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INTRODUCTION

Nutmeg ( M y n s t ic a  fragrans H outt.) is  an im portant tree  

spifce belonging to the sm all p r im it iv e  fam ily  M yn s tic a ce a e . I t  

is  unique, among sp ice  plants as i t  produces two separate  and

d is tin c t sp ice s , the nutmeg and mace. The nutmeg p lan t, a na tive  

of the Eastern  Is lands of the Moluccas was introduced to Ind ia  

and other tro p ica l countries during 18th cen tu ry . The shade loving  

nature of the crop makes i t  id ea l fo r in te rcropp ing  in coconut 

p lantations and is  ex ten s ive ly  cu ltiva ted  m the homesteads of Ind ia .

The cu ltiva tio n  of th is  crop in In d ia  is  m ainly confined

to the southern states of K e ra la , Karnataka and Tam il Nadu. The

tota l area under th is  crop  m In d ia  during 1989-' 90 was estimated 

to be 3120 ha w ith a production of 5322 tonnes, of w h ich  Kera la

accounts fo r more than 90 per cent (Sp ices  Board , 1991). The 

production of nutmeg is  not su ffic ien t to meet the in te rna l demands

and a part of the requirem ent is  met through im ports.

D ried  nutmeg and mace find  th e ir  major use as sp ices  fo r 

flavouring . The arom atic o i l is  used fo r flavouring  baked goods, 

cakep, cookies, puddings, p ick les  e tc . M ed ic in a lly  nutmeg acts 

as A stim ulant and ca rm in a tive . Nutmeg butter, the fa t ex tracted

from

and

the seed is  used m the manufacture of scented o i ls ,  perfumes 

soaps and as flavouring  agent m  cookery and con fectionary .
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The tree s  a re  d ioecious in  nature and th e  seed ling  progenies 

segregate in to  male and fem ale m  th e  ra t io  of 1:1 (N ich o ls  and 

P r y d e ,  1958). S e v e ra l attem pts w ere made to  id e n t ify  the sex 

at the seed ling  stage, on the bas is  of le a f  form and venation 

(P re s to e , 1948), co lour of young sp rou ts , seed ling  v ig o u r, chromo­

some m orphology (F la c h ,  1966), shape of calc ium  oxa la te  c ry s ta ls  

on le a f  ep id e rm is  (N a ya r et_ c d . , 1977) and chem ica l methods

(Ph ad n is  and C houdhari, 1971, Zachariah  et  ̂ a K , 1986 and Knshna-  

m urthy a l . , 1992). But none of th ese  methods seems to be

re l ia P le .  On account of th e  u n certam ity  m  p red ic t in g  the sex 

m  nutmeg seed lings , i t  can be determ ined on ly  a fte r  flow ering  

by about 7-8 y e a rs .

In  th is  context the  veg e ta tive  methods fo r propagating fem ale 

p lants have  a d is t in c t  advantage and d iffe re n t methods were 

s tand ard ised  by s e v e ra l w o rk e rs . But th e  com m ercial coverage 

through veg e ta tive  propagules a re  v e ry  much lim ite d  due to the 

u n a v a ila b il it y  of o r th o tro p ic  shoots fo r  la rg e  s c a le  m u ltip lica tio n  

and seeds continue to be th e  m ajor p ropagating  m a te ria l even now.

In  a nutmeg p lan ta tion , fo r successfu l p o llin a tio n  and f ru it  

set ope m ale tre e  need be m aintained fo r e v e ry  ten fem ale tre e s . 

Expecting  a 1:1 segregation into male and fem ale, 50 per cent 

of tpe to ta l tree s  m  any nutmeg p lan ta tion  ra is e d  through 

seed lings  w i l l  be m ales. Cutting down of excess male trees  w i l l  

re su lt Ln ir re g u la r  spacing  and economic lo ss  to th e  g ro w ers . Top
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w ork ing  has got i t s  own s ig n if ica n ce  in  the  case of d ioecious 

p e ren n ia l t re e s  l ik e  nutmeg, s in ce  t h is  p e rm its  th e  trans fo rm ation  

o f u n p ro d u c t iv e  m ales to d e s ire d  fem ales w ith  p recoc iou s bearing . 

T h e re  a re  s p o ra d ic  re p o rts  of su cce ss fu l top w ork ing  m  nutmeg 

but the  method is  not u n iv e r s a lly  adop ted  b y  fa rm e rs  due to 

prob lem s such as low  success percentage and d e la yed  and e r r a t ic  

response. But the  method of top w ork ing  is  w e ll  s ta n d a rd ise d  

in cashew and the  techn iqu e  is  being p ra c t is e d  co m m erc ia lly  to 

re ju ve n a te  u n p ro d u ctive  t r e e s .  In  v ie w  of the  re p o rte d  success 

of top w ork ing  in  o th e r p eren n ia l t re e s  an a ttem pt is  made m 

the  p resen t s tu dy  to s ta n d a rd ise  the  m ethods fo r  top w ork ing  

m  nutmeg and to p robe in to  the  prob lem s encoun tered .



Review ojj JLite.tcLtu.te.
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REVIEW  OF L ITERATURE

L ite ra tu re  perta in ing  to sex problem  and top working 

through budding and grafting  and the fac to rs  influencing th e ir  

success m nutmeg and some of the tree  crops are  b r ie f ly  dea lt 

in| th is  ch ap te r.

