MAP 0 0 . 3 0 . 5 0 . 2 7 0 0 . 4 0 . 5 5 0 . 3 2 0 0 . 2 0 . 1 5 0 . 1 2
Mean 0 0 . 2 5 0 . 4 5 0 . 2 3 0 0 . 3 8 0 . 5 0 . 2 9 0 0 . 2 0 . 1 3 0 . 1 0 8

3 N o d e I MAP 1 . 7 1 . 9 0 . 8 1 . 4 7 1 . 6 1 . 5 1 . 2 1 . 4 3 2 1 . 8 1 . 7 1 . 8 3
2MAP 2 . 7 2 . 8 1 . 3 2 . 2 7 2 . 4 5 2 . 0 1 1 . 5 1 . 9 9 2 . 8 1 . 9 1 . 7 2 . 1 3
Mean 2 . 2 2 . 3 5 1 . 0 5 1 . 8 7 2 . 0 3 1 . 7 6 1 . 3 5 1 . 7 1 2 . 4 1 . 8 5 1 . 7 1 . 9 8

4 N o de I MAP 1 . 4 1 . 2 0 . 6 1 . 0 7 1 . 4 5 1 . 4 1 . 0 5 1 . 3 1 . 6 2 . 3 1 . 4 1 . 7 7
2MAP 2 . 3 2 . 2 1 . 6 2 . 0 3 2 . 0 2 . 1 5 1 . 6 5 1 . 9 3 2 . 1 2 . 7 1 . 8 2 . 2
Me an 1 . 8 5 1 . 7 1 . 1 1 . 5 5 1 . 7 3 1 . 7 8 1 . 3 5 1 . 6 2 1 . 8 5 2 . 5 1 . 6 1 . 9 8

5 No d e IMAP 1 . 2 5 . 7 3 . 0 3 . 3 2 . 4 5 3 . 4 5 2 . 8 5 2 . 9 2 2 . 5 2 . 7 1 . 9 2 . 3 7
2MAP 2 . 3 7 . 2 3 . 8 4 . 4 3 2 . 9 5 4 . 2 5 3 . 5 3 . 5 7 2 . 6 3 . 6 3 . 3 3 . 1 7

Me an 1 . 7 5 6 . 4 5 3 . 1 3 . 8 7 2 . 7 3 . 8 5 3 . 1 8 3 . 2 4 2 . 5 5 3 . 1 5 2 . 6 2 . 7 7

O v e r a l l  Mean 1 . 1 6 2 . 1 5 1 . 2 4 1 . 2 9 1 . 5 5 1 . 3 1 1 . 3 6 1 . 5 4 1 . 2 1

M e a ns  o f I MAP 0 . 8 6 1 . 8 1 . 0 1 . 2 2 1 . 1 1 . 3 4 1 . 1 4 1 . 1 9 1 . 2 2 1 . 4 1 . 0 2 1 . 2 1
2MAP 1 . 4 6 2 . 5 1 . 4 8 1 . 8 1 1 . 4 8 1 . 7 6 1 . 4 8 1 . 5 7 1 . 5 1 . 6 8 1 . 4 1 . 5 3

No .  o f  r o o t s

CD ( 0 . 0 5 ) f o r wo o d 0 . 7 1

CD ( 0 . 0 5 ) f o r N o d e s 0 . 9 1

CD ( 0 . 0 5 ) f o r MAP 0 . 1 4

CD ( 0 . 0 5 ) f o r wo od  x  n o d e s 1 . 5 8

CD ( 0 . 0 5 ) f o r N o d e s  x  t i m e NS

CD ( 0 . 0 5 )  . f o r w o o d  x  t i me 0 . 2 4

SW -  S o f t  wo od

SHW -  S e m i  h a r d w o o d

HW -  H a r d  wo od

MAP -  M o n t h s  a f t e r  p l a n t i n g

L e n g t h  o f  l o n g e s t  r o o t  N o .  o f  l e a v e s

NS NS

0 . 8 1 0 . 7 6

0 . 0 9 0 . 1 5

NS NS

NS NS

0 . 1 6 0 . 2 5
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Fig. 1 Effect o f  number o f  nodes on rooting o f  cuttings
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case of m isting fo r  a l l  th e  th r e e  ty p e  of cu tt in g s  showing the  

co m p ar i t iv e  s u p e r io r i ty  of m isting o v e r  nonmisting (T ab le  9 ) .

1 .4  Id e n t if ic a t io n  of bes t  season

Data on th e  influence of seasons  on su ccess  of cu ttings  

a re  fu rn ish e d  in T ab le s  10 and 11. F e b ru a ry  to O ctober was the

b e s t  p e r io d  in  r e s p e c t  of pe rcen tage  of roo ting  (F ig u re  2 ) .  In 

the  s tu d y  invo lv ing  a  fu l l  c a le n d a r  y e a r  (T ab le  10); e a r l i e s t  

rooting  was o b se rv e d  during  th e  month of June (22.33 d a y s )  but 

th is  was on p a r  w ith  th o se  during  F e b ru a ry ,  A p r i l ,  May, Ju ly  and 

August. The num ber of d a y s  taken  fo r  rooting was h ig h e s t  in 

January  (32.67 d a y s ) .

Soft wood, sem i h a r d  wood and h a r d  wood d id  not v a ry  

s ig n if ic a n t ly  in  rooting  pe rcen tage  (F ig u re  2 ) .  H ow ever, h a r d  wood 

cu ttings  gave b e t te r  pe rcen tage  of rooting th rough  out th e  y e a r  

w hereas  th e y  v a r ie d  s ig n if ic a n t ly  in  th e  num ber of d a y s  to roo t 

w ith  soft wood showing e a r l i e s t  rooting (23.92 d a y s ) .

An o v e ra l l  a ssessm en t of number of ro o ts  p ro d u ced  by 

d i f f e r e n t  ty p e s  of cu tt in g s  r e v e a l  th e  s u p e r io r i ty  of h a rd  wood 

cu ttings  fo llowed by sem i h a r d  wood cu tt in g s ,  bu t th e  d i f fe ren c es

were not s t a t i s t i c a l l y  s ig n if ic a n t  (T ab le  1 1 ) .  The maximum number 

of ro o ts  were p roduced  by  so ft  wood cu tt in g s  during th e  month of

Sep tem ber and t h i s  was on p a r  w ith  sem i h a rd  wood cu tt in g s  during
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TABLE -  9
EFFECT OF MISTING ON ROOTING OF CUTTINGS

Soft Wood Semi h a r d  wood H ard wood
2 MAP 4MAP 2MAP 4MAP 2 MAP 4MAP

w ith  w ithou t w ith  w ithout w ith  w ithou t w ith  w ithout w ith  w ithou t w ith  w ithout
m is t m is t  m ist m is t m is t m is t  m is t  m is t  m is t  m is t m is t  m is t

4 0 4 0 6 0 6 0 6 0 6 0
16 2 16 2 12 3 12 2 15 1 16 1
18 0 18 0 15 2 15 3 18 1 18 1
17 0 17 0 10 0 10 0 15 0 15 0
19 0 19 1 17 0 17 1 18 0 18 0
18 0 18 0 18 0 18 0 20 0 20 0
15 0 15 0 15 0 15 0 18 0 18 0
12 0 12 0 10 0 10 0 15 0 15 0
15 0 15 0 15 0 15 0 18 0 18 0
10 0 10 0 12 0 13 0 15 0 15 0
8 0 8 0 10 0 10 0 8 0 8 0
2 0 2 0 5 0 5 0 5 0 5 0

154 2 

77.34**

154

274.6

3

u.j<TT

145

38.66

5 146

6812,

6

.6**

171

7837.

2

5**

172

7668

2

.6
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TABLE -  10

EFFECT OF MONTHS ON PERCENTAGE ROOTING AND DAYS TO ROOTING IN CUTTINGS TREATED WITH IBA 1900mgl
- 1

Months
Soft

%
rooting

wood 
Days 
to root

Semi h a r d
%

rooting

wood 
Days 
to roo t

H ard
%

rooting

wood
Days 
to roo t

Mean
%

rooting
+

Days 
to root 

++

JAN 20 32 30 31 30 35 2 6 .6 7 (0 .5 4 ) 32 .67 (5 .71 )
FEB 50 20 100 28 100 22 8 1 .6 7 (1 .2 ) 2 3 .2 (4 .8 2 )
MAR 90 25 50 29 80 30 7 3 .3 3 (1 .0 5 ) 2 8 .0 (5 .2 9 )
APR 100 19 80 20 80 29 8 5 .8 3 (1 .2 1 ) 2 2 .6 7 (4 .7 4 )
MAY 90 21 70 23 50 26 7 3 .3 3 (1 .0 1 ) 23 .2 2 (4 .83 )
JUNE 100 20 80 23 80 24 8 5 .8 3 (1 .2 1 ) 2 2 .3 3 (4 .72 )
JULY 80 21 50 26 50 30 6 0 .0 (0 .8 9 ) 25 .6 7 (5 .05 )
AUG 40 22 70 25 60 30 5 6 .6 7 (0 .8 5 ) 2 5 .6 7 (5 .0 5 )
SEP 50 26 50 28 80 32 6 0 .0 (0 .8 9 ) 2 8 .67 (5 .35 )
OCT 50 25 60 29 70 31 6 0 .0 (0 .3 9 ) 2 8 .3 3 (5 .3 2 )
NOV 40 26 50 32 40 35 4 3 .3 3 (0 .7 2 ) 3 1 .0 (5 .5 6 )
DEC 10 30 20 32 20 32 1 6 .6 7 (0 .4 2 ) 3 1 .33 (5 .59 )

Mean 59.58 23.92 58.96 27.17 61.46 29.67
(0 .91) (4 .87) (0 .89) (5 .2 ) (0 .92 ) (5 .44)

CD (0.05) fo r  months -  % rooting -  0.33 
-  d a y s  to ro o t  -  0 .35 

CD (0.05) fo r  wood -  d ay s  to roo t -  0.174 
F igures  in p a ra n th e s i s  show s tran sfo rm ed  va lues  
+ Angular t ransfo rm ation  
++ Square  ro o t  transform ation



6 6  t a b l e  -  11

SEASONAL E F F E C T  OF D I F FE R E NT  T Y PE S OF CUTTI NGS ON NUMBER OF ROOTS,  LENGTH OF LONGEST ROOT.

AVERAGE LENGTH OF ROOTS AND NUMUER OE LEAVES

M o n t h s No .  o f  
SW SHW

r o o t s
HW Mea n

L e n g t h  o f  
SW SHW

l o n g e s t
HW

r o o t
Mea n

A v e r a g e  l e n g t h  o f  
SW SHW HW

r o o t s
Me a n SW

No .
SHW

o f  l e a v e s  
IIW Me an

JAN I MAP
2MAP
Me an

0 . 3  1 . 1  
1 . 0  2 . 0  
0 . 6 5  1 . 5 5

0 . 6
2 . 9
1 . 7 5

0 . 6 7
1 . 9 7
1 . 3 2

0 . 6 5
2 . 0 5
1 . 3 5

1 . 1
4 . 6 6
2 . 0 0

0 . 6 5
5 . 7 5
3 . 2

0 . 3
4 . 1 5
2 . 4 0

0 . 5 0
1 . 5 6
1 . 0 6

0 . 7 2
3 . 5 6
2 . 1 4

0 . 4 0
5 . 0 9
2 . 7 9

0 . 5 9
3 . 4
1 . 9 9

0 . 7
2 . 7
1 . 7

0 . 5
2 . 2
1 . 3 5

1 . 1
4 . 4
2 . 7 5

0 . 7 7
3 . 1
1 . 9 3

FEB IMAP
2MAP
Me a n

1 . 4  1 . 4
2 . 9  3 . 7  
2 . 1 5  2 . 5 5

1 . 5
3 . 1
2 . 3

1 . 4 3
3 . 2 3
2 . 3 3

2 . 5
3 . 0
2 . 7 5

2 . 7
2 . 2 5
2 . 4 8

3 . 0 5
3 . 4
3 . 6 3

3 . 0 1
2 . 8 0
2 . 9 5

1 . 7 5
2 . 0 3
1 . 0 9

1 . 6
1 . 4 5
1 . 5 3

3 . 3 7
2 . 5 2
2 . 9 5

2 . 2 4
2 . 0 0
2 . 1 2

2 . 4
3 . 4  
2 . 9

1 . 4
3 . 9
2 . 6 5

2 . 4
2 . 7
2 . 5 5

2 . 0 7  
3 . 3 3
2 . 7

MAE IMAP
2MAP
Me a n

2 . 5  1 . 9
5 . 6  3 . 9  
4 . 0 5  2 , 9

0 . 0
3 . 7
.1.25

1 . 7 3
4 . 4
3 . 0 7

2 . 2 5
4 . 2 9
3 . 2 7

1 . 5
3 . 0 7
2 . 6 8

1 . 2
2 . 1 8
1 . 6 9

1 . 6 5
3 . 4 5
2 . 5 5

1 . 4 5
3 . 0 0
2 . 2 3

0 . 0 2
2 . 2
1 . 5 2

0 . 0 8
1 . 5 7
1 . 2 2

1 . 0 5
2 . 2 6
1 . 6 6

2 . 0
4 . 2
3 . 5

1 . 0
3 . 0
2 . 8

1 . 7
2 . 5
2 . 1

2 . 1
3 . 5
2 . 8

APR I MAP
2MAP
Mean

1 . 4  1 . 4
1 . 5  2 . 1  
1 . 4 5  1 . 7 5

1 . 5
1 . 6
1 . 5 5

1 . 4 3  
1 . 7 3  
1 . 5 6

2 . 2 0
0 . 7
1 . 4 8

0 . 0 5
1 . 2 5
1 . 0 5

1 . 0
1 . 0
1 . 8

1 . 6 4
1 . 2 5
1 . 4 5

1 . 5 7
0 . 4 3
0 . 9 9

0 . 5 7
0 . 9
0 . 7 4

1 . 5 3  
1 . 3 1  
1 . 4 2

1 . 2 3
0 . 0 0
1 . 0 5

2 . 3
1 . 5
1 . 9

1 . 2
1 . 9
1 . 5 5

2 . 3
1 . 6
1 . 9 5

1 . 9 3
1 . 6 7
1 . 8

MAY I MAP
2MAP
Mean

1 . 3  1 . 6  
1 . 2  2 . 9  
1 . 2 5  2 . 2 5

3 . 5
3 . 2
3 . 3 5

2 . 1 3
2 . 4 3
2 . 2 0

1 . 9 5
1 . 5
1 . 7 3

1 . 6 5
1 . 9 5
1 . 0

2 . 8 9
2 . 1
2 . 4 9

2 . 1 6
1 . 8 5
2 . 0 1

1 . 7 3
1 . 3
1 . 5 1

0 . 9 3
1 . 2 4
1 . 0 9

1 . 0 4
1 . 6 9
1 . 7 7

1 . 4 9
1 . 4 1
1 . 4 6

1 . 0
1 . 3
1 . 5 5

2 . 0
2 . 5
2 . 2 5

2 . 7
2 . 3
2 . 5

2 . 1 7
2 . 0 3
2 . 1

JUNE I MAP
2MAP
M ea n

0 . 9  1 . 6  
0 . 3  0 . 5  
0 . 6  1 . 0 5

1 . 4
0 . 2
0 . 0

1 . 3
0 . 3 3
0 . 8 2

1 . 1
0 . 2
0 . 6 5

1 . 4 5
0 . 3 5
0 . 9

0 . 9
0 . 4 5
0 . 6 8

1 . 1 5
0 . 3 3
0 . 7 4

0 . 0 0
0 . 1 3
0 . 5

0 . 8 8
0 . 3 3
0 . 6 1

0 . 6
0 . 2 4
0 . 4 2

0 . 7 8
0 . 2 3
0 . 5 1

0 . 9
0 . 4
0 . 6 5

1 . 9
0 . 5
1 . 2

0 . 8
0 . 5
0 . 6 5

1 . 2
0 . 4 7
0 . 8 3

JULY IMAP
2MAP
Mean

0 . 3  1 . 3  
1 . 2  2 . 9  
0 . 7 5  2 . 1

0 . 0
3 . 7
2 . 2 5

0 . 0
2 . 6
1 . 7

0 . 8
2 . 3 8
1 . 5 9

1 . 3 5
5 . 7
3 . 5 3

1 . 0 5
6 . 7 3
3 . 8 9

1 . 0 6
4 . 9 4
3 . 0

0 . 5 9
1 . 0 5
1 . 2 2

0 . 0 3
4 . 3 6
2 . 6

0 . 0 4
4 . 1 7
2 . 5

0 . 7 6
3 . 4 6
2 . 1

0 . 7
2 . 2
1 . 4 5

0 . 5
2 . 3
1 . 4

0 . 9
5 . 3
3 . 1

0 . 7
3 . 2 7
1 . 9 0

AUG I MAP
2MAP
Mean

2 . 3  1 . 4
4 . 1  5 . 2
3 . 2  3 . 3

2 . 0
4 . 5
3 . 2 5

1 . 9
4 . 6
3 . 2 5

3 . 6
3 . 0 0
3 . 7 4

3 . 7 0
3 . 2 5
3 . 5 2

4 . 9
4 . 1 7
4 . 5 4

4 . 0 9
3 . 7 7
3 . 9 3

2 . 3 7
2 . 6
2 . 4 9 1

2 . 6 0
2 . 3
2 . 4 9

4 . 1 0  
3 . 2 2  
3 . 7

3 . 0 6
2 . 7  
2 . 9

2 . 9
4 . 6
3 . 7 5

2 . 2
4 . 4
3 . 3

3 . 6
2 . 4
3 . 0

2 . 9
3 . 0
3 . 3 5

SEP I MA P
2MAP
Mea n

3 . 9  3 . 4  
0 . 1  5 . 4  
6 . 0  4 . 4

1 . 0
4 . 0
3 . 3

3 . 0 3
6 . 1
4 . 5 7

2 . 9
5 . 3
4 . 1

2 . 2
4 . 6 2
3 . 4 1

2 . 2
2 . 3 5
2 . 2 0

2 . 4 3
4 . 0 9
3 . 2 6

2 . 0 9
4 . 0 2
3 . 0 5

1 . 4 1
2 . 9 7
2 . 1 9

1 . 4 7
1 . 4 4
1 . 4 6

1 . 6 6
2 . 0 1
2 . 2 4

3 . 8
6 . 1
4 . 9 5

2 . 5
4 . 9
3 . 7

2 . 4
3 . 8
3 . 1

2 . 9
4 . 9 3
3 . 9 2

OCT I MAP
2MAP
Me an

2 . 0  1 . 5  
1 . 3  2 . 6  
2 . 0 5  2 . 0 5

2 . 0
2 . 1
2 . 0 5

2 . 1
2 . 0
2 . 0 5

2 . 9
1 . 0
1 . 9 5

1 . 3 5
1 . 9 5
1 . 6 5

2 . 1 5
2 . 3 5
2 . 2 5

2 . 1 3  
1 . 7 6  
1 . 9 5

2 . 4 1
0 . 0 2
1 . 6 1

0 . 7  
1 . 4 0  
1 . 0 9

1 . 2 1
1 . 4 2  
1 . 3 2

1 . 4 4  
1 . 2 4  
1 . 3 4

2 . 0
1 . 5
1 . 7 5

1 . 7
2 . 5
2 . 1

2 . 4
1 . 0
2 . 1

2 . 0 3  
1 . 93  
1 . 9 8

NOV I MAP
2MAP
Mea n

1 . 6  2 . 0  
1 . 5  3 . 0  
1 . 5 5  2 . 9

3 . 0
3 . 9
3 . 0 5

2 . 4 7
3 . 0 7
2 . 7 7

2 . 0
2 . 1 5
2 . 4 0

2 . 7
2 . 6
2 . 6 5

3 . 6
2 . 9 5
3 . 2 0

3 . 0 3
2 . 5 7
2 . 0

2 . 3 9
1 . 0
2 . 0

1 . 6 7  
1 . 7 7  
1 . 7 3

2 . 7 5
2 . 3 2
2 . 5 4

2 . 2 7
1 . 9
2 . 0 9

2 . 4
1 . 0
2 . 1

2 . 0
3 . 0
2 . 5

2 . 8
3 . 1
2 . 9 5

2 . 4
2 . 6 3
2 . 5 1

DEC I MAP
2MAP
M ea n

1 . 5  2 . 0  
0 . 4  0 . 5  
0 . 9 5  1 . 2 5

1 . 6
0 . 3
0 . 9 5

1 . 7
0 . 4
1 . 0 5

1 . 6 5
0 . 2 5
0 . 9 5

1 . 9 5
0 . 4 8
1 . 2 1

1 . 2
0 . 6
0 . 9

1 . 6
0 . 4 4
1 . 0 2

1 . 3
0 . 1 3
0 . 7 2

1 . 4 6
0 . 3 0
0 . 9 2

0 . 9 0
0 . 3 3
0 . 6 5

1 . 2 5
0 . 2 8
0 . 7 6

1 . 4
0 . 4
0 . 9

2 . 5
3 . 0
1 . 4

0 . 9
0 . 5
0 . 7

1 . 6
0 . 4
1 . 0

O v e r a l l M e a n 2 . 0 5  2 . 3 3 2 . 3 2 . 1 7 2 . 3 1 2 . 5 1 . 6 1 1 . 5 5 1 . 0 9 2 . 2 6 2 . 1 0 2 . 2 9

M e a n s  o f I MAP
2MAP

1 . 6 0  1 . 7 1  
2 . 4 5  2 . 9 5

1 . 7 7
2 . 0 3

2 . 1 1
2 . 2 2

1 . 0 0
2 . 7 4

2 . 1 9
2 . 9

1 . 5 9 1 . 1 9
1 . 6 2

1 . 6 0
1 . 9 2 2 . 1 1

2 . 0
2 . 5

1 . 6 8
2 . 6 8

2 . 0
2 . 5 8

N o . o f  r o o t s L e n g t h  o f l o n g e s t r o o t A v e r a g e  l e n g t h  of r o o t s No . o f  Ion von

CD ( 0 . 0 5 ) f o r w o o d NS NS NS NS

CD ( 0 . 0 5 ) f o r m o n t h 0 . 9 3 0 . 9 9 0 . 7 7 0 . 9 7

CD ( 0 . 0 5 ) f o r MAP 0 . 2 4 0 . 2 3 1 . 9 0 0 . 2 5

CD ( 0 . 0 5 ) f o r w o o d  x m o n t h 1 . 6 2 NS NS NS

CD ( 0 . 0 5 ) f o r MAP x Mo nt h 0 . 0 2 0 . 7 9 0 . 6 0 0 . 0 6

CD ( 0 . 0 5 ) f o r MAP x Wood NS 0 . 3 9 0 . 3 4 NS

SW -  S o f t  W o o d ,  SHW -  So  in 1 H a r d  Wo od ,  IIW -  H a r d  Wo o d .
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1— 0  soft wood -  O  -  sami hard wood — ^ — Hard wood

Months



67

the  same month. The number of ro o ts  counted one month and two 

months a f t e r  p lan ting  d id  not v a ry  among th e  th re e  ty p e s  of 

cu tt ings . The num ber of ro o ts  were  h ig h e s t  in  a l l  th e  th r e e  ty p e s  

of cu tt ings  during Sep tem ber (4 .5 7 ) .

The q u a l i ta t iv e  e ffec t of ty p e  of wood on th e  leng th  of 

the  longest root were not s ig n if ican t  (T ab le  1 1 ) .  The leng th  of 

longest ro o t  was s ig n if ic a n t ly  h ig h  in  sem i h a r d  wood and h a r d  

wood cu tt ings  taken  two months a f t e r  p lan tin g .  The longest ro o ts

were o b s e rv e d  during th e  month of August bu t t h i s  was on p a r  w ith

th a t  during F e b ru a ry ,  Ju ly  and Sep tem ber.

The av erag e  leng th  of ro o ts  was s ig n if ic a n t ly  h ig h  in

sem ih a rd  wood and h a r d  wood cu tt ings  2 months a f t e r  p lan ting  (1.92 

cm and 2 .11 cm re s p e c t iv e ly )  (T ab le  1 1 ) .  P lanting  of cu tt in g s  in 

August and Sep tem ber was the  b e s t  fo r  a v e rag e  roo t leng th  (2 .9  cm 

and 2 .24 , cm r e s p e c t iv e ly ) .

The num ber of le a v e s  d id  not v a ry  w ith  th e  ty p e  of

wood u se d .  All th e  th re e  ty p e s  of cu tt in g s  p ro d u ced  alm ost s im i la r  

number of le a v e s  during  th e  d i f f e r e n t  months of th e  y e a r  and t h e i r  

number d id  not v a ry  s ig n if ic a n t ly  during  th e  two p e r io d s  of s tu d y  

a f t e r  p lan tin g .  The e ffe c t  of season  was pronounced w ith  August and 

Septem ber reco rd in g  th e  h ig h e s t  num ber of le a v e s  (3 .35  and 3.92 

d a y s ) .
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1.5 Leafy Vs le a f le s s  cu ttings

Hundred p e r  cent rooting were o b ta in ed  w ith  leafy  

cu ttings  during th e  months of June, Ju ly  and August (50 ,80  and 40% 

r e s p e c t iv e ly )  w hereas  th e  rooting was poor fo r  l e a f le s s  cu tt ings  

during th e  same p e r io d  (T ab le  1 2 ) .  During June , le a fy  cu tt ings  took 

18 d a y s  fo r  rooting w hereas  le a f le s s  cu ttings  during  August took 26 

d a y s .

P resen ce  and absence  of le a v e s  show ed s ig n if ican t  

influence on th e  v a r io u s  rooting  c h a r a c te r s  l i k e  num ber of ro o ts ,  

length  of th e  longest ro o t  and num ber of s eco n d a ry  ro o ts  (T ab le  12 

and P la te  8) w hich  w ere  s ig n if ic a n t ly  h ig h e r  fo r  le a fy  cu tt in g s .  

Months h ad  no s ig n if ic an t  influence  on rooting  of le a fy  o r  l e a f le s s  

cu tt in g s .  When th e  in te ra c t io n  of le a fy n ess  and  months were 

c o n s id e re d ,  le a fy  cu tt ings  during  August gave  h ig h e s t  num ber of 

ro o ts  (5 .9 )  w h ile  le a fy  cu tt in g s  during Ju ly  gave  th e  longest roo t 

(5 .5  cm) and leafy  cutting  during June gave  more num ber of 

s eco n d a ry  ro o ts  ( 7 .8 ) .

1 .6  B and ing /E tio la tion  on rooting of cu ttings

The d a ta  p re s e n te d  in  T ab le  13 show th a t  a s  th e  number 

of d ay s  of banding in c re a s e d ,  th e  pe rcen tag e  rooting  in c re a s e d .  

F ourty  f iv e  d a y s  of banding gave th e  h ig h e s t  pe rcen tage  of rooting 

(86.67) w hich  was s ig n if ic a n t ly  s u p e r io r  to a l l  o th e r  tre a tm e n ts .  

(F igure  3 ) .
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% ro o t in g  D tr  No. o f  ro o t s  Length o f  lo n g e s t  No. o f  secondary  ro o t
Months Leafy L e a f le s s  Mean Leafy L e a f le s s  Mean Leafy L e a f le s s  Mean Leafy L e a f le s s  Mean Leafy L e a f le s s  Mean

June 93.51 44.98 60.09 
(75.21) (50.00)

10 20 15 3 .1 5.6 4.35 4.65 4.29 4.47 7.8 1 .9 4.85

Ju ly  90.4 26.52 51.45 
(71.92) (30.98)

13.33 20.33 16.83 5.4 1 .4 3 .4 5 .5 2.25 3.88 3 .7 1.3 2 .5

August 95.0 13.01 49.09 
(77.05) (21.14)

20.67 25.33 23 5.9 1 .3 3 .6 3 .25 0 .95 2 .1 2 .9 0 .6 1 .75

Mean 74.73 32.37 14.67 21.89 4 .8 2.77 4.47 2 .9 4 .8 1.27

CD (0 .05) fo r  months -5 .25  
CD (0 .05) fo r  p resence

of le av es  -4 .29  
CD (0 .05) fo r  Months x

presence  of le av es  -7 .43

3.01
2.46

4 .26 2.67

NS
1.54

1 .71

NS
0.98

4 .18

NS
2.41

Values i n  p a ra n th e s i s  show transfo rm ed  v a lu e s  

+ -  Angular tran s fo rm a tio n  

Dtr -  Days to  ro o t



P la te  No. 8 

Leafy Vs le a f le s s  cutting

A -  le a fy  

B -  le a f le s s





70

Soft wood cu tt ings  showed a b e t t e r  re sp o n se  to banding 

(P la te  9) w ith  the  percen tage  of roo ting  (82.5%) being s ig n if ic a n t ly  

s u p e r io r  to sem i h a r d  wood (70.0%) and h a r d  wood cu ttings

(67.5%).

Maximum num ber of d a y s  (25.67 d a y s )  was tak en  fo r 

rooting when banding was not done and  th e  l e a s t  (19.33 d a y s )  by

the trea tm en t w ith  45 d ay s  of banding (T ab le  1 3 ) .  Soft wood and

sem i h a rd  wood cu tt ings  w ere  on p a r  and s ig n if ic a n t ly  s u p e r io r  to 

h a rd  wood regard ing  th e  d a y s  to roo ting .

The num ber of ro o ts  was s ig n if ic a n t ly  low er when banding 

was not done (T ab le  1 4 ) .  The h ig h e s t  va lue  of 4 .68  was o b s e rv e d

w ith  45 d a y s  of banding . Semi h a r d  wood cu tt in g s  show ed a b e t t e r

perform ance  than  h a r d  wood and so ft  wood cutting though th e  e ffec t 

was not s ig n if ic a n t .  Soft wood cu tt ings  w ith  45 d a y s  of banding

p ro v e d  to be b e t t e r  than  sem i h a r d  wood and h a r d  wood cu ttings  

w ith  0 , 15, 30 o r  45 d a y s  of banding.

With re g a rd  to leng th  of the  longest ro o t ,  so f t  wood 

cu ttings  showed a b e t t e r  perform ance  (T ab le  1 4 ) .  S ign if ican tly

s u p e r io r  va lues  were o b ta in ed  w ith  45 d a y s  of banding and 

o b se rv a t io n s  tak en  two months a f t e r  p lan tin g .
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TABLE -  13

EFFECTS OF BANDING/ETIOLATION ON THE PERCENTAGE ROOTING AND

DAYS TO ROOTING OF CUTTINGS

Days of 
banding

sw
%

rooting Dtr

SHW
%

rooting Dtr

HW
%

rooting D tr

Mean
%

rooting
+

D tr
++

0 80 21 50 26 50 30 60(0 .89) 2 5 .67(5 .05)

15 80 19 70 22 70 24 73 .33 (1 .03 ) 21 .67(4 .65)

30 80 20 70 26 70 28 7 3 .3 3 (1 .03 ) 24 .67(4 .95)

45 90 18 90 20 80 20 8 6 .6 7 (1 .2 ) 19 .33(4 .39)

Mean 82.5 19.5 70 23.5 67.5 25.5
(1 .14) (4 .47) (1 .0 ) (4 .8 ) (0 .97 ) (5 .02)

CD (0 .05) fo r  day s  of banding -  % rooting  -  0 .148
d a y s  to ro o t  -  0 .09

CD (0 .05) fo r  wood % roo ting  -  0.128
d a y s  to roo t -  0.08

D tr -  d a y s  to roo t
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TABLE -  14

D ays of banding
SW

No.
SHW

of ro o ts  
HW Mean SW

Length of 
SHW HW

longest roo t 
Mean SW SHW

No. of 
HW

leaves
Mean

0 IMAP 1.4 1 .4 1 .5 1.43 2.25 0.95 1.8 1.67 2.3 1 .2 2.3 1.93
2 MAP 1.4 1 .5 1 .7 1.53 2.55 1 .1 2 .0 1.88 2 .3 1.2 2.3 1.93
Mean 1 .4 1.45 1 .6 1.48 2 .4 1 .03 1 .9 1.78 2 .3 1 .2 2.3 1.93

15 IMAP 2.6 4 .5 3 .2 3.43 5 .4 3.35 2 .7 3.82 2 .6 2.6 2.7 2.63
2 MAP 3,4 5.2 3 .8 4.13 6 .0 3.75 3 .4 4.38 3 .2 3 .2 3.1 3.17
Mean 3 .0 4.85 3 .5 3.78 5 .7 3.55 3.05 4 .1 2 .9 2.9 2.2 2 .9

30 IMAP 3.7 3 .3 4 .1 3 .7 2 .45 4.55 4.75 3.92 2 .2 2 .2 2.3 2.23
2 MAP 4.6 4 .1 4 .4 4.37 3 .2 5.25 5.15 4.53 2 .8 2 .2 3.4 2.8
Mean 4.15 3 .7 4.25 4.03 2.83 4 .9 4.95 4.23 2 .2 2.2 2.35 2.52

45 IMAP 4.5 4 .9 3 .9 4.43 7 .7 4 .45 5.65 5.93 3 .5 2 .2 2.5 2.72
2 MAP 5.4 4 .9 4 .5 4.93 8 .64 5.43 6.63 6 .9 4 .3 3 .4 4 .4 4.03
Mean 4.95 4 .9 4 .2 4.68 8 .18 4 .94 6.14 6.42 3 .9 2.85 3.45 3 .4

O v e ra l l  Mean 3.38 3.73 3.39 4.78 3 .6 4.01 2 .9 2.29 2.88
Means of IMAP 3.05 3.53 3.18 4.45 3.33 3.73 2.65 2.08 2.45

2 MAP 3.7 3.92 3 .6 5 .1 3.88 4.29 3.15 2.5 3.3

No. of ro o ts Length of longest roo t No. of le av e s

CD (0.05) for wood NS NS NS
CD (0 .05) for day s of banding 1.33 1 .58 NS
CD (0 .05) for time 0.19 0 .09 0.28
CD (0 .05) for wood X day s NS NS NS
CD (0 .05) for wood X time NS NS NS
CD (0 .05 ) for day s X time NS 0.19 0.56
SW -  Soft wood 
SHW -  Semi hardwood 
HW -  Hard wood
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Though th e  e ffec t  of th e  d i f f e r e n t  t re a tm en ts  on th e  

number of le a v e s  was not s ig n if ic an t ,  h ig h e r  v a lu es  were o b se rv e d  

fo r  so ft  wood cu tt ings  w ith  45 d a y s  of banding (T ab le  14 ) .

1 .7  S u rv iv a l  of cu ttings

F eb ru a ry -M arch  p lan ted  cu tt ings  gave th e  h ig h e s t

pe rcen tage  e s ta b l ish m e n t ,  bo th  3 months (84.67%) and 6 months 

(68.33%) a f t e r  p lan ting  (T ab le  1 5 ) .  T hey  were s ig n if ic a n t ly  s u p e r io r  

in e ff ic iency  of e s ta b l ish m e n t  to a l l  o th e r  t im es of p lan tin g .

F eb ru a ry -M arch  and A pril-M ay p lan te d  cu tt in g s  were e q u a l ly  

e f f ic ien t  in  pe rcen tage  of e s ta b l ish m e n t  3 months a f t e r  p lan ting  but 

a t  6 months, F eb ru a ry -M arch  p lan ted  cu tt ings  were s ig n if ic a n t ly

s u p e r io r  (P la te  10 ) .  The d i f fe re n t  ty p e s  of cu tt in g s  d id  not v a ry  in 

t h e i r  pe rcen tag e  s u r v iv a l .

2 . LAYERING

2.1 S tan d a rd isa t io n  of the  most r e s p o n s iv e  wood, m edia and 

season  fo r  layer ing

The m edia e x h ib i t e d  d i f f e r e n t  re sp o n se  during  th e  same

as  well a s  during  d i f f e r e n t  months (T ab le  16 and F igu re  4 ) .  When

coconut f ib r e  was u sed  a s  th e  medium th e  pe rcen tag e  of rooting was 

s ig n if ic a n t ly  h ig h  during M arch, A p r i l  and Ju ly  but th e r e  was 

s ign if ican t v a r ia t io n  in  the  number of d a y s  to ro o ting . Lowest
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TABLE -  15 

SURVIVAL RATE OF CUTTINGS

Months T h ree  months 
a f t e r  p lanting  
% s u rv iv a l

Six months 
a f t e r  p lan ting  
% s u rv iv a l

June - Ju ly 53.00 (0 .82) 48.67 (0 .77)

Aug - Sep 60.00 (0 .89) 45.33 (0 .74)

Oct - Nov 59.00 (0 .88) 33.33 (0 .62 )

Dec - Jan 43.33 (0 .72) 36.67 (0 .65)

Feb - Mar 84.67 (1 .17) 68.33 (0 .98)

A pr - May 72.67 (1 .02) 59.33 (0 .88)

Wood

sw 56.83 (0 .87) 45.50 (0 .74)

SHW 65.33 (0 .94) 47.83 (0 .76)

HW 64.17 (0 .94) 52.50 (0 .81)

CD

Months
Wood

0.22
NS

0.054
NS
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percen tage  of rooting  was re c o rd e d  in  January  ( 5 .0 ) .  S im ila r ly ,  th e  

ty p e  of wood a lso  d id  not e x e r t  any  s ig n if ican t  influence in  e i th e r  

th e  percen tage  rooting o r  d ay s  to roo ting .