2 . I Sex problem

Deinum (1931) found that on an average 55 per cent of 

the mature seeds of nutmeg was fem ale, 40 per cent male and 

5 per cent b isexua l. The sex of t re e  cannot be determ ined w ith 

any degree of ce rta in ity  un til flow ering  has commenced seven to 

e igh t years  a fte r p lanting.

Prestoe  (1948) cla im s to have determ ined the sex of young 

seed lings of nutmeg, less  than 30 cm h igh , by means of lea f form 

and| venation. Leaves of female trees should be n ea rly  e l l ip t ic a l 

w ith more or less s tra ig h t ve in s, w here as male trees should 

possess n ea rly  obovate leaves  w ith  th e ir  ve ins rounded to the 

morfe pronounced point of the le a f . T h is  method was tested by 

planting and observing  u n til fru it in g  and was found to be 85 per 

cent accu rate . However the method has not been used, but F lach  

(1986) th in ks  i t  worth in vestigating  s ince he found a s lig h t 

d ifference  in tree  s ize between fem ale and male tree  w h ile  

studying secondary sex ch a rac te r among four year o ld  seed lings.
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N ich o ls  and P ry d e  (1958) a fte r  re v ie w in g  the  l i te ra tu re

on the su b jec t came to the  conclusion th a t  fem ale and m ale tre e s  

w ere produced ap p ro x im a te ly  in equa l num bers. The v a r ia t io n

in  sex ex p ress io n  was in vestig a ted  and concluded th a t th e re  a re  

both a fem ale  on ly  f lo w erin g  sex and a m ale f lo w e rin g  sex 

segregated in  a 1‘ 1 ra t io .  The la t te r  is  s u b d iv id e d  into four

d iffe re n t groups i . e . ,  un isexual m ales, b isex u a l m ales, true 

b isexua ls  and b isexua l fem ales (F la c h ,  1966).

F la ch  (1966) has postu lated  a h y p o th e s is  on sex determ ina t­

ion in jnutmeg w h ich  in c lud es  the p o s s ib i l i t y  of sex ing the young

seed ling  by a root t ip  method. F la ch  and C ru icksh an k  (1969) 

suggested th a t con tro lled  cro sses  between h ig h ly  producing mother 

trees atjd va r io u s  typ es  of male flo w erin g  tree s  h e ld  p o s s ib i l i t ie s  

of d im in ish ing  the percentage of male trees  in the o ffsp r in g .

Ph ad n is  and C h o u d h an  (1971) in th e ir  t r i a ls  using 0.1 g

of le a f ■ sam ple and ammonium m olybdate reagent found the colour 

d iffe ren ce  to be e f fe c t iv e  m d iffe re n t ia t in g  the  se x . They a lso  

observed  th a t th e  co lour d iffe ren ces  w ere  more m arked in the

f i f th  le a f  co lle c te d  from  o ld  flu sh es  than th e  second lea f from

the new f lu s h .

N ayar et_ al_. (1977) postu lated  a method fo r  d is tin g u ish in g

the  sex by the shape of th e  calc ium  oxa la te  c r y s ta ls  in the  lo w er 

ep id erm al c e l ls  of the le a ve s  of p lan ts  at le a s t two ye a rs  of age.
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K n hnam oo rthy  et_ a^. (1992) stud ied  th e  s u it a b i l i t y  o f some 

of th e  e a r l ie r  repo rted  methods to de tect th e  sex a t th e  nu rsery  

stage. The s tu dy  of c r y s ta l  patterns in the  ep id e rm a l c e lls  of 

th e  lea ves  re ve a le d  th a t the  c r y s ta l d iffe re n tia t io n  was v e ry  c le a r  

in  the  vnature le a f  m  alm ost 70 per cent of male and 78 per cent 

of fem ale p lan ts , w hereas in  the  case of seed lings th e  c r y s ta l 

pattern  was not d e fin ite  and so the sex could  not be d iffe re n tia te d  

m seed lings based on c r y s ta l  s tu d y . The s tu dy  of the seed ling

m orpholog ical t r a it s  l ik e  sprout co lou r, days fo r  germ ination, 

le a f  shape , s iz e , venation e tc . led  to the conclusion th a t none 

of +hese ch a ra c te rs  can be taken as a guide to sex the  nutmeg

p lan ts . Out of a number of co lour tes ts  c a r r ie d  out on the  lea f

exudates or a lc o h o lic  le a f ex tra c ts  of male and fem ale tre e s , the 

ammonium m olybdate  alone gave s a t is fa c to ry  d iffe re n t ia t io n  between 

male and fem ale nutmeg tre e s . T h is  te s t gave a 'fa in t  green '

co lour w ith  the  male and a 'sea  g reen ' co lour w ith  the fem ale

p lan t. T h is  was re p ro d u c ib le  m  the case of a l l  the  tre e s  tested

but not m  the  seed lings .

2.2 Budding on hard  trunk

In  cacao, top w ork ing  t r ia ls  w ere c a r r ie d  out by budding

on hard  trunk but success ra te  was v e ry  low and even a fte r

repeated  budding on ly  th ree  out of s ix  p lan ts  could be su ccess fu lly  

budded (C C R P , 1989-90).
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In  nutmeg, budding on hard trunk was reported  to be

sudcessful (M anithottam , 1992). He observed  tha t patch budding 

was quite successful during Ju ly  and August. Fu rth e r, i t  was also

successfu l on 18 to 24 month old M y r is t ic a  beddomei rootstocks.