However, s ig n if ic a n t ly  s u p e r io r  p e rcen tag e  of rooting was 

o b se rv e d  during  S ep tem ber and O ctober .  When sphagnum moss was 

used  a s  th e  medium th e r e  was no rooting in  Jan u a ry  (T ab le  1 6 ) .  

Semi h a r d  wood and h a r d  wood show ed s im i la r  p e rcen tag e  rooting 

w hereas  softwood was s ig n if ic a n t ly  in f e r io r .  E ffec t  of months and 

ty p e  of wood on d a y s  to rooting was non s ig n if ican t  w ith  sphagnum 

moss a s  m edia .

Sep tem ber p ro v e d  to be  the  s u p e r io r  month w ith  re g a rd  

to pe rcen tag e  of rooting of l a y e r s  (80%) when c o i r  d u s t  was used  

a s  the  medium (T ab le  1 6 ) .  Soft wood gave s ig n if ic a n t ly  low est 

pe rcen tage  rooting when com pared  to sem i h a r d  wood and h a rd  

wood. Days to rooting d id  not v a ry  s ig n if ic a n t ly  during  the  

d i f f e r e n t  months w h e re a s ,  s ig n if ic a n t ly  e a r ly  rooting was o b s e rv e d  in 

case  of so ft  wood.

Layering done during d i f f e re n t  months d id  not v a ry  

s ig n if ic a n t ly  in th e  p e rcen tage  rooting  and d ay s  to rooting w ith  saw 

d u s t  a s  media though s l ig h t ly  b e t t e r  va lues  fo r  p e rcen tag e  of 

rooting were o b se rv e d  during  A p r i l  and Ju ly .
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TABLE -  16

EFFECT OF MEDIA, WOOD AND MONTHS ON PERCENTAGE ROOTING AND DAYS TO ROOTING IN LAYERS

Coconut F ib re Sphagnum moss C o ir  d u s t Saw d u s t
Months % % % %

ro o tin g  D tr ro o t in g D tr ro o t in g  D tr ro o t in g  D tr
+ ++ + ++ + ++ + ++

JANUARY 5(0 .21) 1 3 .33 (2 .5 ) 0 (0 .1 2 ) - 56 .66 (0 .59 ) 45(6 .75) 3 3 .3 3 (0 .61 ) 45(6 .75)
FEBRUARY 10.83(0 .42) 35 .33(5 .11) 1 4 .1 7 (0 .3 2 ) 40(5.42) 0 (0 .1 2 ) - 0(0 .12 ) -
MARCH 89.17(1 .26) 25(5.05) 1 4 .1 7 (0 .3 2 ) 1 8 .6 7 (3 .79 ) 1 3 .3 3 (0 .2 8 ) 30(5 .52) 30(0 .56) 31 .67(5 .81)
AFRIL 79.17(1 .14) 25(5.05) 7 6 .6 7 (0 .75 ) 30(5.52) 70(0 .66) 3 0 .6 7 (5 .6 4 ) 6 6 .6 7 (0 .9 ) 35(5 .96)
MAY 73.33(1 .04) 25(5 .05) 6 6 .6 7 (0 .6 5 ) 27 .3 3 (5 .28 ) 6 6 .6 7 (0 .5 9 ) 2 5 .3 3 (5 .0 8 ) 56 .67(0 .86) 28(5 .34)
JUNE 75(1.08) 28(5.34) 65(0 .63) 30(5.52) 51 .6 7 (0 .4 8 ) 3 1 .3 3 (5 .6 4 ) 3 5 .7 (0 .6 3 ) 30(5 .52)
JULY 83 .33(1 .17) 26 .33(5 .18) 50(0 .62) 27 .3 3 (5 .27 ) 7 3 .33 (0 .76 ) 29(5 .43) 70(0 .99) 2 8 .3 (5 .3 7 )
AUGUST 50(0.79) 25(5.05) 70(0 .71) 25 .67(5 .12) 50(0 .59) 1 9 (5 .18 ) 50(0 .79) 26(5 .75)
SEPTEMBER 76.67(1 .08) 27(5.24) 80(0 .81) 28(5 .34) 80 (0 .84 ) 28(5 .34) 5 3 .3 (0 .8 2 ) 28(5 .34)
OCTOBER 73.33(1 .03) 25(5.05) 83.33(082) 26(5.15) 66 .6 7 (0 .5 9 ) 26(5 .15) 50(0 .79) 26(5 .15)
NOVEMBER 56.67(0 .86) 30(5.52) 3 6 .6 7 (0 .4 5 ) 29 .3 3 (5 .4 6 ) 3 0 .8 3 (0 .5 ) 2 2 .6 7 (4 .1 5 ) 14 .1 7 (0 .3 6 ) 21 .33(4 .04)
DECEMBER 
Means fo r  wood

16 .67(0 .42) 40 .67 (6 .41 ) 7 .5 (0 .3 3 ) 7 8 .3 (4 .6 1 ) 50(0 .56) 45 (6 .74 ) 2 6 .6 7 (0 .5 3 ) 4 5 .6 (6 .7 4 )

Soft wood 52 .7 7 (0 .8 ) 26 .33(5 .02) 40 .6 3 (0 .0 8 ) 18 .67(5 .02) 4 0 .6 3 (0 .0 8 ) 2 6 .1 7 (3 .7 9 ) 34 .17 (0 .59 ) 27 .2 3 (4 .8 )
Semi ha rd  wood 58 .13(0 .88) 27 .83(5 .11) 5 2 .2 9 (0 .79 ) 2 9 .5 (5 .1 1 ) 50 .6 3 (0 .78 ) 2 9 .3 3 (5 .2 3 ) 40 .6 3 (0 .6 8 ) 29 .42(5 .26)
Hard wood 61 .25(0 .94) 22 .25(5 .06) 50 .21 (0 .78 ) 2 9 .6 (5 .0 6 ) 5 1 .8 8 (0 .7 9 ) 2 9 .3 3 (5 .2 6 ) 5 0 .42 (0 .75 ) 29 .5 (5 .2 6 )
CD(0.05) fo r  wood NS NS 0.37 NS 0.29 NS NS NS
CD(0.05) fo r  

months
0.152 NS 0.187 NS 0.144 0.73 NS 0.71

F igures  in  p a r a n th e s i s  shows transform ed v a lu e s

+ Angular t ran s fo rm a tio n  
++ Square ro o t  t ra n fo n n a t io n
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Fig.4 Seasonal effects on rooting o f  layers
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T ab le s  17, 18 and 19 show th e  da ta  on num ber of ro o ts ,  

length  of the  longest roo t and f r e s h  and d ry  weight of ro o ts  

p roduced  using d i f fe re n t  ty p e s  of media on d i f f e re n t  ty p e s  of wood 

in d i f f e re n t  m onths. Coconut f i b r e ,  saw d us t and sphagnum moss 

p roduced  alm ost s im i la r  number of ro o ts  w ith  c o i r  d u s t  being 

s ig n if ic a n t ly  in fe r io r .

The ty p e s  of wood used  were s ig n if ic a n t ly  d i f f e r e n t  from 

each  o th e r  in  t h e i r  e f fe c ts  on num ber of ro o ts ,  w ith  h a r d  wood 

cu tt ings  g iv ing  the  h ig h e s t  va lue  (P la te s  11,12 and 1 3 ) .  H ard  wood 

in  a l l  th e  four media t r i e d  and sem i h a r d  wood in  saw d u s t medium 

p roduced  s ig n if ic a n t ly  h ig h e r  num ber of ro o ts  w ith  so ft  wood in 

c o i r  d u s t  producing  th e  low est num ber of ro o ts  (T ab le  1 8 ) .  A p ri l  

month was th e  b e s t  in  in i t ia t in g  maximum num ber of ro o ts  and th i s  

was s ig n if ic a n t ly  s u p e r io r  to a l l  o th e r  months (T ab le  1 7 ) .  The 

h ig h e s t  num ber of ro o ts  was p roduced  by h a r d  wood during  th e  

month of A p r i l .  I t  was s ig n if ic a n t ly  s u p e r io r  to a l l  o th e r  

com binations fo llowed by h a rd  wood during  June and sem i h a r d  

wood during  A p r i l .  Soft wood during  F e b ru a ry  fa i le d  to p roduce  

roo ts  and b e s t  re sp o n se  was o b se rv e d  in June. Coconut f i b r e  during  

March and  Sphagnum m oss, c o i r  d u s t  and saw d u s t  during  A p r i l  

gave s ig n if ic a n t ly  h ig h e r  num ber of ro o ts .  In a l l  th e  four m edia , 

poor perform ance of rooting  was o b s e rv e d  from November to 

F eb ru a ry  (T ab le  19).
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Tffl[E -  17

MERAJTICN EFFECT CF DIFFERENT IYEES CF VHD AO MNEB IN LAiERDC

Months No. of rents Length of longest root Fhedi wt of roots Dry wt of roots
SW 9JV HIV ivfean SW aw HW Maan SW 9JV HIV Msai SW SHV HIV Mean

JAN 3.42 3.08 2.67 3.06 3.4 4.0 2.83 3.41 0.26 0.28 0.16 0.23 0.07 0.08 0.04 0.06
FEB 0 1.42 1.25 0.89 0 0.5 1.08 0.53 0 0.17 0.05 0.07 0 0.07 0.01 0.03
NPR 5.83 14.58 14.42 11.61 1.55 4.27 4.08 3.3 0.18 0.58 0.74 0.5 0.01 0.13 0.28 0.14
PER 14.75 32.92 42.33 30.0 3.77 6.04 6.04 5.28 1.35 1.51 1.55 1.47 0.33 0.41 0.47 0.4
m: 6.08 11.08 24.42 13.86 2.96 3.4 4.29 3.55 0.2 0.34 0.94 0.49 0.02 0.03 0.18 0.08
JOE 11.75 23.5 34.33 23.19 3.75 5.58 5.7 5.01 0.51 0.93 1.41 0.95 0.13 0.22 0.4 0.25
JULY 18.25 13.42 18.0 16.56 3.58 4.29 4.04 3.97 0.37 0.27 0.53 0.39 0.02 0.03 0.03 0.03
AC 5.75 12.25 12.33 10.11 5.9 6.58 5.84 6.11 0.42 0.87 0.9 0.73 0.1 0.37 0.32 0.27
SEP 6.33 11.08 12.5 9.97 7.93 5.02 6.98 6.64 0.47 0.64 0.82 0.64 0.16 0.24 0.27 0.23
OCT 6.42 10.42 11.83 9.56 7.88 7.5 6.95 7.44 0.48 0.68 0.58 0.58 0.15 0.27 0.24 0.22
KX 4.08 7.33 6.5 5.97 2.58 6.26 4.54 4.46 0.22 0.46 0.51 0.40 0.06 0.17 0.22 0.15
EE 2.00 5.33 5.58 4.31 6.75 2.98 4.71 4.81 0.36 0.24 0.37 0.32 0.2 0.41 0.16 0.26

Mean 7.06 12.2 15.51 4.17 4.7 4.76 0.4 0.58 0.71 0.1 0.2 0.22

No. of roots Length of longest root FlBdi wt of root Dry wt of roots

CD (0.05) for wood 1.48 IB NS 0.06

CD (0.05) for months 2.97 1.24 0.24 0.12

CD (0.05) X ! 5.14 2.15 0.41 0.21

3IV -  Soft Wood, 3iV -  Semi Bard Wood, HIV -  Hard Wood.
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The leng th  of longest roo t was s ig n if ic a n t ly  low in 

Sphagnum moss w h ile  th e  o th e r s  p ro d u ced  a lm ost s im i la r  v a lues  and 

saw d us t gave  th e  h ig h e s t  va lue  (T ab le  17,18 and 1 9 ) .  The e ffec t 

of wood was not s ig n if ic a n t .  A ll th e  th r e e  ty p e s  of wood in coconut 

f ib r e  and  c o i r  d u s t  and h a r d  wood in  saw d u s t  p ro d u ced  s im i la r  

length  of longest ro o ts  and they  were s ig n if ic a n t ly  s u p e r io r  to 

th o se  p roduced  by any o th e r  com binations of media and wood. 

O ctober p roduced  th e  h ig h e s t  va lue  fo r  leng th  of th e  longest , roo t 

but was on p a r  w ith  th a t  during S ep tem ber.

A com parison  of d i f f e r e n t ia l  e f fe c ts  of months in 

in i t ia t in g  longer ro o ts  re v e a le d  th a t  h a rd  wood during  A p r i l ,  

Sep tem ber and O ctober , Semi h a rd  wood during  A p r i l ,  August, 

O ctober and November and so ft  wood during August, Sep tem ber, 

O ctober and December p ro d u ced  s ig n if ic a n t ly  h ig h  v a lues  fo r  leng th  

of longest ro o t .  No rooting o ccu rred  in  so f t  wood during  F e b ru a ry .  

Length of longest roo t was h ig h e s t  w ith  c o ir  d u s t  medium during  

O ctober and  December (T ab le  19 ) .  I t  was s ig n if ic a n t ly  s u p e r io r  to 

a l l  o th e r  com binations.

The f r e s h  weight of ro o ts  was s ig n if ic a n t ly  h ig h  w ith  

saw d u s t  medium a l l  th e  o th e r  media p roduced  alm ost s im i la r  

va lues  (T ab le  18). A ll th e  th r e e  ty p e s  of wood w ere s ig n if ic a n t ly  

d i f fe re n t  from each  o th e r  and h a rd  wood p roduced  th e  h ig h e s t  f r e s h  

w eight of ro o ts .  The f r e s h  w eight of ro o ts  were s im i la r  in  h a r d
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TPELE -  18

INEERATTICN EFFECT CF DIFFERENT TYEFS CF WXD A C  ivEDIA IN LAiERINj

Madia No. of roots Length of longest root Fbesh wt of roots Dry wt of roots
SN SHV H/V Mean 9N SHIV UN Maan 91 a  Hi Mean 3» f f l  H» Mean

Coconut fibre 8.22 12.92 16.08 12.41 4.7 4.93 4.49 4.71 0.35 0.61 0.73 0.57 0.1 0.3 0.24 0.21

^fhagnun moss 7.61 11.22 16.08 11.64 2.65 4.15 3.87 3.56 0.33 0.51 0.65 0.5 0.06 0.15 0.14 0.12

Coir dust 5.81 10.14 14.28 10.07 5.31 5.15 5.49 5.31 0.4 0.49 0.68 0.52 0.14 0.15 0.25 0.18

Saw dust 6.58 14.53 15.61 12.24 4.03 4.58 5.18 4.6 0.53 0.71 0.78 0.67 0.12 0.21 0.25 0.19

Mean 7.06 12.2 15.51 4.17 4.7 4.76 0.4 0.58 0.71 0.1 0.2 0.22

No. of roots Length of longest root FTedi vrt of root Dry wt of roots

OD (0.05) for wood 1.48 0.62 0.12 0.06

CD (0.05) for media 1.71 0.72 0.14 0.07

CD (0.05) for wood x  mBdia 2.97 1.24 0.24 0.12

SN -  Soft Wood, aw  -  Sam Hard Wood, Htf -  Hard Wood.
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wood w ith a l l  the  four media and in sem i h a r d  wood w ith  coconut

f ib r e  and saw d u s t .  A s p l i t  up of th e  months (T ab le  17) shows

th a t  th e  h ig h e s t  f r e s h  weight of ro o ts  was o b s e rv e d  during  th e  

month of A p r i l  fo llowed by  th a t  during  June. The e ffec t  in  A p ri l  

was a t  p a r  w ith  hardw ood in  June and s ig n if ic a n t ly  s u p e r io r  to a l l  

o th e r  combined e f fe c t s .  Saw d u s t  in  A p r i l  and coconut f ib r e  in  

March p roduced  s ig n if ic a n t ly  s u p e r io r  va lues  fo r  f r e s h  weight 

(T ab le  19 ) .

Dry w eigh t of ro o ts  p roduced  by  ha rdw ood  and sem i h a rd  

wood were a lm ost s im i la r  and s u p e r io r  to th a t  of so f t  wood (T ab le  

18 ) .  The ta b le  a lso  r e v e a l s  th a t  among th e  m edia , coconut f ib r e ,

c o ir  d us t  and saw d u s t  p roduced  s ig n if ic a n t ly  h ig h e r  and s im i la r

v a lu es  com pared  to sphagnum moss.

Seasonal e f fec ts  were a lso  e q u a l ly  pronounced w ith  A p r i l  

g iv ing s ig n if ic a n t ly  h ig h e r  value fo r  d r y  weight of ro o ts  (T ab le  

1 7 ) .  A com parison  w ith in  th e  ty p e  of woods confirm  th a t  th e  d ry  

w eight was s ig n if ic a n t ly  h ig h e r  fo r  h a r d  wood during  M arch, A p r i l ,  

June, August and Sep tem ber fo r  sem i h a r d  wood during A p r i l ,  

August, O c tober ,  December and fo r  so f t  wood during  A p r i l  com pared  

to a l l  o th e r  in te ra c t io n s .