2.3 Methods of propagation

2.3). 1 Budding

D ifferent types of budding tr ie d  in various tre e  crops are 

b r ie f ly  rev iew ed  here.

Nutmeg

Postma (1935) observed  30 per cent success w ith  budding 

on rootstock of M y r is t ic a  succedana in Indonesia. N ichols and 

Cru ickshank (1964) rev iew ed  the a v a ila b le  methods of propagation 

m  dutmeg. They reported  that budding was successfu l in nutmeg

and th is  technique offered  the advantage that o ther species of

M y r is t ic a  could be used as rootstocks.

In New Guinea, budding was tr ie d  w ith  M y r is t ic a  argentea 

as rootstock but they  were not successfu l m the long run (F la c h , 

1966). Mathew and Joseph (1979) t r ie d  fo rk e r t  method of budding 

m  ly iyn stica  fragrans and M y r is t ic a  beddomei rootstocks and 

observed tha t percentage of success was v e ry  low (4 per cent) 

m  both rootstocks.
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In  fu r th e r  t r ia ls  on fo rk e r t  budding of nutmeg, Mathew 

(19179) ob served  tha t buds rem ained green under m ist but none 

su n v ived  when taken out. Mathew e t a l .  (1984) opined th a t fo rk e r t  

method of budding would be done on M y r is t ic a  frag ran s  and 

M y r is t ic a  beddom ei roo tstocks  w ith  good amount o f success . They

a lso  o b served  th a t buds rem ained a l iv e  even fo r one y e a r w ithout 

sprouting .

Cacao

M agalhaes (1974) opined that cacao can be s h ie ld  budded 

w ith  an in i t ia l  success of 60 per cent but f in a l s u r v iv a l  when

f ie ld  p lanted  was 40 per cen t. G iesberger and Coster (1977) in 

th e ir  t r ia ls  w ith  green budding and g ra fting  found that fo r 

budding, the  m odified  fo rk e r t  method has a successfu l take  of 

90 to 100 per cent. Kumaran and N a ir (1982) observed  tha t the 

m odified fo rk e r t  method of budding gave best bud take  (60 to 

73 per cen t) than o the r methods l ik e  patch and T-buddm g. Subse­

quent attem pts y ie ld e d  90 to 95 per cent success w ith  th is  method.

Kad je  and Ndjama (1982) m th e ir  t r ia ls  on budding w ith

s h ie ld  and in ve rte d  'T '  methods found th a t take  v a r ie d  from 52 

to 92 per cen t. Praw oto  (1984) o b served  th a t budding done on 

one Year ° l d  seed ling  m  the f ie ld  gave a take of 98 per cent 

compared to 28 per cent success in the  n u rse ry . Keshavachandran

and N a ir (1985) found th a t fo rk e r t  method of budding gave h ighest 

success ranging from 60 to 100 per cent depending on th e  season.
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Nagabhushanam and Nam (1988) conducted t r i a ls  on asexual 

propagation of cacao and found th a t patch budding gave on ly  35 

per cent success . In  top w ork ing of cacao , budding on new chupon 

growth gave cent per cent success alm ost in a l l  seasons (C C R P , 

1987-'88, 1989-1990).

Rubber

Double work ing or crown budding was f i r s t  t r ie d  out in 

Ja v a  m 1926. P o s s ib i l i t y  of forming a tre e  w ith  im proved  ro o t­

s tock , trunk and crown components was a lso  env isaged  by th is

method (De V r ie s ,  1926).

Green budding of ru b b er was f i r s t  d eve lop ed  in North 

Borneo (H u ro v , 1961). Fo r t h is ,  on ly the buds from the le a f a x ils  

of t^e te rm ina l and the two preced ing  w h o rls  of le a ves  of a

shoot, as w e ll as the sca le  buds, could  be used w ithout any 

s ig n if ica n t d iffe re n ce  in budding success o r in  ra te  of emergence

and growth of scion (G ener, 1966, Sam aranayake and Gunaratne, 

1977, Leong and Yoon, 1979). Ooi et_ a K  (1976) re p o rted  90 per 

cent success in  th is  method

Leong and Yoon (1979) repo rted  th a t s ix  d if fe re n t  typ es  

of buds could be used fo r green budding and th ey  o b served  on ly 

l i t t le  d iffe ren ce  in the  budding success or the  subsequent scion

growth in term s of h e ig h t, d iam eter and d ry  m atter p roduction .
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Sena Gomes (1984) t r ie d  brown and green budd ng n the 

f ie ld  and n u rse ry  and found th a t any of th e  fou r methods as 

s u ita b le  fo r ru b b e r p lan ting  in  Southern  B a h ia  But f ie ld  budd ng 

on brown t is su e  gave th e  best re su lts  Top w ork ng was a lso  tr  ed

to reduce th e  w ind damage (Sam aranayake  et_ a t 984)