The in te ra c t io n  e ffec t  of media and months was a lso  

s ig n if ican t  (T ab le  19) w ith  c o i r  d u s t  m edia during  A p r i l  being th e
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TABLE - 1 9

INTERACTION EFFECT OF MONTHS AND DIFFERENT NEDIA IN LAYERING

Months
No. of roots 

CF SM CD SD Mean
Length of longest root 

CF SM CD SD Mean CF
Fresh
SM

wt of 
CD

roots
SD

Dry wt 
Mean CF SM

of roots 
CD SD Mean

JAN 0.22 0 5.56 6.44 3.06 0.83 0 5.77 7.04 3.41 0.04 0 0.44 0.45 0.23 0 0 0.13 0.11 0.06
FEB 0.67 2.89 0 0 0.89 0.78 1.33 0 0 0.53 0.09 0.19 0 0 0.07 0.04 0.06 0 0 0.03
MAR 37.89 2.33 3.22 3.0 11.61 5.26 1.33 3.83 2.79 3.3 1.49 0.05 0.22 0.23 0.5 0.42 0.03 0.06 0.05 0.14
APR 14.33 36.67 35.11 33.89 30.0 5.08 4.78 4.83 6.44 5.28 1.03 1.42 1.47 1.97 1.47 0.47 0.29 0.58 0.27 0.4
MAY 17.22 17.56 13.11 7.56 13.86 4.11 3.98 2.72 3.39 3.55 0.52 0.6 0.55 0.29 0.49 0.03 0.09 0.16 0.02 0.08
JUNE 19.78 18.22 30.11 24.67 23.19 6.14 4.46 4.72 4.72 5.01 0.62 0.59 1.41 1.16 0.95 0.05 0.04 0.53 0.38 0.25
JULY 19.11 21.33 11.67 14.11 16.56 2.83 4.06 5.0 4.0 3.97 0.29 0.64 0.24 0.37 0.39 0.02 0.03 0.02 0.04 0.03
AUG 13.22 8.22 4.56 14.44 10.11 7.22 6.31 6.67 4.23 6.11 0.92 0.53 0.39 1.08 0.73 0.4 0.18 0.13 0.36 0.27
SEFT 9.22 13.33 6.22 11.11 9.97 7.11 5.54 6.52 7.29 6.64 0.65 0.81 0.42 0.69 0.64 0.21 0.3 0.13 0.26 0.23
OCT 8.67 10.67 5.33 13.56 9.56 8.33 4.28 9.83 7.32 7.44 0.49 0.61 0.45 0.77 0.58 0.22 0.25 0.14 0.28 0.22
NOV 6.67 7.22 2.56 7.44 5.97 4.95 5.46 5.17 2.27 4.46 0.43 0.45 0.24 0.46 0.4 0.14 0.13 0.11 0.22 0.15
DEE 1.89 1.22 3.44 10.67 4.31 3.83 1.06 8.7 5.67 4.81 0.22 0.06 0.45 0.56 0.32 0.52 0.01 0.19 0.31 0.26
Mean 12.41 11.64 10.07 12.24 4.71 3.56 5.31 4.6 0.57 0.5 0.52 0.67 0.21 0.12 0.18 0.19

No. of roots Length of !Longest root Fresh wt of roots Dry wt of roots
CD (0.05) for months 2.97 1.24 0.14 0.07 CF-Coconut Fibre
CD (0.05) for media 1.71 0.72 0.24 0.12 SM-Sphagnum Moss
CD (0.05) for months X 5.94 2.48 0.48 0.25 CD-Coir dust

media SD-Saw dust

CF - Coconut Fibre, CD - Coir dust, SM - Sphagnum moss, SD - Saw dust



P la te  No. 11
E ffect of Media on rooting  of l a y e r s  in  Soft Wood p o r t io n





P la te  No. 12

E ffec t of media on rooting of l a y e r s  in  Semi Hard Wood po rtion





P la te  No. 13

Effect of media on rooting  of l a y e r s  in  Hard Wood p o rt io n
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TABLE -  20

Percen tage  roo ting  Percen tage  roo ting  Percentage  roo ting
Growth Soft wood Semi h a r d  wood Hard wood
reg u la to rs  Feb Apr June Aug Feb

(mgl ) B T B T B T B T B T

IAA100 0 10 0 0 0 0 0 0 20 10
IAA250 0 10 0 0 10 0 0 0 10 0
IAA500 30 10 0 0 10 10 0 0 40 10
IAA1000 30 20 10 10 10 10 10 0 40 30
IAA1500 80 20 20 20 20 20 10 10 90 20
IAA2000 30 20 0 0 0 0 0 0 40 20
IBA100 0 0 0 0 0 0 0 0 0 0
IBA250 20 10 10 0 20 0 0 0 0 10
TBA1000 20 40 10 30 20 10 10 10 70 50
IBA1500 50 60 20 20 30 10 20 10 70 90
IBA2000 20 40 0 30 10 0 0 0 30 20
NAA100 0 0 0 0 0 0 0 0 0 0
NAA250 0 10 0 0 0 0 0 0 0 10
NAA500 0 20 0 0 10 0 0 0 0 20
NAA1000 30 20 0 0 10 0 20 0 20 30
NAA1500 50 40 20 0 10 10 10 10 50 40
NAA2000 30 0 10 0 0 0 0 0 20 0
Control 10 10 80 80 50 50 40 40 10 10

Apr June Aug Feb Apr June Aug
B T B T B T B T B T B T B T

10 0 10 0 0 0 10 10 10 0 10 0 0 0
10 0 10 0 0 0 0 10 10 0 10 0 0 0
10 0 0 0 0 0 50 0 10 0 0 0 0 0
20 10 20 10 10 0 60 20 10 10 20 20 20 0
30 20 30 10 20 20 90 30 30 30 20 10 20 10
0 0 0 0 0 0 50 10 0 0 0 0 0 0
0 0 0 0 0 0 10 10 10 0 10 0 0 0
10 0 10 0 0 0 0 20 10 0 10 0 0 0
10 20 30 20 10 10 70 30 20 20 10 20 10 10
30 20 20 10 20 10 80 70 30 20 20 10 20 20
0 20 0 0 0 0 20 0 0 20 10 0 0 0
0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 10 10 0 0 0 0 0
10 0 10 0 0 0 0 10 10 0 0 0 0
10 0 0 10 20 0 40 20 20 0 0 20 10 0
10 0 20 20 10 10 60 40 20 0 10 20 20 0
0 0 0 0 0 0 20 10 0 0 0 0 0 0
100 100 80 80 50 50 20 20 60 60 95 95 60 60

B -  Biolin 
T -  Talc



84

EFFECT OF GROWTH REGULATOR COMBINATIONS ON PERCENTAGE

ROOTING OF LAYERS

TABLE -  21

GrowJtlp re g u la to rs  Percen tage  roo ting
(mgl ) Soft wood sem i h a r d  wood h a rd  wood

B T B T B T

IAA 500 + IBA 500 0 0 0 0 0
IAA 500 + NAA 500 0 10 0 0 10 0
IAA 500 + IBA 1000 0 10 0 20 20 10
IAA 500 + NAA 1000 0 10 10 0 20 0
IAA 1000+ IBA 500 10 10 10 10 10 10
IAA 1000+ NAA 500 10 0 10 0 10 10
IAA 1000+ IBA 1000 10 10 20 10 20 10
IAA 1000+ NAA 1000 30 20 20 10 10 0
IAA 1500+ IBA 500 20 10 10 10 10 0
IAA 1500+ NAA 500 10 20 20 10 30 10
IAA 1500+ IBA 1000 20 10 30 10 20 0
IAA 1500+ NAA 1000 10 10 20 10 10 10
IAA 2000+ IBA 500 10 10 0 0 0 0
IAA 2000+ NAA 500 0 0 0 0 0 0
IAA 2000+ IBA 1000 0 0 0 0 10 0
IAA 2000+ NAA 1000 20 0 20 0 20 0
IAA 500+ IBA 1500 10 10 20 0 10 0
IAA 500 + NAA 1500 30 10 20 0 30 20
IAA 500+ IBA 2000 0 10 20 10 0 0
IAA 500+ NAA 2000 0 0 0 0 0 0
IAA 1000+ IBA 1500 10 0 20 0 30 0
IAA 1000+ NAA 1500 20 0 10 20 10 10
IAA 1000+ IBA 2000 0 0 0 0 10 0
IAA 1000+ NAA 2000 0 0 0 0 0 0
IAA 1500+ IBA 1500 20 0 10 0 10 0
IAA 1500+ NAA 1500 0 0 0 0 0 0
IAA 1500+ IBA 2000 0 0 0 0 0 0
IAA 1500+ NAA 2000 0 0 0 0 0 0
IAA 2000+ IBA 1500 0 0 10 0 10 0
IAA 2000+ NAA 1500 0 0 0 0 0 0
IAA 2000+ IBA 2000 0 0 0 0 0 0
IAA 2000+ NAA 2000 0 0 0 0 0 0
Control 80 80 100 100 60 60

B -  B io lin , T -  Talc
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b e s t  and a t  p a r  w ith  th a t  during  June, coconut f i b r e  during  M arch, 

A p r i l ,  August, December and  saw dust during  June and August.

2 .2 .  B an d ing /E tio la tion  in  layering

F ourty  f iv e  d a y s  of banding b e fo re  lay e r in g  gave  the

h ig h e s t  pe rcen tage  of rooting  (T ab le  2 2 ) .  T h is  was a t  p a r  w ith  15 

and 30 d a y s  of banding . N inety d a y s  of banding p ro d u ced  th e

low est pe rcen tage  rooting (3 3 .3 5 ) .  Among the  ty p e s  of wood u sed ,

so ft  wood re c o rd e d  s l ig h t ly  h ig h e r  v a lu e s .

E a r l i e s t  rooting was o b s e rv e d  w ith  45 d a y s  of banding

(T ab le  22).  A com parison  betw een ty p e s  of cu tting  in d ic a te d  th a t

th e  e ffec ts  of d i f f e r e n t  ty p e s  of wood was not s ig n if ic a n t .  However, 

softwood cu tt ings  showed s l ig h t ly  e a r l i e r  roo tin g .

Soft wood showed a b e t t e r  re sp o n se  to banding (T ab le

23) w ith  s ig n if ic a n t ly  s u p e r io r  num ber of ro o ts  (1 5 .0 4 ) .  The

h ig h e s t  num ber of ro o ts  was p roduced  w ith  60 d a y s  of banding . 

Soft wood w ith  60 d a y s  of banding gave  s ig n if ic a n t ly  h ig h e r  num ber 

of ro o ts  (3 1 .6 6 ) .

The e f fe c t  of ty p e  of wood on len g th  of longest roo t was

not s ig n if ic a n t  (T ab le  2 3 ) .  30 d a y s  of banding gave  th e  h ig h e s t

va lue  of len g th  but d id  not d i f f e r  g r e a t ly  from 45 and 60 d a y s  of 

banding . The in te ra c t io n  e f fe c t  of wood and d a y s  of banding was

also  not s ig n if ic a n t .
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TABLE -  22

Days of 
banding

Soft wood 
% rooting  D tr

Semi h a rd  
% rooting

wood
D tr

Hard 
% roo ting

wood
D tr

Mean
% roo ting  D tr

+ ++

0 70 27 70 27 90 27 7 6 .6 7 (1 .0 8 )  27 (5 .19)
15 100 22 80 23 80 24 8 5 .8 3 (1 .2 1 )  23(4 .79)
30 100 18 90 20 80 22 8 9 .1 7 (1 .2 6 )  20(4 .47)
45 100 19 100 20 90 20 95 (1 .3 6 )  19.67

(4 .43)
60 80 25 60 27 50 28 6 3 .3 3 (0 .9 2 )2 6 .6 7 (5 .1 0 )
75 50 25 50 25 40 24 4 6 .6 7 (0 .7 5 )2 4 .6 7 (4 .9
90 40 28 30 27 30 27 33 .3 3 (0 .6 2 )  27 .33 (5 .23 )

Mean 76.07 23.43 68.27 24.14 65.71 24.57
(1.12) (4 .83) (1 .00) (4 .9 ) (0 .97) (4 .95)

P e rcen tage  roo ting  Days of roo ting
C D (0 .05) fo r  d ay s  of banding 0.20 0 .19
C D (0 .05 )  fo r  wood NS N.S
F igu res  in  p a ra n th e s is  shows tran s fo rm ed  va lues  
+ Angular t ransfo rm ation  
++ Square  ro o t  tran s fo rm a tio n .



EFFECT OF BANDING ON NUMBER OF ROOTS, LENGTH OF LONGEST ROOT,
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TABLE -  23

FRESH WEIGHT AND DRY WEIGHT OF ROOTS IN LAYERS

Days of 
banding

No.

SW

of roo ts  

SHW HW

Length of longest 

Mean SW SHW

ro o t

HW Mean

F re s h

SW

weight

SHW

of

HW Mean

Dry

SW

w eight of 

SHW

ro o ts

HW Mean

0 7.00 9.66 4.00 6.89 6.50 5.6 2.75 4.95 0.43 0.61 0.26 0 .43 0 .12 0.21 0 .1 0.15

15 9.33 13.66 14.66 12.56 4 .4 3.36 3.33 3 .7 0 .68 0.55 0.64 0.63 0.26 0.15 0.22 0.21

30 15 19 17 17 6 4.33 4 6.44 0 .7 1.28 0.97 0 .98 0.22 0.55 0.33 0.37

45 22.6 16 19 19.22 4.06 7.33 5.9 5 .8 3 .05 0.65 1 .1 1 .6 1 .85 0.45 0.33 0.88
60 31.66 22.33 15.3 23.14 7.5 6 .5 5.17 6 .4 1 .0 1.02 0.86 0.96 0.07 0.07 0.09 0.07
75 14 7.33 1.66 7.64 6 3.83 4.66 4.83 0.44 0.12 0.15 0.23 0.03 0.007 0.015 0.02

90 5.66 2.66 2 3.44 3.33 1.33 3.33 2.67 0,2 2.63 0.24 0.15 0 .01 0.0003 0.02 0.01
Mean 15.04 12.95 10.52 5.4 4.61 4.88 0.93 0.61 0 .6

No. of roo ts Length of longest ro o t F re s h weight of ro o ts Dry w eight of ro o ts

CD (0 .05) fo r  wood 2. 63 NS 0.21 NS

CD (0 .05) 
of banding

fo r  d a y s  4. 02 1 .93 0.33 0.28

CD (0.05) 
x days

for wood 6. 96 NS 0.56 0.49

SW -  Soft wood, SHW -  Semi h a r d  wood, HW -  H ard wood
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The ty p e  of wood, d a y s  of banding and t h e i r  in te rac t io n  

had  a s ig n if ic an t  influence  on the  f r e s h  weight of ro o ts  (T ab le  23). 

Soft wood w ith  45 d a y s  of banding gave  s ig n if ic a n t ly  s u p e r io r

va lues  but was on p a r  w ith  sem i h a rd  wood w ith  90 d a y s  banding.

T here  was no s ig n if ic an t  d if fe ren c e  in  th e  d r y  w eigh t of 

ro o ts  when d i f f e r e n t  ty p e s  of wood were used  (T ab le  23) but

s ig n if ican t  v a r ia t io n  was p roduced  by the  in te ra c t io n  e f fec ts  of 

banding w ith  ty p e  of wood. S ign if ican tly  s u p e r io r  v a lu es  fo r  th e  

d ry  weight of ro o ts  was o b se rv e d  w ith  so f t  wood g iven  45 d a y s  of 

ban d in g .

2.3 Banding + ringing in  layer ing

Soft wood reg ion  show ed s ig n if ic a n t ly  h ig h e r  percen tage  

of rooting than sem i h a r d  wood and h a r d  wood. F iv e  d a y s  ringing 

was found to be s u p e r io r  to th e  o th e r  ringing  trea tm en ts  (T ab le

24). When d a y s  to roo ting  was c o n s id e re d ,  so f t  wood and semi h a rd  

wood were on p a r  and took le s s  time to roo t w hile  h a rd  wood took

more time to roo t (T ab le  24 ) .  Least d a y s  d u ra t io n  to roo t was

o b s e rv e d  in  5 d a y s  ringing  trea tm en t.  When th e  in te ra c t io n  was 

a n a ly s e d ,  i t  was found th a t  so f t  wood and sem i h a r d  wood w ith  5 

d a y s  ringing took le s s  num ber of d a y s  to ro o t .

2 .4  S u rv iv a l  of l a y e r s

The percen tage  s u r v iv a l  of l a y e r s  3 months a f te r  p lan ting  

was s im i la r  when p lan ted  during  th e  months of June to December
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TABLE -  24

EFFECT OF BANDING + RINGING ON ROOTING OF LAYERS

Days of SW
% rooting

SHW HW Mean SW
Days to ro o t  

SHW HW Mean

5 86.76 89.07 80.69 67.74 17.67 17 21.67 18.78
(68.63) (70.66) (6 3 .9 )

10 80.69 50 50 51.29 26 28 28 27.44
(63.9) (44 .98) (44 .98)

15 50 32.78 34.94 38.71 27.67 28 28 27.89
(44.98) (34.91) (36 .22)

Mean 59.17 50.19 48.37 23.78 24.44 25.89

CD (0 .05) fo r wood
CD (0 .05) fo r  d a y s  of ringing
CD (0 .05) fo r wood x  d ay s  of ringing

6.25
6.25 
NS



P la te  No. 14 

S u rv iv a l  of la y e r s
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EFFECT OF MEDIA, MONTHS AND WOOD ON THE SURVIVAL OF LAYERS.

TABLE -  25

P ercen tage  e s ta b l ish m e n t Media x  wood
Months 3 M A P 6 M A P 3 M A P 6 M A P

JAN 30 (0,.55) 12.5 (0 .35) 5 9 .1 7 (0 .89 ) 53.3 (0 .83)
FEB 19.17 (0 .43) 10.83 (0 .33) 59 .17 (0 .89 ) 53.3 (0 .83)
MAR 23 .33 (0 .46 ) 20.3 (0 .43) 5 0 .0 0 (0 .7 8 ) 45 .0 (0 .73)
APR 31.67 (0 .58) 30.00 (0 .56) 4 8 .3 3 (0 .76 ) 47.5 (0 .75)
MAY 35.83 (0 .62) 35.00 (0 .61) 45.00 (0 .71 ) 37.5 (0 .63)
JUNE 69.17 (0 .93) 69.17 (1 .00) 41.67 (0 .61 ) 29.17 (0 .54)
JULY 65.83 (0 .96) 63.33 (0 .93) 46.67 (0 .75 ) 38.33 (0 .66)
AUG 54.17 (0 .84) 53.33 (0 .83) 46.67 (0 .75) 35.33 ((0 .6 3 )
SEP 68.33 (0 .99) 65.83 (0 .97) 45.83 (0 .73 ) 38.33 (0 .65)
OCT 51.67 (0 . 0) 41.67 (0 .69) 41.67 (0 .69) 34.17 (0 .61)
NOV 55.83 (0 .85) 32.7 (0 .59) 38.33 (0 .66 ) 34.17 (0 .61)
DEC 49.17 (0 .78) 36.67 (0 .64 ) 31.67 (0 .58 ) 25.00 (0 .50 )

Media CD 3 MAP 6 MAP
Coconut f ib r e 56.11 (0 .85) 50.56 (0 .79) Months 0.29 0.28
Sphagnummoss 45.00 (0 .69 ) 38.06 (0 .64) Media NS NS
C oir dus t 46.39 (0 .74) 37.5  (0 .65) Wood 0.08 0.07
Saw dust 37.22 (0 .64) 31.11 (0 .57 ) Media 

x  wood NS NS
Wood
SW 48.96 (0 .77) 43.33 (0 .71)
SHW 47.3 (0 .75 ) 40.21 (0 .67)
HW 42.3 (0 .67) 34.38 (0 .60)

MAP -  Months a f t e r  p lan tin g ,  SW -  so f t  wood, SHW -  sem i h a r d  wood, HW -  Hard 
wood.
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w hereas  a t  6 months a f t e r  p lan tin g ,  s im i la r  v a lues  were o b s e rv e d  

only in  June, Ju ly  and Sep tem ber months (T ab le  25 and P la te  14 ).  

The media t r i e d  d id  not v a ry  s ig n if ic a n t ly  bo th  a t  3 months and a t 

6 months a f t e r  p lan tin g .  Soft wood p ro v e d  to be s ig n if ic a n t ly  

s u p e r io r  than  sem i h a r d  wood and h a r d  wood. The in te ra c t io n  

e ffec t  of m edia and wood was not s ig n if ic an t  a t  b o th  th e  s tag e s .

3 . GRAFTING

3.1  E s tab lish m en t r a te

The d a ta  on so f t  wood g ra fting  a r e  fu rn ish ed  in  T ab le  26. 