Gan and Chew (1988) re p o rted  th a t young budd ng on two

month o ld  seed lin g s  and cu tting  back  a f te r  one month qa e on 

48 p er cent s u r v iv a l  but th ey  fu r th e r  o b served  th a t d e lay  ng 

budding to four months and cutting  at two or th ree  months as 

more su ccess fu l

In  ru b b e r brown budding was the e a r l ie s t  deve loped

method of ve g e ta t iv e  p ropagation  Ax l l a r y  buds taken from the 

mature p a r ts  of shoots w ith  the b ark  turn ing  from green to b o n

w ere  used fo r budding Brow n budding was done on seed ling  sto ks

o f s im ila r  age and s iz e  to the  bud st cks  e a r l e r in  the e ld

or n n u rse ry  fo r  the  p roduction  of budded stumps (W eb ste r and 

B a u lk w il l  1989)

Cashew

Ph ad n is  et  ̂ al  ̂ (1971) rep o rted  th a t budding was more

success fu l on one yea r o r o ld e r  seed l ngs than g ra ft ng Fe az 

et a l (1974) op ined th a t patch  budding on e ig h t month o ld  seed 

lin g s  gave  th e  b est re s u lts  Pa lan isw am y and Hameed (1976) a lso  

rep o rted  h ig h e r percentage of success (71 per cen t) w ith  patch
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budding and they  observed  that bud sprouting vas e a r ly  and 

p lan ts  grow v ig o ro u s ly

Nagabhushanam and Rao (1977) in th e ir  t r ia ls  on patch 

budding on 15 to 20 d ays  and s ix  month old seed l ngs repo rted  

v e ry  poor success S im ila r  trend  was ob served  by Rao and Nambia 

(1977) Nagabhushanam (1985) from V it ta l observed  that patch 

budding j j i  s itu  gave b e tte r re su lts  as com pared to tha t n poly 

bags

Rao (1985) repo rted  that patch budding gave the best esu lt 

w ith  41 per cent success among d iffe re n t methods of budding unde 

B ap tla  conditions The works done at V nddh acha lam  gave 75 per 

cent success in patch budding during Ju ly  (Pa lan isw am y et  ̂ al_ 

1985) Khan et  ̂ al^ (1986) from U lla l have reported  th a t fo top 

w orking patch budding gave v e ry  low (18 3 per cent) success 

and growth of sprouts was not ra p id  and so they considered  th s 

techn ique not prom ising fo r top working

Other crops

P re lim in a ry  t r ia ls  on the budding of mango in Kodur showed 

that s h ie ld  budding gave h ighest success in com parison to the 

o ther s ix  d iffe re n t methods t r ie d  (N a ik  1941) fo llow ed  bv pate 

budding Singh and S n v a s ta v a  (1962) observed  that fo rk e r t  method 

of budding was found to be the  best method w ith  10 per cen 

success T h is  method was a lso  cheaper and less  t me consum ng 

com pared to in arch ing



S r iv a s ta v a  (1962) observed  tha t m guava both the fo rke rt 

and patch budding methods gave a com plete take and also found

that p lan ts propagated by fo rk e r t  method grew b etter than those

by the patch method Fu rth e r stud ies m clonal propagation of

guava showed th a t fo rk e r t  method of budding gave b e tte r resu lts

than s h ie ld  o r patch budding (Chandra 1965)

Singh et  ̂ (1982) compared patch and T budding n jack

and found th a t patch budding gave h ighest take of about 90 per 

cent Konhar et  ̂ al_ (1990) from Bhubaneswar reported  that patch

budding gave the h ighest percentage of success (80 per cent

fo llow ed  by ch ip  budding and flu te  budding

In tam arind a comparison of patch and modif ed ring  budding 

perform ed on nine month o ld  seed lings showed that patch budding

was the best method for la rge sca le  m u ltip lica tion  (Pa thak  £t^

al_ 1992)

2 3 2 E ffe c t of p h y s ic a l treatm ents on bud take and sprouting

G ird lin g  the rem oval of complete ring  of bark  (e ssen tia lly

the phloem) is  done to check the downward passage of food

w h ich  gets co llected  above the g ird le  I t  also e ffect tem porary

changes in the balance of nitrogen and p oss ib ly  growth substances 

to induce flow ering  and better fru iting

Mathew and Joseph (1979) used 0 5 per cent urea solution

along w ith  gradual defo lia tion  of the stock in  nutmeg and observed
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that bud sprouting was induced in 15 days They a lso  reported 

that p a r t ia l decapitation of stock above the bud union was found

to be the best to induce the bud sprouting

Mathew et  ̂ al  ̂ (1984) tr ie d  various treatments in nutmeg 

such as notching ringing decapitation and bending of rootstocks 

at budded portion along w ith  GA^ app lica tion  They observed that 

among these treatments bending of rootstocks at bud union point

was found to g ive  cent per cent sprouting w ith in  30 days They 

also observed tha t notching GA^ app lica tion  app lica tion  of liq u id  

manure and ringing were not e ffe c tive  in inducing bud sprouting 

but decapitation tended to k i l l  the budded plants

In c itru s  to break ap ica l dominance and to fo rce  inserted  

bud into growth se ve ra l mechanical and chem ical measures were 

undertaken by Samson (1986) Bending combined w ith topping gave 

s ig n ifican tly  better re su lts  than topping alone and the best p lace 

fo r bending or topping was d ire c t ly  above the bud w h ile  ha lf

ring enhanced the e ffect of bending

2 3 3 E ffect of age of rootstock scion and season 

Nutmeg

Mathew (1979) opined that one year old seedlings which

are uniform in growth can be used as rootstock and the budwood 

(scion ) from one season o ld  shoots of vigorous female trees having 

unsprouted dormant buds can be used fo r fo rk e rt budding Budding
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during Ju ly  gave maximum take S im ila r  resu lts  were obtained 

during March Ju ly  and August (Mathew and Joseph 1979)