Rangpur lim e p ro v ed  to be the  b e s t  roo t s to ck  showing 85 

pe rcen tage  success  and 85 p e rcen tage  s u rv iv a l  6 months a f t e r  

g ra ft ing  (P la te  15 ).  The low est e s ta b l ish m e n t  r a t e  was when rough 

lemon was u sed  a s  th e  roo t s to ck  (50 p e r  c e n t ) .

3 .2  Growth of th e  scion

The h e ig h t  of th e  g ra f t  w ith  Rangpur lime a s  roo t s tock  

was s ig n if ic a n t ly  more but on p a r  w ith  th e  g ra f t  using rough lemon 

a s  ro o t  s to ck  (P la te  1 6 ) .  The b e s t  h e ig h t  was o b s e r v e d  6 months 

a f t e r  g ra ft ing  fo r  a l l  th e  ro o ts to c k s .  As e x p e c te d ,  h e ig h t  taken  

from th e  com bination of Rangpur lim e a s  ro o ts to c k  6 months a f t e r  

g ra f t ing  p ro v e d  to be s ig n if ic a n t ly  s u p e r io r .

3 .3 G ir th  of s tock  and scion

The g i r t h  of ro o ts to ck  was s ig n if ic a n t ly  h ig h  when
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TABLE - 26
EFFECT OF ROOT STOCK ON SUCCESS OF SOFT WOOD GRAFTING, HEIGHT, GIRTH OF STOCK AND SCION

Root stock Success 
2 MAG

of grafting 
4 MAG 6MAG Mean

of H it g r a f t
AG 2MAG 4\IAG 6MAG Mean AG

op stroct
2MAG 4MAG 6MAG Mean AG

GiiYtta
2MAu

of Scior>
4MAG 6 MAG Mean

Rough lemon 65.06
(53.74)

50
(44.98)

50
(44.98)

47.9 17.45 19.5 22.5 24.4 20.9 2.08 2.36 2.56 2.65 2.41 1.15 1.54 1.74 2.00 1.51

Rangpur lime 85
(67.19)

87.44
(69.21)

85.23
(67.38)

67.93 19.5 21.2 25.6 28.1 23.6 2.3 2.66 2.72 2.86 2.64 1.48 2.07 2.2 2.45 2.05

Acid Lime 75.11 
(60.05)

75.71
(60.45)

60.0
(50.75)

57.08 16.82 17.2 17.9 18.6 17.6 2.2 2.3 2.6 2.7 2.44 1.45 1.85 2.12 2.38 1.95

Malta 65.06
(53.74)

60,64
(51.12)

55.0
(47.85)

50.9 15.88 16.15 16.6 17.0 16.4 2.1 2.22.37 2.56 2.31 1.29 1.47 1.58 1.88 1.56

Mean 58.68 56.44 52.74 17.41 18.5 20.7 22.0 2.17 2.38 2.56 2.68 1.34 1.73 1.91 2.18

CD
Root stock 
Time
Root stock x Time

6.39
5.40 
10.81

3.54
0.67
1.34

NS
0.05
0.09

0.32
0.07
0.14

Au - At grafting, MAG - Months after grafting. 
Figures in paranthesis shows transformed values 
+ Angular transformation.



P la te  No. 15

B est roo t s to ck  [langpur lim e showing h ig h  pe rcen tage  success  in

Soft Wood Grafting





P la te  No. 16

Effect of d i f f e re n j  roo t s to ck  on th e  h e ig h t  and v ig o u r  of th e  g ra f ts
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Rangpur lim e was used  as  roo t s tock  a t  4 and 6 months a f t e r  

g ra f t in g .  Rangpur lim e and Acid lim e p ro d u ced  s im i la r  v a lues  fo r 

the  g i r t h  of sc ion  6 months a f t e r  g ra f t in g .

3 .4  P recuring  of scion

Date on th e  e ffec t of p recu r in g  trea tm en ts  of th e  sc io n  in 

g rafting  su ccess  a r e  p re s e n te d  in Table  27. Scion w itnout any 

d e fo l ia t io n  was s ig n if ic a n t ly  s u p e r io r  to a l l  th e  p recu ring  

tre a tm en ts .  The pe rcen tage  su ccess  in  g ra ft ing  was v e ry  poo r when 

th e  scion  was d e fo l ia te d .

3 .5 Seasonal influence on g ra f t  u p tak e

May and June months w ere  s ig n if ic a n t ly  s u p e r io r  to a l l  

the  o th e r  months reg a rd in g  the  pe rcen tage  g ra f t in g  su ccess  (T ab le  

28) w h ile  January  was s ig n if ic a n t ly  in fe r io r  to th e  o th e r  months 

showing th e  p o o re s t  pe rfo rm ance.

4 . BUDDING

Though budding was done using d i f f e r e n t  m ethods (T- 

budding , P a tch  budding and C hip  budding) and d i f f e r e n t  roo t 

s to c k s ,  th e r e  was a b so lu te ly  no bud u p ta k e .  The seasonal influence  

was a lso  t r i e d  bu t y ie ld e d  no p o s i t iv e  r e s u l t s .  When th e  buds of 

d i f f e re n t  age g roups  were u sed ,  th e r e  was no re sp o n se  a t  a l l .  The 

buds were fu r th e r  t r i e d  to be induced  by g iv ing  d i f f e r e n t  GA 

trea tm ent but e f fo r t s  d id  not show any su ccess .
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TABLE -  27

EFFECT OF PRECURING TREATMENTS OF SCION ON GRAFTING SUCCESS

Days of d e fo lia t io n  % success
P r io r  to g ra f t ing  +

5 10 .93(19 .29)

10 10(18 .43)

15 6 .4 9 (14 .75 )

20 5 .0 (1 2 .9 2 )

. 25 5 .0 (1 2 .9 2 )

At g ra f t ing 8 .1 6 (16 .59 )

C ontrol (No d e fo lia tio n ) 78 .5 (62 .38 )

CD (0 .05) fo r  d ay s  of d e fo lia t io n  -  6 .13



95

TABLE -  28 

EFFECT OF SEASON ON GRAFTING SUCCESS

Months % success
+

JAN 10(18.43)

FEB 29 .67(32 .99)

MAR 29.67(32 .99)

APR 50.00(44 .98)

MAY 88 .43(70 .09)

JUNE 91 .84(73 .37)

JULY 39.35(38 .84)

AUG 50.00(44 .98)

CD (0 .05) fo r  d a y s  of d e fo lia t io n  -  14.45

Values in p a ra n th e s is  show s transfo rm ed  v a lu es  + Angular
tran s fo rm a tio n .
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5.1 Cuttings

H isto  chem ical a n a ly s is  to loca te  th e  p r e c i s e  genes is  of 

roo t i n i t i a l s  r e v e a le d  th a t  in  a l l  th e  th r e e  ty p e s  of cu tt in g s ,  the  

in i t i a l s  were found to o r ig in a te  from th e  p e r i c y c le .  The s tag es  of 

rooting  were id e n t i f ie d  a s  fo llow s.

Root in i t ia t io n  -  15 d a y s  a f t e r  p lan ting  (P la te  17)

Root p r im io rd ia  form ation -  18 d ay s  a f t e r  p lan ting  (P la te  18)

Root emergence -  S ta rt ing  from 22 d a y s  a f t e r  p lan ting  (P la te  19). 

The d u ra t io n  fo r  th e  p h y s io lo g ic a l  s tag e s  in  rooting  was s im i la r  in 

a l l  th e  t h r e e  ty p e s  of c u t t in g s .  The banded  t i s su e s  d id  not show 

any d if fe ren c e  from th e  norm al t i s su e s  in  th ic k n e s s  o r  con tinu ity  of 

c e l l s .

5 .2  Layering

The a p p ea ran ce  of i n i t i a l s  and th a t  of p r im o rd ia  were 

seen to o v e r la p .  The s tag e  of p r im o rd ia  form ation  was id e n t i f ie d  to 

be th e  11th  d ay  a f t e r  lay e r in g  in  so f t  wood (P la te  20).

5.3 Grafting

Good g ra f t  union w ith  p r o p e r  in te r lo c k in g  of c e l l s  w ith  

a l l  th e  4 ro o t s to ck s  was o b ta ined  (P la te  21) but some show ed poor 

union and hence  d r i e d  u p .  H is to log ica l  exam ination  of th e  g ra f t s  

w ith  poor union re v e a le d  th a t  th e  in i t i a l  s tag e  of g ra f t  union were 

more o r  le s s  s im i la r  to th a t  in  a com p atib le  s t io n ic  com bination but

5 . ANATOMICAL STUDIES



P la te  No. 17

Root in i t ia t io n  in cu tt ings  (15 d a y s  a f t e r  p lan ting )  

RI -  Root in i t i a l ,  E -  E ndoderm is , P -  P e r ic y c le





P la te  No. 18

Root p r im o rd ia  form ation in  cu tt in g s  (18 d a y s  a f t e r  p lan ting ) 

RP -  Root p r im o rd ia ,  RC -  Root cap

I





P la te  No. 19

Root em ergence in  cu tt ings  (22 d a y s  a f t e r  p lan ting )





P la te  No. 20

Root p r im o rd ia  form ation in  l a y e r s  (11 d a y s  a f t e r  la y e r in g )
RP -  Root p r im o rd ia





P la te  No. 21

A success fu l g ra f t  union w ith  Rangpur lim e a s  ro o t s tock





P la te  No. 22

In c o m p a t ib i l i ty  symptoms w ith  Acid lim e a s  ro o t  s to ck  -

c e l lu la r  senescence





P la te  No. 23

In c o m p a t ib i l i ty  symptoms w ith  Acid lim e a s  ro o t  s to ck  -

c e l lu la r  deassem bly





P la te  No. 24

In c o m p a t ib i l i ty  symptoms w ith  Acid lim e a s  ro o t  s to ck  -  
co llap se  Q form ation of a n e c ro t ic  l a y e r  of b lack  dead  c e l l s
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g ra d u a lly  the  c e l l s  a t  g ra f t  in te r fa c e  began to dev e lo p  c e l lu la r

senescence , c e l lu la r  d e asse in b ly ,  c o l la p se  and f in a l ly  leading  to a 

nec ro tic  l a y e r  of b lack  dead  c e l l s  a t  the  g ra f t  in te r fa c e  (P la te s

22,23 and 24 ) .

6 . BIOCHEMICAL STUDIES

6.1 S tarch

A nalysis  of th e  b a rk  of th e  b a sa l  p a r t  of cu tt in g s  in

soft wood and sem i h a r d  wood cu ttings  showed a g rad u a l  r i s e  in

s ta r c h  content to th e  f ina l  s tage  of roo t em ergence bu t in  h a rd  

wood cu ttings  a d e c re a se  was o b se rv e d  a t  th e  roo t emergence

(T ab le  30 and F igure  5 ) .  In le a f  sam p les ,  th e re  was a s te e p  fa l l  in 

th e  s ta r c h  content during roo t em ergence.

6.2  C a rb o h y d ra te s

The to ta l  c a r b o h y d ra te  content in  the  b a se  of stem was

found to in c re a se  s t e a d i ly  during  ro o t  in i t ia t io n  and rem ained  l ik e

th a t  up to th e  p r im o rd ia  form ation but during ro o t  em ergence, th e re  

was a sudden  d ec lin e  o b s e rv e d  in  a l l  th e  th re e  ty p e s  of cu tt ings

(T ab le  30 and F igure  6 ) .  In le a f  sam p les  a lso  during  roo t 

em ergence, th e r e  was a f a l l  in  c a r b o h y d ra te  content.

6.3 Nitrogen

The Nitrogen content showed a g rad u a l  in c re a se  up to root 

p r im o rd ia  form ation  and then  th e r e  was a fa l l  during  roo t emergence



Fig. 5 Changes in starch content during different stages o f  rooting

■  Softwood □  Semi hard wood Q  Hard wood

Stages of rooting

51 - Before rooting
5 2 - Root initiation
5 3 - Root primordia formation
54 - Root em ergence
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Fig.6 Changes in total carbohydrate content during different stages o f  rooting

■  C e / t  u k v \H  I  I C s m !  h a n l  I i i w t  n  U n « 4  u o w s ^

Stages erf rooting

St - Before rooting
5 2 - Root initiation
5 3 - Root primordia formation
5 4 - Root emergence
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(T able  30 and F igure  7) in stem sam ples  of a l l  th e  th r e e  ty p e s  of 

cu tt in g s .  The le a f  sam ples  a lso  showed a d ec lin e  in  Nitrogen 

content from roo t in i t ia t io n  to em ergence.

6 .4  P ro te in

S im ila r  r e s u l t s  a s  th o se  fo r n itrogen  content were 

o b se rv ed  in  th e  case  of p ro te in  content a lso  in  th e  th r e e  ty p e s  of 

cu tt in g s .  (T ab le  30 and F igure  8 ) .  The h ig h e s t  p ro te in  content was 

during the  roo t p r im o rd ia  form ation s tage .

6 .5  C/N ra t io

As in  th e  case  of c a r b o h y d ra te s  and N itrogen , th e  C/N 

ra t io  in c reased  upto roo t p r im o rd ia  form ation and then  d ec lin ed  

during  roo t emergence (T ab ie  3 0 ) .

6 .6  Amino a c id s

T ab le  29 show s th e  d i f f e r e n t  amino a c id s  p re s e n t  a t  

d i f fe re n t  s tag e s  of rooting in  softw ood, sem i h a r d  wood and h a rd  

wood cu tt in g s .  T h e re  were many re m a rk a b le  changes in  th e  amino 

ac id  contents  of th e  d i f f e r e n t  ty p e s  of wood during th e  d i f f e re n t  

s tag es  of roo tin g .  I t  was found th a t ,  more num ber of amino a c id s  

were o b se rv e d  in  the  b a se  of stem  during  roo t in i t ia t io n  in  a l l  the  

th re e  ty p e s  of cu tt ings  (Nor leuc ine , v a l in e ,  DL-Alanine, T hreonine , 

P ro l in e ,  Methionine and L -L eucine).  A fu r th e r  in c re a se  in the  

num ber was o b s e rv e d  during  th e  p r im o rd ia  form ation (T ry p to p h a n ,



Fig. 7 Changes in nitrogen content during different stages o f  rooting

B  Soft wood □  Semi hard wood O  Hard wood

S t - Before rooting
5 2 - Root initiation
5 3 - Root primordia formation
5 4 - Root em ergence



Fig. 8 Changes in protein content during rooting

Stages of rooting

S-i - Before rooting
5 2 - Root initiation
5 3 - Root primordia formation
5 4 - Root em ergence
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AMINO ACIDS PRESENT AT DIFFERENT STAGES OF ROOTING IN 

DIFFERENT TYPES OF CUTTINGS

TA BLE -  29

Amino acids SW L1SHW HW SW S!SHW HW SW s?SHW" HW SW S3SHW HW SW SHW4 HW SW SH& HW

Nor lencine + + — - — + + + - + — — - + — +
L-cystine - - - - - - - - - - - - - - — *
DL-Valine + - + — - + + — + + + — — — + ■*'“ +
3 DL-Alanine - - - - - - - + - - - - - - “ -
D L-B - P h eny la lanine - - - - - + - - - - - - - — *"
L-Hydroxy proline - - - - - - - - - - - - — - - **
DL-Serine - - - - - - - - - - - — *- — “ "" —
Glycine - - - - - - - - - - - - - - - -
DL-Threonine - - - - - - - - - - - - - “ - - — -
L-31utamic acid - - - - - - - - - + - - - * - - -
L-Cysteine-hydrochloride- - - - - - - “ - - - - “ - - - -
L-Lysine - - - - - - - “ - - - - - - - - “ *“
L-rfistidine - - - - - - - - - - - - - - -
L-proline - + - - - - - + * + - - - , - + +
DL-Alanine - - - - - - - - - - - - - - - — -
DL-Methionine + - - + + + - - + + + + + + + - + +
DL-Aspartic acid - - - - - - - - - - - - - - -
DL-Tryptophan - - + + + + - “ - - + + + + + + +
L-Tyrosine - - - - - - - - + - - - - - - -
L-.Arginine - - - - - - - - - - - - - -
DL-2-Aminobutyric acid - - - - - - - - - ... - - - -
L-Ornithine - - - - - - - - - - - - - - - “
DL-Isoleucine + - - - - - - - - - - - - - - - “
L-Leucine — + + — — — + + — —

■ ‘

Stages of rooting
LI - Root initiation (in leaves)
51 - Root initiation (in stem)
52 - Root primordia formation (in stem)

53 - Root elongation (in stem)
54 - Root emergence (in stem)
L4 - Root emergence (in leaves)
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TABLE -  30

CHANGES IN THE CONTENTS OF TOTAL CARBOHYDRATES. 

STARCH, NITROGEN, PROTEIN AND C/N RATIO DURING THE 

DIFFERENT STAGES OF ROOTING.

Stages of rooting C a rb o h y d ra te s S ta rch Nitrogen P ro te in C/N ra t io

SW SHWHW SW SHW HW SW SHW HW SW SHW HW SW SHW HW

Root in i t ia t io n  (leaf) 21 18 26 0.05 0.14 0.11 1.54 2.38 1.54 9.63 14.88 9.63 1.36 7.5 16.88
Root in i t ia t io n  ( s tem ) 

Root P r im ord ia
24 27 21 0.03 0.03 0.05 0.21 0.35 0.42 1.31 2.19 2.63 1114.2977.14 50.0

formation (stem ) 25 39 42 0.09 0.04 0.77 0.63 0.56 1.12 5.25 3 .5 7 .0 39.68 69.64 37.5
Root e longation (stem) 27 57 43 0.05 0.82 1.44 0 .98 0.84 1.82 6.13 5.25 11.38 27.55 67.86 23.63
Root emergence (stem) 24 23 20 0.07 0.88 0.07 0.35 0.14 0.14 2.19 0.88 0.88 68.57 164.29 148.85
Root emergence ( lea f) 17 19 18 0.03 0.04 0.06 1.12 0.98 0.84 7.00 6.13 5.25 15.18 19.39 21.43

SW -  Soft wood 
SHW -  Semi h a rd  wood 

HW -  Hard wood.
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T y ro s in e ,  Glutamic a c id )  in  so f t  wood and sem i h a rd  wood. In 

c o n tra s t ,  i t  rem ained  constant in  h a r d  wood c u t t in g s .  All th e  th re e  

ty p e s  of wood showed a d e c re a se  in th e  number of amino a c id s  

p re s e n t  during  roo t em ergence. C o n tra ry  to t h i s ,  a n a ly s is  of leaf  

sam ples  r e v e a le d  th a t  th e  num ber of amino a c id s  were found to 

in c re a se  during  roo t em ergence.
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DISCUSSION

The r e s u l t s  of th e  p re s e n t  in v e s t ig a t io n s  c a r r i e d  out to 

s ta n d a rd is e  p ropaga tion  m ethods in  B aduvapuli a r e  d is c u s s e d  in  th i s  

c h a p te r .