Mathew and Joseph (1980) fu rth e r noted tha t maximum bud 

take was m  May w h ich  co incided  w ith  the  flush ing  season m nut 

meg Rainy season ( J u ly )  was found to be id e a l fo r  budding 

(Mathew et_ a l 1984)

Cashew

Phadnis et a l  (1971) opined that budding should p re fe ra b ly  

be done from Septem ber to November on one year or o ld e r seed lings  

to get be tter success Patch  budding on e igh t month o ld  seedlings 

gave the  best budding re su lts  when c a r r ie d  out during the d ry  

season at Pernambuco (F e rra z  et al  ̂ 1974) But Palam sw am y and 

Hameed (1976) observed  tha t Ju ly  budding gave h igh er percentage 

of success fo llow ed  by March A p r il Septem ber and October

Ramana and Reddy (1991) reported  that patch budding gave 

good resu lts  a t Vengurla and V ridhachalam  when c a r r ie d  out on 

2 2 years  old seed lings growing in  nu rsery  beds or containers 

Best tim e was one month a fte r  the beginmg of flow ering  (M arch ) 

In  M aharash tra  Septem ber to November appeared to be the best 

time

Cacao

In Cacao four to f iv e  month o ld  seed ling  rootstocks of 

1 to 1 5  cm diam eter could be su ccess fu lly  budded by sh ie ld
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method as reported  by Magalhaes (1974) Experim ents on green 

budding and grafting  on two to s ix  week old seed ling  rootstocks 

gave best take  (G iesberger and Coster 1977) Kumaran and N a ir 

(1982) found th a t fo rk e r t  budding on s ix  month o ld  Fo raste ro  seed 

lings  gave good bud take (60 to 73 per cent) Bud taken from 

pre cured budwood gave b e tte r re su lts  (73 per cent) than in tact 

bud wood (60 per cent)

Fo r patch budding vigorous four month old seed lings were 

used as rootstocks and scion m ateria l was taken from fan branches 

of a s ing le  clone Success percentage was h ighest m  June and

low est m  Septem ber (Nagabhushanam and N a ir 1988)

O ther crops

In  mango t r ia ls  conducted at B a s t i ind ica ted  tha t one 

year old seed lings was the id e a l rootstocks fo r budding and a lso  

observed  th a t budding in March was sup erio r o ve r A p r i l  and May 

and b e tte r re su lts  were repo rted  during June and Ju ly  re s p e c t iv e ly  

(Teao tia  and M aurya 1970) S im ila r  re su lts  were obtained m two

year o ld  seed lings (P rasad  et al_ 1973)

Patch budding on one yea r old seed lings o f guava from

A p r il  to Septem ber showed that success was h ighest m  May 

fo llow ed  by June (M ehrotra  and Gupta 1984) S im ila r  re su lts  were 

obtained by Kaundal et̂  al_ (1987) In  tam arind patch budding

on nine month old seed lings gave h ighest percentage of success 

during June (P a th ak  et a l 1992)
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2 4 Top w orking

Top work ing means th e  re ju venation  o f an e s ta b lis h e d  p lan t 

t re e  sh rub  o r v in e  e ith e r  by g ra fting  or budding th e  branches 

w ith  new scions

2 4 1 Behead ing the tree

Conversion of u n d es irab le  tree s  o f ap p le  and pear a fte r 

making a fram e have  been repo rted  from In d ia  and abroad  (Maney 

1939 Roberts  1936 G arner 1944 and S r lv a s ta v a  1965a b)

S n v a s ta v a  et  ̂ a l  (1975) ob served  th a t plum tree s  headed 

back w ith in  1 to 1 5 m from the  main c ro tch  during th e  dormant 

season produced a number of new shoots on th e  stumps during 

th e  growing season (s p r in g ) In mango in fe r io r  tre e s  w ere headed 

back to 60 to 90 cm length and the wounds w ere coated w ith  some 

d is in fec tan t l ik e  Bordeaux paste  im m ed iate ly  (Kanw ar and Jaw anda 

1983)

N ah law i et_ al^ (1983) repo rted  th a t m  p is ta ch io  tree s  g ra ft 

ing was most successfu l when done m Feb ru a ry  w ith  tree s  cut 

back to 20 cm and 60 cm height Behead ing the  tree s  0 75 to 

1 00 m above  ground le v e l  was found to be id e a l m  cashew  from 

the po in t of v ie w  of sprouting  and a fte r  care  of th e  successfu l 

g ra ft  and tree s  (Khan et  ̂ a l 1986)
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In  top  w o rk in g  t r i a l s  o f cacao  p la n ts  w e re  cu t back  at 

jo rq u e tte  h e ig h t  and a ls o  a t 30 cm h e ig h t from  ground le v e l  

(C C R P  1987 1988) K a r  et_ al^ (1989) in  an a ttem p t to  top  w o rk  

w i ld  pom egranate w ith  th e  c o m m e rc ia lly  c u lt iv a t e d  pom egranate 

t re e s  w e re  cu t  b ack  to a h e ig h t  o f 90 cm from  th e  ground le v e l  

w h ic h  co u ld  p rod uce  enough sh oo ts  fo r  budd ing  and g ra ftin g

2 4 2 Age o f t re e  and month o f behead ing

In  a s tu d y  on top  w o rk in g  30 y e a r  o ld  R a l ls  Ja n e t  a p p le  

tre e s  w ith  Golden D e lic io u s  a t a p lan tin g  d is ta n ce  o f 7 3 m x 

7 3 m  th e  b es t g row th  and y ie ld s  w e re  ob ta ined  by  g ra ft in g  a t 

30 p o in ts  fo r  t re e  and rem oving  th e  f ru it in g  b ran ch es  on the  

o r ig in a l  v a r ie t y  (th e  in te r s to c k )  m  th e  f i f t h  y e a r  a f te r  g ra ftin g  

(Kon ^  1970) R is t e v s k i  (1972) o p ined  th a t  re w o rk in g  fo u r

y e a r  o ld  Red D e lic io u s  t r e e s  on M 4 ro o ts to ck s  w ith  Golden D e lic io u s  

d u ring  Sep tem b er p roduced  a r a p id  union and in  th e  f i r s t  y e a r  

o f g row th  a to ta l shoot leng th  o f 85 5 m p e r  t r e e  o f 9 5 m p er 

sc io n  w as o b s e rv e d

S n v a s t a v a  et^ al_ (1975) found th a t  25 y e a r  o ld  u n p ro d u tive  

plum t re e s  cou ld  be top  w o rk ed  b y  budd ing  w ith  new plum c u lt iv a r s  

and th e y  cam e to  b ea ring  w ith in  two y e a rs  R e ju ven a tio n  o f peach 

d e b i l ia te d  b y  o v e r  p ro d u c tio n  was a ttem pted  b y  C a s in i a t  ^1 

(1982) E ig h t  y e a r  o ld  C a rd in a l p eaches  w e re  cu t b ack  s e v e r e ly  

betw een  e a r ly  Ju l y  to  m id August and  th e y  p roduced  new crow ns
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and resumed a mean y ie ld  of 160 q/ha w ith  a la rg e  saving in 

management costs

H irobe et_ al^ (1983) conducted stud ies on the top grafting 

of Satsuma c it ru s  v a r ie ty  w ith  Aoshima mandarin He found that

to obtain s ta b le  y ie ld s  and good f ru it  q u a lity  15 scions per tree 

should be grafted  when renewing 12 year old trees  Various

methods w ere used to top work Okitsu E a r ly  Satsuma onto 10 year 

o ld  H ayash i Unshiu trees  on t r ifo lia te  orange ( Poncirus t r i fo l ia ta ) 

stocks Simultaneous replacem ent of the whole canopy by bark  

and s id e  grafting  proved most successfu l and was b ette r than 

s im p le replacem ent of the  main branches by bark  grafting  (Km  

e t a l 1987)

Top working o ld  p is ta ch io  trees ind ica ted  th a t e igh t year 

old trees cut back to 20 cm and 60 cm above ground le v e l and 

grafting  in  Feb ru a ry  was most successfu l as reported  by Nahlaw i

et a l (1983) Top working t r ia ls  were also ca rr ie d  out in nutmeg 

on f iv e  yea r and 13 yea r old male trees by s lo tted  s id e  grafting  

w h ich was a fa ilu re  (M athew et̂  al_ 1984)

Khan et a]_ (1986) attem pted top working m cashew trees

m  the age group of 11 to 26 years  by heading back a t monthly

in te rv a l between Septem ber 1983 and August 1984 They found that 

th e  most su itab le  tim e fo r heading back was between December
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and Feb ruary  S im ila r  resu lts  in cashew were also reported by 

Prasad  et  ̂ al_ (1988) and Pugalendhi and Shah (1991)

2 4 3 Time taken fo r sprouting and number of sprouts

Khan et  ̂ al_ (1986) from U lla l observed that in cashew 

the trees resprouted in 30 to 40 days a fte r beheading On an 

average 50 to 100 sprouts were recorded on each tree  45 days 

a fte r sprouting Prasad «jt al  ̂ (1988) also observed a s im ila r 

trend and sprouting was observed  m 28 to 45 days a fte r beheading 

In s im ila r  experim ents a t Vridhachalam  the cashew trees started 

sprouting m about 25 to 30 days a fte r beheading (Pugalendhi and 

Shah 1991)

2 4 4 E ffe c t of age of rootstock scion and season 

Nutmeg

Mathew (1979) obtained successful take using 12 to 2 year 

old rootstock fo r approach grafting But for s ide  grafting eight 

to tw e lve  month old seedling and nine month old scion was most 

suited and best season was found to be Ju ly  Wedge grafting done 

on one year old seedlings as rootstock gave maximum success 

during March

Mathew and Joseph (1982) m th e ir  t r ia ls  on ep ico ty l grafting 

observed that rootstock of f ir s t  lea f stage having a th ick  stem 

(d iam eter of 0 4 cm or more) w ith su ffic ien t length to g ive  a



20

cut of 5 0 cm long and the scions co llec ted  from the  fem ale grafts  

having a stem diam eter o f 0 3 to 0 5 cm gave more success

Cashew

Patch  budding on s ix  month o ld  seed lings and on one year 

o ld  shoots gave best re su lts  and id ea l months were A p r i l  May

and June (Nagabhushanam 1985) S im ila r  resu lts  w ere obtained 

by Khan et a l (1986) Valsa lakum ari et  ̂ al  ̂ (1985) reported  that 

h ighest success in patch budding was obtained between May or 

June and Septem ber or October

Fo r top working 90 to 110 days old shoots were used fo r

softwood grafting  using scion m ateria l of 0 8 to 1 0 cm g irth  10 

to 12 cm length bearing mature leaves  and having sprouted ap ica l 

buds from th e  p revious seasons growth (P rasad  et  ̂ a l 1988) 