CUTTINGS

T ype of wood, hormones and rh izo g en es is

P ropagation  w ith  stem cu ttings  i s  g e n e ra l ly  a t tem p ted  in

f ru i t  c ro p s ,  a s  t h i s  method i s  in e x p en s iv e  and e a s y .  The u se  of

g row th  re g u la to rs  i s  a lso  now in  p ra c t ic e  fo r  enhancing th e  rooting 

e ff ic ien cy  in  cu tt in g s .  In th e  p re s e n t  s tu d y ,  a t te m p ts  to p ro p ag a te  

th e  cu tt ings  w ithout g row th  re g u la to r  trea tm ent fa i le d  showing th a t  

p ropaga tion  th rough  cu ttings  i s  p o s s ib le  only  w ith  hormonal 

trea tm en t.

Among th e  g row th  re g u la to rs  t r i e d ,  IBA was found to be

more e f fe c t iv e  than  IAA and NAA. Ninety p e r  cent rooting  was
-1

ob ta ined  w ith  IBA 1900 mg 1 . The  q u a l i ty  of ro o ts  and sh o o ts

were a lso  b e s t  w ith  th e  same concen tra tion . The s u p e r io r i ty  of IBA 

to IAA and NAA in  rooting  of stem cu tt in g s  was e s t a b l i s h e d  a s  e a r ly  

a s  in  1939 by  H itchcock and Zimmerman. The red u ced  roo t promoting 

a c t i v i t y  of IAA com pared  to  IBA and NAA h a s  been a t t r ib u te d  to th e
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fact th a t  p la n t  t i s s u e s  p o s se s s  s e v e ra l  m etabo lic  mechanism s th a t

rem ove IAA from th e  g row th  regu la ting  system  (L eopold  and 

Kriedemann 1975). H itchcock and Zimmerman (1939) found th a t  

a lthough  IBA was more e f fe c t iv e  th an  NAA, com parison  of th e  two 

aux ins  i s  not s im p le  because  many fa c to rs  influence  aux in  e f f ic a c y .  

P roebs ting  (1984) r e p o r t s  th a t  a p a r t i c u la r  s p e c ie s  may r e a c t  

d i f f e r e n t ly  when t r e a te d  w ith  e q u iv a len t  concen tra tion  of d i f f e re n t  

a u x in s .

The s tu d y  a lso  r e v e a ls  th a t  th e re  i s  s trong s y n e rg is t ic  

e ffec t in th e  com bination of IBA and IAA among th e  com binations

t r i e d  though th e  e ffec t  was in fe r io r  to IBA used  a lone . T h is  so r t

of sy n erg ism , though not in  th e  same c ro p ,  h a s  been r e p o r te d  by  

H itch cock and Zimmerman (1940), Singh a t  a K , (1962) and Sharma 

e t  a l . , (1975).

The optimum auxin  concen tra tion  to be  a p p l ie d  is  

dependen t on th e  genotype  and o th e r  v a r i a b le s  such  a s  ty p e  of 

auxin  c a r r i e r ,  p o s i t io n  and d e p th  of a p p l ic a t io n ,  d u ra t io n  and

frequency  of t rea tm en t,  and th e  w a te r  s ta tu s  of th e  cutting as  

de te rm ined  by  th e  m o is tu re  lo s s  be tw een co llec t io n  and trea tm en t of 

the  cu tt ing , a l l  of th e se  in te rac t in g  to d e te rm ine  th e  dose  reach ing  

re sp o n s iv e  t i s s u e s .

While comparing th e  ty p e  of cu tt in g s ,  i t  was found th a t  

a lthough  so f t  wood cu ttings  were e a r ly  in  roo tin g ,  th e  p e rcen tage
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rooting and o th e r  q u a l i ta t iv e  a sp e c ts  such  as  num ber of ro o ts ,  

leng th  of longest roo t and num ber of sh o o ts  were b e s t  in  h a rd  wood 

cu tt in g s .  High a d v en t i t io u s  rooting p o ten tia l  i s  c o n s id e re d  a s  a 

ju v en ile  c h a r a c t e r i s t i c .  The lo s s  of rooting p o te n t ia l  w ith  

m atura tion  i s  p a r t i c u la r ly  s e v e re  in many long l iv e d  t r e e  s p e c ie s .  

The ty p e  of wood used  fo r  cu tt ings  i s  im m ate ria l  in  th e  sp e c ie s  of 

p la n ts  w hich a re  e a s y - to - ro o t  but i t  i s  a  m a tte r  of g re a t  

im portance  in th e  d i f f ic u l t - to - r o o t  m a te r ia l .  Though th e  

d evelopm enta l p a t te rn  of roo t in i t ia t io n  was th e  same in  ju v en ile  

and m ature  cu tt in g s ,  th e  p ro c e ss  i s  s lo w er  in  m ature  than  ju v en ile  

c u tt in g s .  T h is  may be th e  reason  fo r  e a r l in e s s  in  softwood cu ttings . 

T he s tu d y  showed th a t  th e r e  was m arked  chem ica l d if f e re n c e s  in 

the  d i f f e r e n t  ty p e s  of c u tt in g s .  The c a r b o h y d ra te  content in  th e  

h a rd  wood cu tt ings  was more and t h i s  would h a v e  accum ulated a t  

the  b a se  of th e  shoo ts  and sh o u ld  be one of th e  re a so n s  fo r  th e  

p o s i t iv e  re sp o n se  o b ta in e d .  In so f t  wood c u t t in g s ,  c a r b o h y d ra te s  

were not su f f ic ie n t ly  p re s e n t  and roo ting  was found to be b e t t e r  i f  

th e  t ip  p o r t io n  of sh o o ts  to g e th e r  w ith  fo liage  was tak en .

T he d i f f e r e n t ia l  re sp o n se  in  o th e r  c ro p  s p e c ie s  h a v e  a lso  

been e x p la in e d  in  te rm s  of anatom ical d i f f e r e n c e s .  But w hile  

examining th e  th r e e  ty p e s  of wood, th e r e  was no anatom ical 

d if fe re n c e s  betw een them and no anatom ical b a r r i e r s  could be 

lo c a te d .
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F iv e  noded cu ttings  p ro v e d  to be s u p e r io r  bo th

q u a n t i ta t iv e ly  and q u a l i t a t iv e ly .  T h is  was in  acco rdance  to Nanda 

and K ochar (1991) who showed th a t  longer cu tt in g s  roo t b e t t e r  than  

th e  s h o r t e r  ones. T h is  may be due to th e  fac t th a t  th e

c a rb o h y d ra te  r e s e r v e s  a r e  more in  longer cu tt in g s .

The p re s e n t  in v e s t ig a t io n  show ed th a t  rooting  of cu tt ings  

occured  only when k e p t  in s id e  a m is t cham ber and given  

in te rm it ten t  m is ting . I t  i s  w ell known th a t  m isting  m ain ta ins  a film 

of w ater  on th e  le av e s  w hich  not only  r e s u l t  h ig h  h um id ity  

surrounding  th e  le a f  but a lso  m ain ta ins tu rg id i ty  and optimum 

tem p e ra tu re .  In te rm it ten t  m isting p re v e n te d  th e  d e s ic c a t io n  of th e  

c u tt in g s .  The cu tt in g s  w hich were k e p t  o u ts id e  th e  m is t cham ber 

d r i e d  w ith in  few d a y s .  Under r e l a t i v e ly  d ry  c o n d it io n s ,  d e s icca tio n  

and d e a th  shou ld  h a v e  o ccu r red  by  e x c e s s iv e  w a te r  lo s s  b e fo re  th e  

ro o ts  w ere  form ed.

T h e re  was pronounced seasonal influence a s  r e v e a le d  by 

the  tim e of tak ing  th e  cu tt ings  on th e  roo ting  of c u t t in g s .  M arked

b en ef ic ia l  re sp o n se  on ro o t  form ation was o b se rv e d  w ith  th e

cu ttings  p la n te d  from F e b ru a ry  to O c tober .  Among th e s e  9 m onths, 

August and Sep tem ebr tu rned  to be  th e  b e s t  months fo r  roo ting . The 

mean r a in f a l l ,  te m p e ra tu re  and h u m id ity  during  th e s e  two months 

were m odera te ly  h ig h .  During November, December and Jan u a ry ,
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rooting was v e r y  p o o r .  The ra in fa l l  during  th e s e  months was v e ry  

p o o r .  T h e re  was a b so lu te ly  no r a in  during  December and Jan u a ry .  

The seasonal changes in rooting of cu tt in g s  h a v e  a lso  been  a s c r ib e d  

to morpho p h y s io lo g ic a l  s ta tu s  of b ran c h es  w hich  i s  d e te rm ined  by 

endogenous le v e l  of n u tr i t io n  and aux in  w hich  in tu rn  i s  influenced  

by  l ig h t ,  te m p e ra tu re  and h u m id i ty .

Leaf Vs L eafless  cu ttings

The s tu d y  p ro v e s  beyond doub t th a t  th e  p re sen ce  of 

lamina on the  cu tting  enhance rooting  e ff ic ien cy  and q u a l i ty  of 

ro o ts .  T h is  r e s u l t  can be a rgued  from th re e  ang les .  F i r s t l y ,  i t  i s  

a known fac t  th a t  p h o ts y n th e s is  by  cu tt in g s  p o s i t iv e ly  in fluences  

roo ting . P h o to sy n th e s is  during  rooting p r o v id e s  c a r b o h y d ra te s  to 

the  b ase  of th e  cu ttings  and they  accum ulate in  th e  base  during  th e  

rooting p e r io d  (Altman and Wareing, 1975 and H a iss ig ,  1982). 

Secondly , under low p h o to sy n th e t ic  a c t i v i t y ,  auxin  t r a n s p o r t  o r  

s y n th e s is  may be  red u ced  [H eide , 1968 and V a rd a r ,  1968] thus  

in d i r e c t ly  influencing ro o ting . T h i r d ly ,  roo ting  co fac to rs  norm ally  

o r ig in a te  in le av e s  and buds and may be t r a n s p o r te d  to  th e  base  of 

th e  cu tting  w here  th e y  prom ote roo tin g .

Banding techn ique

F ourty  f iv e  d a y s  of banding re s u l te d  in  h ig h e r  rooting 

percen tage  and  o th e r  roo t and shoo t c h a r a c te r s  when com pared  to
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non banded  c u tt in g s .  T h e re  was lack  of c h lo ro p h y l l ,  in c re a s e  in 

in te r  nodal len g th ,  in c re a se d  succulence and d e c re a se d  m echanical

s t re n g th  of stem t i s s u e s  making them to r e a c t  s t ro n g ly  to a p p l ie d

au x in s .  All th e se  m ight h a v e  s t im u la ted  ro o tin g .  Id e n t ic a l  r e s u l t s

h av e  been o b ta ined  in th e  f ind ings  of S toutem yer (1961) and Hess 

(1969). E t io la t io n  g r e a t ly  enhance th e  s t e m 's  s e n s i t i v i t y  to auxin  

and i t  i s  a lso  a s so c ia te d  w ith  change in  p h en o lic  su b s ta n c es  th a t  

may a c t  a s  a rooting  c o - fa c to r .

H is to log ica l exam inations  re v e a le d  th a t  th e r e  was not 

much anatom ical and b iochem ica l d if f e re n c e s  in  th e  banded  sh o o ts  

from norm al sh o o ts .  I t  was a lso  n o ticed  th a t  banded so f t  wood 

cu tt ings  perfo rm ed  b e t t e r  than  banded sem i h a r d  wood and h a rd  

wood c u tt in g s .  Without banding , th e  perform ance of so ft  wood 

cu ttings  was p o o r .  P rom otive  e f fe c t  of ju v e n i l i ty  in  combination

w ith  e t io la t io n  h av e  been com m ercially  e x p lo i te d  in  many p lan t  

sp ec ie s  l i k e  A pple  [G a rd n e r ,  1937 and Howard, 1982] and  French  

bean [Herman, 1967],

F e b ru a ry  and M arch p lan ted  cu tt ings  gave  th e  h ig h e s t  

p e rcen tag e  s u r v iv a l ,  bo th  a t  3 months and 6 months a f t e r  p lan tin g .  

Though th e  r a in fa l l  was l e s s  during  th e s e  two m onths, i t  in c re a se d  

trem endously  from M arch o n w ard s .  T he  mean te m p e ra tu re  and mean 

h u m id ity  were m odera te ly  h ig h  during  th e s e  two m onths. I t  show s



108

th a t  th e  cu ttings  do not p r e f e r  v e ry  h ig h  te m p e ra tu re ,  h ig h  

ra in fa l l  and h u m id ity  fo r  e s ta b l ish m e n t .  S im ila r  conclusions have  

a lso  been  made by  C houdhary  et^ al_., (1963) in  Sweet lim e cu tt ings  

w here  i t  was o b s e rv e d  th a t  F e b ru a ry  was s u p e r io r  to Sep tem ber 

p lan ting .

LAYERING

As in  c u tt in g s ,  th e  h a r d  wood sh o o ts  were found to be

the  most s u i ta b le  fo r  la y e r in g .  The b iochem ica l a n a ly s is  showed

h ig h e r  c a r b o h y d ra te  content in  h a r d  wood sh o o ts  w hich  may be th e

reason  fo r  i t s  b e t t e r  perform ance  a s  com pared  to so f t  wood sh o o ts .

The four media t r i e d  showed d i f f e r e n t ia l  r e sp o n se s  during th e  same

month and during  th e  d i f f e r e n t  m onths. Coconut f i b r e  was found to

be th e  most s u i ta b le  during  M arch, A p r i l  and  J u ly .  Saw dust

pe rfo rm ed  b e t t e r  during  A p r i l  and J u ly .  The d i f f e r e n t  roo t q u a l i t ie s
I

were a lso  th e  b e s t  fo r  saw d u s t  and coconut f i b r e .  Though sphagnum 

moss p e rfo rm ed  w ell in  S ep tem ebr and O c tober ,  th e  d i f f e r e n t  root 

q u a l i t i e s  w ere  p o o r .  C o ir  d u s t  was found to be good in  Sep tem ber 

but i t  d id  not show much fav o u rab le  e f fe c ts  on ro o t  q u a l i t i e s .  Th is  

in d ic a te s  th a t  saw d u s t  and coconut f i b r e  a r e  th e  b e s t  m edia fo r  

la y e r in g .  Both th e s e  media a r e  porous  enough to a llow  good ae ra t io n  

and p o s se ss  h igh  w ater ho ld ing  c a p a c i ty .  They  a r e  lo ca l ly  

a v a i l a b le ,  l e s s  c o s t ly  and a v a i l a b le  th roughou t th e  y e a r .  Sphagnum 

moss being v e ry  c o s t ly  and not a v a i l a b le  th rough  out th e  y e a r ,  th e  

r e s u l t s  p ro v id e  a  sound b a s is  of low cos t  technology using
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indigenously  occurring  n a tu ra l  m a te r ia l s .  Though c o i r  d us t  i s  cheap , 

i t  i s  only  a v a i l a b le  in  co as ta l  a r e a s .

Good rooting  was o b ta ined  from M arch to O ctober w hile  

rooting was poo r from November to F e b ru a ry .  T h is  was in 

accordance  to Nanda and K ochar (1990) who g e n e ra l is e d  th a t  s h o r t  

d a y s ,  low tem p e ra tu res  and low l ig h t  in te n s i t ie s  red u ce  th e  

p h o to sy n th e t ic  output of le av e s  and th e  m o b il isa t io n  of r e s e r v e  food 

m a te r ia ls  due to a d e c re a se  in  th e  a c t i v i t y  of h y d ro ly s in g  enzymes 

lim iting  th e re b y  th e  su p p ly  of a v a i l a b le  n u tr i t io n  w hich  i s  

n e ce ssa ry  fo r  th e  in i t ia t io n  and developm ent of ro o ts .  T h is  i s  

ev id en t  from seasonal changes in  cam bial a c t i v i t y  w hich d e c rea se  

usually  during  w in te r  m onths. The in c re a se d  b io s y n th e s is  of aux in  

in th e  a c t iv e  season  and of in h ib i to r y  su b s tan ces  during  w in ter  

dormancy a lso  occur.

Maximum su ccess  in  lay er in g  was in  A p r i l .  The month 

re c e iv e d  a m odera te  mean r a in fa l l  (165.2m m ), mean tem p e ra tu re  

(30°C) and mean r e l a t i v e  h u m id ity  (74 %). Nanda and K ochar (1991) 

a lso  rem ark ed  th a t  lo w er and h ig h e r  e x tre m e s  of c l im a tic  fa c to rs  

cause a d e lay  in rooting and r e s u l t  in  th e  d e a th  of th e  sh o o ts .

In th e  banding tre a tm en ts  g iven  b efo re  la y e r in g ,  45 d ay s  

of banding gave h ig h e r  pe rcen tage  and e a r ly  ro o ting . Beyond 45 

d a y s  of banding , roo ting  was found to d e c re a se .  The e t io la t io n  of
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p lan t p a r t s  in g enera l  causes  a d e c re a se  in s t a r c h  con ten t, red u c es

th e  amount of m echanical t i s su e ,  d e c re a se s  th e  th ic k n e ss  of c e l l

wall and c e l l  wall d e p o s i t s  and a lso  th e  to ta l  amount of v a sc u la r  

t is su e  th e re b y  making rooting e a s y .  In t h i s  s tu d y  a lso ,  so f t  wood

resp o n d ed  more to banding . G ardner (1937) found in A pple  th a t  

l ig h t  must be e x c lu d ed  e a r ly  in  th e  ontogeny of th e  sh o o t ,  befo re  

the  c e l l s  d e r iv e d  from shoot m eris tem  h ad  d i f f e r e n t ia te d  fo r  e a r ly  

ro o ting . S im ila r ly  Howard (1982) o b se rv e d  in  A pple  th a t  b lanching

th e  stem ap ex  was more e f fe c t iv e  than  b a sa l  b lanch ing .

F iv e  d a y s  ringing  on 45 d a y s  banded shoo ts  showed

im proved  rooting  but th e  e ffec t  was a lm ost th e  same as  in 45 day

banding a lo n e .  Ringing s t im u la ted  the  e ffec t  of roo ting  in  conjunction

w ith  e t io la t io n .  The rooting s tim ulus  may be b rough t about by

in te r ru p t io n  of t r a n s p o r t  of a c t iv e  su b s tan ces  fo r  roo t form ation 

th rough  th e  b a rk  b e s id e s  g iv ing  a  b e t t e r  C/N ba lan ce .  Ringing h as  

been a s so c ia te d  w ith  changes bo th  in content of g ro w th  hormones

and of c a r b o h y d r a te s .  In C i t ru s ,  ringing was accompanied by

accum ulation of g ib b e r e l l in  above  th e  r ing  (Goren ert a d . ,  1971). 

W ellerste in  et^ jH . , 1974 confirm ed th i s  r e s u l t  and show ed th a t

ringing in te r f e r e d  w ith  e i t h e r  p ro d u c tio n  of g ib b e r i l l i n  o r  i t s

tran s lo ca tio n  to th e  ro o ts .  T h is  p a r t i c u la r  a s p e c t  was not p ro b e d  

during th e  course  of t h i s  in v e s t ig a t io n . ,
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Six months a f te r  p lan ting  th e  l a y e r s ,  th e  percen tage  

s u rv iv a l  was h ig h  when p la n te d  during th e  months of June, Ju ly  

and Sep tem ber. G enera lly  l a y e r s  a r e  known fo r  th e  h ig h  f ie ld  

m o r ta l i ty  a s  th e  a d v e n t i t io u s  ro o ts  f ind  i t  d i f f i c u l t  to w ith s tan d  

any unfavourba le  cond ition . However, the  months of June, J u ly  and 

Sep tem ber, coinciding w ith  peak  sh o w ers  of th e  two monsoon 

p e r io d s ,  p ro v id e d  a  congenial c lim ate  w hich  s a t i s f i e d  th e  b a s ic

p r e - r e q u i s i t e s  fo r  h ig h  su ccess .

A p p lica t ion  of hormones during  la y e r in g  d id  not show any 

p o s i t iv e  e ffec t  on ro o tin g .  During F e b ru a ry ,  th e r e  was a s l ig h t  

in c re ase  in rooting  re sp o n se  when g row th  re g u la to r  was a p p l ie d .  

The su ccess  of la y e r in g  a s  a  p ro p ag a tio n  m ethod w ithout hormonal 

a p p l ic a t io n  h a s  been well p ro v ed  in B aduvapuli (S h an k ar ,  1965).

GRAFTING

Soft wood g ra fting  was su cc e ss fu l ly  c a r r i e d  out in

B aduvapuli using Rangpur l im e , Rough lemon, Malta and Acid lime 

a s  ro o t  s to c k s .  The pe rcen tage  e s ta b l i s h m e n t ,  h e ig h t ,  ro o t  s to ck  

g i r t h  and sc ion  g i r t h  w ere  h ig h  when Rangpur lim e was used  a s  th e

ro o ts to ck  th u s  p rov ing  th a t  Rangpur lime i s  th e  b e s t  ro o t  s to ck  fo r

B aduvapu li Rangpur lim e h a s  been su c c e ss fu l ly  used  a s  prom ising  

root s to c k s  fo r  budding Blood r e d  sw eet orange (Chohan et^ a l . , 

1982); Mosambi (Chohan and Kumar, 1983); Sa thgudi (Haleem, 1984)
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and Kinnow (T ayde and J o s h i ,  1986). Rangpur lim e i s  a v e ry  

p r o l i f i c  v a r i e ty  h a r d i e r  th an  t ru e  lim es  and hence  i t  i s  m ostly  

used  a s  a ro o t  s to ck  in In d ia .  The h ig h  p e rcen tag e  of su ccess  w ith  

Rangpur lim e may be due to th e  fac t th a t  being h a r d y ,  i t  pe rfo rm s 

well u n d e r  hum id con d it io n s .  R eports  from IIHR show th a t  Rangpur 

lime i s  b e s t  in  C h e th a l i ,  Coorg w hich  e x p e r ie n c e s  a lm ost s im i la r  

c lim ate  as  th a t  of K era la .

When d i f f e r e n t  forcing tre a tm en ts  w ere  g iven  to th e  scion  

by  c l ip p in g  th e  le a v e s ,  i t  was found th a t  g ra f t in g  was success fu l 

only when fu ll  le av e s  w ere  p re s e n t  in  th e  sc io n . No union o ccu rred  

when le a f le s s  scion was u se d .  I t  may be b ecause , le a v e s  a r e  needed  

for c u r re n t  p h o to s y n th e s is .  I t  a lso  p ro v e s  th a t  sc ions  do not 

r e q u i r e  any forcing tre a tm en ts  and such  forcing trea tm en ts  r a t h e r  

had  only n ega tive  e ffe c t  on g ra f t  u p ta k e .

May-June p ro v e d  to be th e  b e s t  season  fo r  g ra f t in g ,  th e  

mean tem p era tu re  being 31°C and r e l a t i v e  h u m id ity  88%. T h is  

tem p era tu re  i s  fav o u rab le  fo r  c e l lu la r  a c t i v i t y ,  c a l lu s  form ation  and 

healing  during  g ra f t  union fo r  most t r o p ic a l  f r u i t  s p e c ie s .  T h e re  

was h ig h  h u m id ity  during  th e se  months in th e  v ic in i ty  of the  

cambial reg ion  of th e  g ra f t  union. Nanda and K ochar (1991) a lso  

suggested a s im i la r  c l im a tic  condition  fo r  su ccess fu l  g ra f t in g .
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BUDDING

Though d i f fe re n t  m ethods of budding w ith  d i f fe re n t  

p re tre a tm en ts  were c a r r i e d  out in  d i f f e r e n t  sea so n s ,  th e r e  was no

success  a t  a l l .  I t  may be due to th e  unique n a tu re  of th e  bud 

w hich  i s  s i tu a te d  v e ry  c lose  to th e  th o rn s .  Unlike o th e r  C i tru s  

s p e c ie s ,  in  th e  n a t iv e  B ad u v ap u li ,  th o rn s  a r i s e  ad jacen t  to leaf

b a se s  and th e  th o rn s  a r e  s trong  and s tou t due to th e  g row th  of 

wood in to  th e  c e n tr a l  co re  reg ion . Hence when th e  scion  i s  taken , 

the  th o rn  th a t  rem ains  c lose  to th e  bud a c ts  a s  a m echanical

b a r r i e r .  The bud can be taken  only  a f t e r  c l ip p in g  th e  th o rn  and 

the  rem oval of th o rn  r e s u l t s  in  a  la rg e  h o le  n e a r  th e  bud

(P la te  2 5 ) .  Within d a y s  of budding , th e  p a r t  th a t  was n ea r  to the  

base  of th o rn  begins ro t t in g .

The fa i lu r e  of budding in  B aduvapu li  can only be argued  

in  th e  con tex t of th e  p h y s ic a l  location  of th e  th o rn  and th e  wood 

grow th  into th e  th ro n  w ith  th e  developm ent.

ANATOMICAL STUDIES

The anatom ical s tu d ie s  showed th a t  th e  roo t in i t i a l s  

o r ig in a te  from th e  p e r i c y c le .  P r i e s t l y  and Swingle (1929) w hile  

s tudy ing  th e  v e g e ta t iv e  p ro p ag a tio n ,  co m p reh en s iv e ly  from th e  p lan t 

anatomy s tan d  p o in t,  suggested  th e  o r ig in  of ro o ts  from p e r ic y c le



P la te  No. 25 

P r e p a re d  bu d s  of B aduvapu li and Rough lemon 

BP -  B ad u v ap u li ,  RL -  Rough Lemon
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on young stem and t h e i r  o r ig in  in ne ighbourhood  of cambium on 

o ld e r  s tem s. P e r ic y c l ic  o r ig in  of th e  ro o ts  h a s  been  r e p o r te d  to be 

in between f ib ro  v a sc u la r  b und les  in  th e  case  of co leus (C arlson  

1929). The r e s u l t s  of th e  p re s e n t  s tu d y  a re  in  fu ll  con firm ity  w ith  

the  above  w orks and th e  suggestion  of J a n h a r i  (1963) who re p o r te d  

th a t  th e  ro o ts  a ro se  from a p a r t  of th e  p e r ic y c le  in  M ulberry  stem 

cu ttin g s .

The d i f f e r e n t  s tag e s  of rooting o b ta in ed  were a lm ost in

con firm ity  w ith  th e  find ings  of White and Lovell (1984) in  A ga th is .

They found roo t in i t ia t io n  by  16-17 d a y s ,  p r im o rd ia  fo rm ation  by  

18th day  and ro o t  emergence b y  27th d a y .  In cu tt in g s ,  th e  s tages  

of rooting were c le a r  and s e p a ra te  w hile  in  th e  l a y e r s ,  th e  

d i f f e r e n t  s tag es  w ere  no t c le a r  and th e y  w ere  o v e r la p p in g .

BIOCHEMICAL STUDIES

The c a r b o h y d ra te  content in  th e  stem in c re a se d  s te a d i ly  

during roo t in i t ia t io n  up to  p r im o rd ia  form ation  bu t show ed a sudden  

d ec lin e  a t  ro o t em ergence. T h is  was in confirm ation  w ith  th e  

s tu d ie s  of L ovell at^ ad. ,  (1974); Hansen e t  a l . , (1978); D avis and 

P o t te r  (1981) and S pellengberg  (1985) who found a n e t  accum ulation 

of c a r b o h y d ra te s  norm ally  occur u n t i l  roo t em erge from cu tt in g s .

The n i tro g en  content a lso  show ed a s im i la r  t re n d  a s  th a t

of th e  c a r b o h y d ra te s  during  th e  d i f f e r e n t  s tag es  of roo ting .
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Id en tic a l  r e s u l t s  h a v e  a lso  been re p o r te d  by  Basu a t  a l . , (1968)

showing th a t  to ta l  n itrogen  in  th e  b a rk  d e c re a se d  during  roo t

form ation. The so lu b le  N ro se  during  th e  p re c a l lu s in g  and ca llus ing  

s tage , bu t f e l l  b e fo re  ro o t  emergence when th e re  was a net 

s y n th e s is  of p ro te in s .

As in th e  c a r b o h y d ra te s  and N content, C/N ra t io  a lso  

r e v e a le d  a s im i la r  v a r ia t io n  during  th e  s tag es  of ro o tin g .  The h ig h  

C/N ra t io  o b s e rv e d  during  th e  e a r ly  s tag e s  of roo ting  d ec l in ed  a t  

th e  f ina l  s tag e  of emergence of th e  ro o ts .  Sen and Sen (1960) and 

Sen et^ al_., (1965) h a v e  shown th a t  a h ig h  C/N ra t io  was b en e f ic ia l  

fo r  rooting of cu tt in g s .

S ta rch  content in c re a se d  from in i t ia t io n  to emergence in 

so ft  wood and sem i h a r d  wood cu tt ings  bu t t h e r e  was a f a l l  in 

s ta r c h  during  th e  l a s t  s tag e  in  h a r d  wood cu tt in g s .  Leaf sam ples

a lso  showed a s im i la r  f a l l  in  s t a r c h  a t  roo t em ergence.

The num ber of amino a c id s  in a l l  th e  t h r e e  ty p e s  of 

cu tt ings  was more a t  ro o t  in i t ia t io n  and th i s  was fu r th e r  in c re ase d  

a t  p r im io rd ia  form ation bu t showed a fa l l  during  em ergence. 

T ransm ination  and deam ination a re  n e c e s sa ry  s te p s  in th e  p ro d u c tio n  

and accum ulation of p la n t  m e ta b o l i te s .  Hence th e  in c re a s e  in num ber 

of amino a c id s  up to  p r im o rd ia  form ation can only be due to
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transm ination  and th e  fa l l  du8 to deam ination . Measurements in 

cu ttings  h a v e  shown th a t  th e  content of am inoacids  changed l i t t l e  

during  rooting  (Hansen e t  a l . ,  1978 and H aiss ig , 1982).

C uttings a r e  no rm ally  unable to in c re a se  th e  content of

n itrogen  a f t e r  e x c is io n ,  a t l e a s t  u n t i l  new ro o ts  a r e  fo rm ed , bu t th ey

a l t e r  th e  d i f f e r e n t  pool l e v e l s  (amino a c i d s , p r o t e i n s ) . D eterm ination 

in  ro o ted  cu tt ings  r e v e a le d  th a t  P ro l in e  was th e  most abundant 

amino a c id  in newly roo ted  cu tt ings  (Suzuki, 1982). The p re s e n t  

in v es t ig a t io n  showed th e  p re sen c e  of P ro lin e  a t  th e  roo t em ergence 

s tage  in  s em ih a rd  wood and h a r d  wood cu tt in g s .  The p re sen c e  of 

p ro l in e  a c tu a l ly  s e r v e s  a s  a v ia b le  in d ic a to r  of th e  p lan t  to 

s u rv iv e  even  u n d e r  unfavourab le  con d it io n s .  A rg in ine , H is t id in e  and 

A lpha-am ino b u ty r ic  a c id  w ere  not p re s e n t  during  any  of th e  rooting 

s tag e s .  H aissig  (1974) suggested  th a t  roo ting  a b i l i t y  was r e f le c te d  

in  th e  amino a c id  com position  in  such  a way th a t  poo r ro o te rs  

contained  a r e l a t iv e ly  h ig h  content of a rg in in e ,  h i s t id in e  and 

e s p e c ia l ly  a lpha-am ino  b u ty r i c  a c id .  The in c re a se  in  amino ac id  

upto  p r im o rd ia  form ation may be an in d ic a to r  of accum ulation and 

the  sudden  f a l l  r e f le c t s  th e  u t i l i s a t io n  fo r  th e  developm ent of ro o t .

The p ro te in  content showed a g rad u a l  r i s e  upto p r im o rd ia

formation and then  th e r e  was a f a l l  a t  ro o t  em ergence . I t  a p p e a r s

l ik e ly  th a t  aux ins  in i t i a te  s y n th e s i s  of s t r u c tu r a l  o r  enzyme 

p ro te in s  in  th e  p ro c e ss  of a d v e n t i t io u s  ro o t  fo rm ation . The r e s u l t s  

su p p o r t  th e  o b se rv a t io n s  of K nypl (1966) th a t  p ro te in  s y n th e s is  is  

a D re - r e a u is i t e  fo r  roo t form ation .
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The in v e s t ig a t io n s  were c a r r i e d  out a t  th e  Departm ent of

Pomology and F lo r ic u l tu re ,  College of H o r t ic u l tu re ,  V e llan ik k ara ;

C en tra l N u rse ry ,  V e llan ik k a ra  and ARS, Mannuthy from Sep tem ber

1993 to August 1995 to s ta n d a rd is e  th e  p ro p ag a tio n  tech n iq u es  in

B aduvapu li (C i t ru s  p e n n iv ess icu la ta  T a n . ) .  The s a l i e n t  f ind ings  of

th e  in v e s t ig a t io n s  a r e  sum m arised  below:

1. H ard wood cu tt ings  perfo rm ed  b e t t e r  than  sem i h a r d  wood and 

so ft  wood cu tt in g s .

2. IBA was s u p e r io r  to IAA and NAA in  inducing rooting  of cu tt in g s .

3. IBA 1900 mg l -1  p ro v e d  to be th e  most p rom ising  concen tra tion

fo r  t re a t in g  a l l  ty p e  of stem cu tt in g s .

4. IBA 1800 mg l " 1 , IBA 2500 mg l " 1 + IAA 1300 mg I-1  and IBA

-1 -1 2500 mg 1 + IAA 1500 mg 1 a lso  y ie ld e d  good r e s u l t s .

5. F ive  noded cu tt ings  showed r e l a t i v e  s u p e r io r i ty  a s  p lan ting

m a te r ia l .

6. In te rm it ten t  m ist was a n e c e s s i ty  fo r  p ro paga tion  th rough

cu ttings .
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7. Months from F e b ru a ry  to O ctober w ere  s u i ta b le  fo r  p ropagation

through  cu tt ings  w ith  August and Sep tem ebr being th e  b e s t .

8. P resence  of le av e s  was a must fo r  enhancing roo ting  e ff ic ien cy

and q u a l i ty  of ro o ts  in  so f t  wood stem cu tt ings

9 . Banding fo r  fo u r ty  f iv e  d a y s  r e s u l te d  in  enhanced  and e a r l i e r

rooting

10. The pe rcen tage  e s ta b l is h m e n t  of cu tt ings  was h ig h e s t  when 

p lan te d  during  F e b ru a ry -M a rc h .

11. H ard  wood sh o o ts  w ere  most su i te d  fo r  lay e r in g  than  sem i h a rd  

wood and so f t  wood sh o o ts .

12. The b e s t  media fo r  la y e r in g  were coconut f i b r e  and  saw d u s t .

13. Layering can be done from March to O ctober w ith  A p r i l  being 

th e  b e s t  month.

14. Banding th e  sh o o ts  fo r  45 d a y s  gave h ig h e r  p e rcen tag e  and 

e a r ly  roo ting .

15. F ive  d a y s  ringing on 45 d a y s  banded shoo ts  showed b e t t e r  

rooting e ff ic ie n cy  but th e  e f fe c t  was a lm ost same as  45 d ay s  

banding alone.
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16. S u rv iv a l  of l a y e r s  was h ig h  when p lan ted  during  June, Ju ly  and 

Sep tem ber.

17. Soft wood g rafting  was su cc ess fu lly  p e rfo rm ed  in  B aduvapuli 

using Rangpur lim e, Rough lemon, Malta and  Acid lim e a s  roo t 

s to c k s .

18. Rangpur lime was th e  b e s t  ro o ts to ck  fo r  B aduvapu li  showing 

b e t t e r  r e s u l t s  fo r  d i f f e r e n t  c h a r a c te r s .

19. Removal of le av e s  from scion  r e s u l te d  in  to f a i lu re  of 

g ra f t in g .

20. May-June was th e  most su i ta b le  season  fo r  g ra f t in g .

21. Budding m ethods l ik e  T -budd ing , P a tch  budding and ch ip  

budding were a f a i lu re  in B aduvapu li  though d if f e re n t  

p re tre a tm e n ts  were g iven  to th e  buds  and p e rfo rm ed  during  

d i f f e r e n t  m onths.

22. The anatom ical s tu d ie s  in  cu tt ings  show ed th a t  roo t in i t ia l s  

o r ig in a te  from the  p e r ic y c le  in  a l l  th e  th r e e  ty p e s  of cu tt in g s

23. The roo t i n i t i a l s  d e v e lo p ed  15 d a y s  a f t e r  p lan ting , th e  

p r im o rd ia  formed 18 d a y s  a f t e r  p lan ting  and th e  roo t em erged 

on th e  22th  day  of p lan tin g .
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24. Root p r im o rd ia  were found in  l a y e r s  on th e  11 th  day  of

lay e r in g  in  case  of so f t  wood.

25. T here  were no s t r u c tu r a l  anatom ical changes o b se rv e d  in

banded p la n t  p a r t s  used  a s  cu tt in g s  o r  fo r  la y e r in g .

26. Anatomy of g ra f t  union showed th a t  union d id  not tak e  p lace  

in some g ra f t s  due to c e l lu la r  senescence  and c o l la p se  and

form ation  of n e c ro t ic  l a y e r .