Monsoon period  (June to October) was found to be the best fo r 

com m ercial m u ltip lica tion  as the per cent of success was quite 

high (above 60 per cent) when compared to other months (Swamy 

e t a l  1990)

Pushpa latha  at al  ̂ (1990) opined tha t 25 to 30 days old 

rootstock seed lings could be used fo r softwood grafting  which

was successfu l during the months of March to May T r ia ls  at 

B a p tla  showed tha t one month o ld  seed lings when used as root

sock w ith 10 cm long scion precured  10 days p r io r  to grafting
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gave h ighest success Su itab le  months fo r grafting were August 

September and January (Sarada et_ a l 1991)

Ramana and Reddy (1991) w h ile  review ing  the lite ra tu re  

on propagation of cashew found that fo r side grafting two to

three year old seedlings used as rootstocks in the month of Ju ly

gave best re su lts  But fo r ep ico ty l grafting tender cashew seed lings 

of 10 to 15 days were used as rootstocks and best season was

observed to be during Feb ruary  to May

Rubber

L ins  and Castro (1979) observed that patch budding on 

28 month of seedlings as rootstocks gave highest take when mature 

buds were used Sena Gomes (1984) m  th e ir  t r ia ls  on green

budding on s ix  and eight month old seedlings and budding on 12 

to 16 month old rootstocks observed good percentage of take 

For green budding f iv e  to s ix  month old seedlings w ith the bark 

at the base of the stem turning from green to brown is  used for 

budding (W ebster and Baulk w i l l  1989)

Coffee

C le ft grafting on s ix  month old suckers gave good take 

during October to November (Vossen et al  ̂ 1977) Raghuramalu 

and Purushotham (1987) a lso  reported best success w ith c le ft  graft 

ing on s ix ty  days old seedlings
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2 4 5 Factors influencing bud take and sprouting 

2 4 5 1  Bud dormancy

Dormancy of buds is  defined as cessation of observable 

growth Buds of temperate zone woody plants alternate from active 

growth during the warm season to a dormant state during the cold 

season When seasonal shoot growth ceases, the plants f ir s t  enter 

re ve rs ib le  phase of in ac tiv ity  called prerest quiescence 

or predormancy (Romberger 1963)

Bud dormancy is regulated by interactions between endogenous 

growth promoters and inh ib itors At least three major and several 

minor phases of bud development are recognized each controlled 

by balance of growth hormones Michniewicz (1967) considered 

bud dormancy to invo lve  an interaction of the influence of 

substances inh ib itory  to growth and the promotive influence of 

g ibberellins

Growth inhib itors accumulate in bud scales bud ax ills  

and leaves w ith in buds bringing about dormancy (T ink lin  and 

Schwalae 1970) Three lines of evidence emphasize the importance 

of endogenous inhib itors in the development of bud dormancy

( l )  Under short day conditions the leaves in h ib it growth of

the shoot tip
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( i i )  G enera lly  more in h ib ito rs  are found in leaves and buds

under short day than long day conditions and

( 111) When growth in h ib ito rs  such as ABA are extracted  from

leaves  of a dormant woody plant and reap p lied  to plants 

of the same species that were not dormant p r io r  to ap p li 

cation of the in h ib ito r  shoot elongation stopped and

sequentia l development towards the dormant state was 

in it ia ted  (Wareing 1965)

Ramsay and M artin  (1970) suggested that re lease from bud 

dormancy was regulated by a de licate  balance between growth

promoters (g ib b e re llm s ) and in h ib ito rs

Growth promoters other than g ib be re llm s  also appear to 

p lay  a ro le  in re lease from bud dormancy Kinetin l ik e  a c t iv ity

was absent in dormant buds of w h ite b irch  and balsam poplar

A fte r bud dormancy was broken k inetm  lik e  a c t iv it y  increased

p ro g ress ive ly  un til sh o rtly  a fte r Duds opened and it  decreased 

thereafte r (Domanski and Kozlowski 1968)