27. B iochem ical s tu d ie s  r e v e a le d  th a t  th e  num ber of amino a c id s  

in  a l l  th r e e  ty p e  of cu ttings  in c re a se d  during  ro o t  in i t ia t io n  

and form ation of p r im o rd ia  bu t red u c ed  during  em ergence. The 

p ro te in  content, to ta l  N con ten t, c a rb o h y d ra te  content, C/N

ra t io  and  s t a r c h  content a lso  showed a s im i la r  t r e n d .
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APPENDIX 1

Analysis of variance table for effect of growth regulators on percentage rooting and days to rooting
of cuttings

Percentage rooting

Source Degrees of freedom Mean square F value
Wood 2 0.007 0.417
Growth regulator 11 0.079 4.941**
Error 22 0.016

Days to rooting

Source Degrees of freedom Mean square F value
Wood 2 3.659 1.083
Growth regulator 11 10.261 3.038*
Error 22 3.378

Significant at 5% level
Significant at 1% level
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APPENDIX 2

Analysis of variance table for effect of growth regulators on percentage rooting and days to rooting
of cuttings

Percentage rooting

Source Degrees of freedom Mean square F value
Wood 2 0.505 25.916**
Growth regulator 24 0.215 11.018**
Error 48 0.019

Days to rooting

Source Degrees of freedom Mean square F value
Wood 2 51.433 17.445**
Growth regulator 24 . 4.718 1.600
Error 48 2.948

*

**
Significant at 5% level
Significant at 1% level
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APPENDIX 3

Analysis of variance table for effect of growth regulators on percentage rooting and days to rooting
of cuttings

Percentage rooting

Source Degrees of freedom Mean square F value
Wood 2 0.684 36.767**
Growth regulator 26 0.060 3.221**
Error 52 0.019

Days to rooting

Source Degrees of freedom Mean square F value
Wood 2 68.357 15.520**
Growth regulator 26 4.881 1.108
Error 52 4.404

*

**
Significant at 5% level 
Significant at 1% level
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APPENDIX 4

Analysis of variance table for effect of growth regulators on percentage rooting and days to rooting
of cuttings

Percentage rooting

Source Degrees of freedom Mean square F value
Wood 2 0.151 3.451*
Growth regulator 17 0.056 1.278
Error 34 0.044

Days to rooting

Source Degrees of freedom Mean square F value
Wood 2 2.984 0.616
Growth regulator 17 5.500 1.136
Error 34 4.844

Significant at 5% level



V

APPENDIX 5

Analysis of variance table for effect of growth regulators on percentage rooting and days to rooting
of cuttings

Percentage rooting

Source Degrees of freedom Mean square F value
Wood 2 0.053 1.165
Growth regulator 10 0.237 5.249**
Error 20 0.045

Days to rooting

Source Degrees of freedom Mean square F value
Wood 2 0.814 1.271
Growth regulator 10 0.655 1.022
Error 20 0.641

Significant at 1% level



APPENDIX 6

Analysis of variance table for effect of selected growth regulators, type of cuttings and time on number and length of roots, number of leaves and number of
shoots

Source Degrees of 
freedom

Mean squares F value

No. of 
roots

Length of 
longest root

No. of 
leaves

No. of 
shoots

No. of 
roots

Length of 
longest root

No. of 
leaves

No. of 
shoots

Wood 2 19.189 61.329 28.675 0.68 4.797** 8.234** 2.763 0.712
Growth regulator 7 41.961 116.736 108.319 12.503 10.490** 15.674** 10.438** 13.517*
Wood x growth regulator 14 14.249 18.201 20.115 2.567 3.562** 2.4444* 1.938* 2.776
Errorl 216 4.000 7.447 10.377 0.925
Time 1 33.075 5.655 26.133 4.408 104.143** 2.955* 52.218** 37.195**
Wood x time 2 0.131 4.222 0.108 0.108 0.413 2.206* 0.217 0.194
Growth regulator x time 7 1.113 9.897 2.324 0.399 3.505* 5.173** 4.643** 3.365*
Wood x growth regulator x time 14 0.591 7.260 0.877 7.023 1.860* 3.794** 1.753* 0.593
Error 216 0.317 1.913 0.500 0.119

*
**

Significant at 5% level
Significant at 1% level



APPENDIX 7

Analysis of variance table for effect of number of nodes on percentage rooting and days to rooting of
cuttings

Source Degrees of 
freedom

Means squares F value

Percentage
rooting

Days to 
rooting

Percentage
rooting

Days to 
rooting

Wood 2 0.006 6.428 0.303 2.933
Number of nodes 4 0.460 4.226 22.242** 1.928
Error 8 0.021 2.191

Significant at 1% level
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APPENDIX 8

Analysis of variance table for effect of number of nodes retained on different types of wood on the number of roots, length of longest root and number of
leaves

Source Degrees of 
freedom

Mean Squares F Value

No. of roots Length of 
longest root

No. of Leaves No. of roots Length of 
longest root

No. of Leaves

Wood 2 30.243 2.110 2.730 4.730** 0.428 0.618
Number of nodes 4 140.933 98.429 92.235 22.043** 19.959** 20.880**
Wood x Number of nodes 8 24.506 2.379 1.682 3.833* 0.482 0.381
Error 1 135 6.394 4.931 4.417
Time 1 26.403 10.868 7.363 70.513** 63.160** 17.999**
Wood x Time 2 0.303 0.004 0.008 0.810 0.244 0.204
Number of nodes x Time 4 4.137 1.530 1.603 11.048** 8.892** 3.918**
Wood x Number of nodes x Time 8 0.174 0.132 0.760 0.465 0.765 1.859
Error 135 0.374 0.172 0.409

♦ Significant at 5% level 
Significant at 1% level
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APPENDIX 10

Analysis of variance table for seasonal effect of different types of cutting on number of roots, length of longest root, average length of roots and number of
leaves.

Source Degrees of 
freedom

Mean squares F value

No. of 
roots

Length of 
longest root

Average 
length of 

roots

No. of 
leaves

No. of 
roots

Length of 
longest root

Average 
length of 

roots

No. of 
leave

Wood 2 5.755 8.920 8.087 0.693 0.845 1.178 1.741 0.093
Seasons 11 67.945 53.549 28.361 46.910 9.981** 7.074** 6.106* 6.334**
Wood x Seasons 22 10.907 8.793 6.153 6.782 1.602* 1.161 1.325 0.915
Errorl 324 6.808 7.569 4.644 7.405 69.048** 22.862** 15.489** 28.576**
Time 1 185.034 56.140 28.360 86.113 1.432 3.846* 3.997* 1.447
Wood x time 2 3.838 9.443 7.319 4.362 11.609**1 17.312** 13.354** 7.661**
Season x time 11 31.110 42.512 24.450 23.088 1.295 2.298* 1.967* 1.679*
Wood x Season x time 22 3.469 5.644 3.603 5.061
Error 324 2.679 2.456 1.831 3.013

Significant at 5% level
Significant at 1% level



APPENDIX 9

Analysis of variance table for effect of months on percentage rooting and days to rooting in cuttings
treated with IBA 1900 mgl'1

Source Degrees of 
freedom

Means squares F value

Percentage
rooting

Days to 
rooting

Percentage
rooting

Days to 
rooting

Wood 2 0.003 0.951 0.068 22.387**
Months 11 0.195 0.368 5.109** 8.671**
Error 22 0.038 0.042

Significant at 1% level



APPENDIX 11

Analysis of variance table for effect of leafiness on the rooting of cuttings

Source Degrees of 
freedom

Mean squares F Value

Percentage
rooting

Days to 
root

No. of 
roots

Length of 
largest 

root

No. of 
secondary 

roots

Percentage
rooting

Days to 
root

No. of 
roots

Length of 
largest root

No. of 
secondary 

roots
Months 2 201.367 105.389 62.017 58.214 187.267 11.559** 18.418** 6.989** 16.087** 8.613**
Leafiness 1 8074.774 234.723 5.017 30.405 52.317 463.510** 41.019** 0.565** 8.402** 2.406
Months x 2 249.615 10.722 77.517 10.849 21.017 14.328** 1.874 8.737** 2.997 0.967
Leafiness
Error 12 17.421 5.722 8.872 3.619 21.741

Significant at 1% level



APPENDIX 12

Analysis of variance table for effect of banding on the percentage rooting and days to rooting of
cuttings

Source Degrees of 
freedom

Means squares F value

Percentage
rooting

Days to 
rooting

Percentage
rooting

Days to 
rooting

Wood 2 0.034 0.403 6.17* 16.43**
Days of banding 3 0.048 0.268 8.79* 10.94**
Error 6 0.005 0.025

Significant at 5% level
Significant at 1% level



APPENDIX 13

Anahsis of variance table for effect of banding on the number of roots, length of longest root and number of leaves of cuttings.

Source Degrees of 
freedom

Mean Squares F Value

No. of roots Length of 
longest root

No. of Leaves No. of roots Length of 
longest root

No. of Leaves

Wood 2 3.154 28.295 9.612 0.233 1.486 0.889
Days of banding 3 116.637 215.849 23.015 8.609** 11.337** 2.131
Wood x Days of banding 6 6.871 34.648 2.040 0.507 1.819 0.189
Error 1 108 13.546 19.039 10.801
Time 1 14.504 21.064 21.004 26.892** 140.108** 17.323**
Wood x Time 2 0.379 0.005 1.029 0.703 0.333 0.849
Days of banding x Time 3 1.137 1.425 4.048 2.109 9.477** 3.339*
Wood x Days of banding x Time 6 0.429 0.092 0.724 0.796 0.613 0.597
Error 108 0.539 0.150 1.213

Significant at 5% level
Significant at 1% level



Analysis of variance table for survival rate of cuttings

APPENDIX 14

Source Degrees of 
freedom

Means squares F value

3 MAP 6 MAP 3 MAP 6 MAP
Wood 2 0.011 0.008 0.745 0.977
Months 5 0.078 0.056 5.428* 6.545**
Error 10 0.014 0.009

MAP - Months after planting 
* Significant at 5% level
** Significant at 1% level
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APPENDIX 15

Analysis of variance table for effect of media, wood and months on percentage rooting

Source
Degrees

o f
freedom

Mean squares
Coconut fib ie Sphagnum moss C oir dust Sawdust

%  rooting D tr %  rooting D tr %  rooting D tr %  rooting D tr
Wood 2 0.060 0.023 2.010 8.497 1.994 0.846 0.073 0.634
Months 11 0.355 2.281 0.191 5.617 0.118 7.239 0.188 7.515
Error 22 0.032 2.296 0.049 2.435 0.029 0.734 0.035 0.703

Degrees F Value
Source o f Coconut fib ie Sphaftiummoss C oir dust Saw dust

freedom %  rooting D tr %  rooting D tr %  rooting D tr %  rooting D tr
Wood 2 1.87 0.01 41.38” 3.41 68.69** 1.15 2.08 0.90
Months
Error

11
22

11.05” 0.99 3.93 2.31 4.08** 9.85” 5.37** 10.68**

Significant at 5% ldve l 
S ig iifican ta t 1% ldve l
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APPENDIX 16

Analysis of variance table for interaction effect of different types of wood media and months in layering

Source Degrees of 
freedom

Mean squares F Value

No. of roots Length of 
longest root

Fresh wt. 
of roots

Dry wt. of 
roots

No. of roots Length of 
longest root

Fresh wt. 
of roots

Dry wt. 
of roots

Wood 2 2615.90 15.12 3.49 0.55 63.29** 2.10** 13.15** 7.61**
Media 3 122.11 57.54 0.62 0.18 2.95** 7.97** 2.35** 2.48**
Wood x Media 6 39.61 7.60 0.06 0.07 0.96** 1.05** 0.24** 0.96**
Months 11 2566.87 118.98 4.85 0.48 62.11** 16.48** 18.28** 6.62**
Wood x Months 22 293.04 16.07 0.36 0.06 7.09** 2.23** 1.35** 0.9**
Media x Months 33 453.16 25.98 0.84 0.15 10.96** 3.60** 3.15** 2.05**
Wood x Media x Months 66 127.14 11.20 0.40 0.1 3.08** 1.55** 1.49** 1.32**
Error 288 41.33 47.217 0.27 0.007

Significant at 1% level



Analysis of variance table for effect of banding on percentage rooting and days to rooting in layers

APPENDIX 17

Source Degrees of 
freedom

Means squares F value

Percentage
rooting

Days to 
rooting

Percentage
rooting

Days to 
rooting

Wood 2 0.042 0.027 3.3 2.47
Days of banding 6 0.227 0.341 17.64** 30.8**
Error 12 0.013 0.011

Significant at 5% level
Significant at 1% level
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Analysis of variance table for effect of banding on number of roots, length of longest root, fresh weight and dry weight of roots in layers

APPENDIX 18

Source Degrees of 
freedom

Mean squares F value

No. of roots Length of 
longest root

Fresh wt. 
of roots

Dry wt. of 
roots

No. of roots Length of 
longest root

Fresh wt 
of roots

Dry wt. 
of roots

Wood 2 107.635 3.357 0.736 0.249 6.044** 0.819 6.338** 2.841
Days of banding 6 471.106 17.639 2.335 0.842 26.452** 4.307** 20.086** 9.603**
Wood x Days of banding 12 52.208 7.627 0.778 0.333 2.931** 1.862 6.691** 3.792**
Error 42 17.809 4.095 0.116 3.683

Significant at 5% level
Significant at 1% level



APPENDIX 19

Analysis of variance table for effect of banding + ringing on rooting of layers

Source Degrees of 
freedom

Means squares F value

Percentage
rooting

Days to 
rooting

Percentage
rooting

Days to 
rooting

Wood 2 597.841 237.482 47.852+* 116.584**
Days of ringing 2 1907.289 10.481 7.557** 5.145**
Wood x days of 4 301.231 6.759 2.29 3.318**
ringing
Error 18 91.423 2.037

Significant at 1% level



X X

APPENDIX 20

Analysis of variance table for clTcct of media, wood and months on survival of layers

Source Degrees of 
freedom

Mean squares F value

3 months after 
planting

6 months after 
planting

3 months after 
planting

6 months after 
planting

Months 11 0.462 0.641 3.518** 5.697**
Media 3 0.290 0.312 2.208 2.772
Error 33 0.131 0.112
Wood 2 0.136 0.142 3.737* 4.936**
Media x Wood 6 0.011 0.026 0.308 0.905
Error 88 0.036 0.029

Significant at 5% level
Significant at 1% level



Analysis of variance table for effect of root stock on success of soft wood grafting height and girth of stock and scion

APPENDIX 21

Source Degrees of 
freedom

Mean squares F value

Success of 
grafting

Height Girth of 
stock

Girth of 
scion

Success of 
grafting

Height Girth of 
stock

Girth of 
scion

Rootstock 3 704.708 427.465 0.747 2.409 20.369** 7.036** 1.749 4.765
Error 1 36 34.597 60.757 0.427 0.505
Time 3 107.976 173.925 2.017 4.925 2.770 76.304** 169.83** 196.111
Root stock x Time 9 29.651 29.204 0.003 0.008 0.761 12.812** 3.166** 3.537
Error 108 38.975 2.279 0.001 0.002

Significant at 1% level



APPENDIX 22

Analysis of variance table for effect of precuring treatments of scien and seasonal effect on grafting
success

Percentage treatment

Source Degrees of freedom Mean square F value
Days of defoliation 6 947.92 78.379**
Error 14 12.09

Seasonal effect

Source Degrees of freedom Mean square F value
Months 7 1056.67 15.159**
Error 16 69.71

* Significant at 5% level 
Significant at 1% level
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ABSTRACT

In v es t ig a t io n s  were c a r r i e d  out a t  the  D epartm ent of 

Pomology and F lo r ic u l tu re ,  College of H o r t ic u l tu re ,  V e llan ik k ara ;  

C en tra l  N u rse ry ,  V e llan ik k ara  and ARS, Mannuthy to s ta n d a rd is e  the  

p ropagation  te chn iques  in  B aduvapu li (C i t ru s  p e n n iv ess icu la ta  T a n . ) 

from Septem ber 1993 to August 1995.

From th e  s tu d y ,  i t  was found th a t  cu t t in g s ,  lay e r in g  and 

soft wood g rafting  can be ad o p ted  a s  r e l i a b l e  and successfu l

p ropaga tion  m ethods in  B aduvapu li .  Though budding is  th e  u n iv e rsa l

method of p ropaga tion  in C i t ru s ,  i t  was not su ccess fu l in

B aduvapu li .

In c u t t in g s ,  f iv e  noded h a r d  wood cu tt in g s  and te rm ina l 

so ft wood lea fy  cu ttings  t r e a te d  w ith  IBA 1900 mg 1 1 was found to 

be th e  most su ccess fu l in  r e s p e c t  of p e rc en ta g e  sp ro u tin g  and a l l  

o th e r  q u a l i t a t iv e  roo t c h a r a c te r s .  The t r e a te d  cu ttings  p la n te d  from 

F e b ru a ry  to O ctober gave  good r e s u l t s ,  w ith  August and Septem ber 

p rov ing  th e  b e s t  m onths. F o r  e a r ly  rooting  of c u t t in g s ,  45 d a y s  of 

banding was found to be th e  most r e l i a b l e  m ethod . P lanting  th e  

cu ttings  during F eb ru a ry -M arch  showed the  h ig h e s t  p e rcen tage

s u r v iv a l .
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In l a y e r in g , h a r d  wood shoo ts  la y e r e d  w ith  coconut f ib r e  

o r  saw d u s t  during March to O ctober r e v e a le d  the  b e s t  r e s u l t s

reg a rd in g  rooting e ff ic ien cy  and q u a l i t a t iv e  a s p e c ts  of roo ting .

E a r ly  and h ig h e r  rooting  pe rcen tage  was o b ta ined  w ith  shoo ts  which 

were banded fo r  45 d a y s .  The s u rv iv a l  of l a y e r s  were  h ig h  when 

p lan ted  during th e  ra in y  months of June, Ju ly  and Sep tem ber.

Soft wood g rafting  ( h i t h e r  to not r e p o r te d  in case  of

C i t ru s )  was v e ry  su ccess fu l in B aduvapu li w ith  Rangpur lim e, Rough 

lemon, Malta and Acid lim e a s  ro o t  s to c k s .  Rangpur lim e was found 

to be th e  b e s t  ro o t  s to ck  fo r  B aduvapu li .  F o r  g ra f t in g ,  th e  scion  

shou ld  be p re p a re d  w ith  le a v e s .  The most su ccess fu l  month fo r 

g ra f ting  was M ay-June.

The ro o t i n i t i a l s  were  found to be o rig ina ting  from

p e r ic y c le  in c u tt in g s .  The d i f f e re n t  anatom ical s tag e s  of rooting

were c le a r ly  id e n t i f ie d  in  cu t t in g s .  B iochem ical a n a ly s is  of th e

cu ttings  re v e a le d  th a t  the  amino a c id s ,  p ro te in s ,  n itrogen ,

c a r b o h y d ra te s ,  C/N ra t io  and s ta r c h  content in c re a se d  during

in i t ia t io n  of ro o ts  and p r in io rd ia  form ation bu t d e c re a se d  during  

ro o t  em ergence.