Cytokm ins increased m both xylem  sap and buds during 

ch illin g  and bud burst of Populus x Robusta The le v e ls  of 

cytokm ins often decreased m the xylem sap during bud sw elling  

However th is  may have been due to d ilu tion of the sap a fter 

transp iration  became rap id  (Hewett and Wareing 1973a b)
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Browning (1973) found that g ib b e re llin  le v e ls  m coffee 

flow er buds increased and ABA le v e ls  d id  not change when bud 

dormancy was re leased by ram  or irr ig a tio n  T ay lo r and Dumbroff 

(1975) showed increase m cytok in in  a c t iv it y  but no sign ificant 

changes in in h ib ito rs  during dormancy re lease  m sugar maple buds

2 4 5 2 E ffe ct of growth regulators on bud take and sprouting

Parups (1971) in experiments on green house grown roses 

used 0 5 per cent 6 benzyl amino purine (BA ) and 0 5 per cent 

adenine m lano lin  and could obtain bud break and shoot develop 

ment in 34 to 60 per cent of the treated  buds

Green house grown macadamia seedlings w ith the apex e ith e r 

removed or in tact were sprayed  w eekly one to four times w ith 

6 (benzyl ammo) 9 (te tra h yd ro p ra n y l) 9H purine (PB A ) 

at 250 to 1 000 ppm inducing sprouting of a x i l la r y  buds on 42 

to 50 per cent of the p lants (Bosw e ll and Storey 1974)

Brome and Zimmerman (1976) reported a technique for forcing 

the buds of 12 to 18 month old tea crab  app le  seedlings BA (6 

benzyl ammo purine) at 2 000 ppm produced the best resu lts  in 

which d im eth y l su lphox ide was an exce llen t solvent fo r the cyto  

k im ns which s lig h t ly  enhanced th e ir  e ffect

Rehm et  ̂ al_ (1978) observed in s ix  month old arab ica  coffee 

seedlings grown m greenhouse that a p ica l dominance was broken
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and growth of o rtho trop ic  shoots was induced from secondary 

or s e r ia l buds by GA^ alone Except for BA a l l  growth substances 

tested reduced the shoot elongation induced by GA^ Nauer and 

Bosw ell (1981) opined that app lica tion  of BA to quiescent buds 

on single leader c itru s  plants increased the percentage of buds

in itia tin g  a c t iv e  growth

K a th ira v e tp illa i and Kulasegram (1981) conducted t r ia ls  

to a c t iv a te  a x i l la r y  shoots of tea cv  TR I 2025 IAA  (0 5 per 

cent) m  lano lin  app lied  to decapitated stumps and BA (50 250

ppm) induced the plants to remain a c tiv e  and produce more and 

longer shoots However IAA suppressed the production of s ide

shoots

Ja a fa r  (1982) observed that the bud patches of budded

stumps of rubber sprayed  w ith  BA (2 000 ppm) or dikegulac 

sodium ( 2,000 ppm) showed that form er induced more bud 

emergence than dikegulac-sodium but la te r th is  trend was reversed

Works conducted on bud break of roses proved that smearing 

BA (0 25 per cent) in lano lin  paste on the cut surface 0 5 cm

above the a x i l la r y  bud com pletely broke bud dormancy and 

hastened growth (Ohkawa 1984)

In  rubber bud break could be acce lerated  by treating

the bud patches with a formulation containing 2500 ppm A tn n a l 

(d ikegu lac sodium) 5 per cent d im ethyl su lfox ide and 10 per
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cent T riton  X 100 in 50 per cent ethanol which was sprayed

or painted s ix  times on a lte rna te  days ( Ja a fa r  1984) Semeniuk 

and G riesbach  (1985) observed  that BA suspended m lanolin  at 

concentrations of 1 5 25 or 50 mg/ml induced e ith e r  the m itia t

ion of bud growth or the development of la te ra l branches in

pom settia  Bud ap p lica tio n  of 150 kg/ml t cinnam ic ac id  alone

or in combination w ith BA had no e ffe c t in  promoting bud a c t iv ity

In t r ia ls  conducted on the e ffect of some p lant growth

regu lators and urea on the growth of walnut g rafts showed that

GA at 250 ppm fo llow ed  by urea at 0 5 per cent gave good shoot 

growth of 50 8 cm and 47 9 cm re s p e c t iv e ly  ( Jo s h i et  ̂ al_ 1986)

The e ffect of 0 to 6 000 ppm IB A  and 0 to 60 ppm GAÔ
on bud sprouting and growth of budded stumps m Hevea showed 

that IB A  increased  the sprouting percentage of the buds plant

height stem diam eter and root numbers w h ile  GA^ increased  the 

sprouting percentage of the  buds and plant height alone (Hushny 

et a l 1986)

Halim et_ al_ (1990) reported  th a t buds of orange cv 

Valencia  budded on rootstock of Poncirus tn fo l ia ta  remain dormant 

fo r v a r ia b le  periods The re su lts  of soaking m the buds m solut 

ion before budding k ille d  some buds e sp e c ia lly  when GA^ was

used Under moist conditions BA promoted e a r l ie r  bud burst
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2 4 6 G rafting

D ifferent methods of grafting followed in various crops 

a re  b r ie f ly  review ed  here under

Nutmeg

Sundararaj and Varadarajan (1956) have obtained 40 to 80 

per cent success by approach grafting M y r is t ic a  fragrans on the 

rootstock of M m alabarica and M beddomei N ichols and Cruick 

shank (1964) reported 90 per c^nt success in approach grafting 

Shanmugavelu and Rao (1977) also reported  60 to 100 per cent

success in approach grafting in a l l  the th ree  rootstocks M yr is t ica  

m alabarica M beddomei M fragrans Mathew (1979) tr ied  

d iffe ren t methods of grafting and found that approach grafting

gave h igher percentage of success (95 per cent) fo llowed by side 

and wedge grafting (40 per cent)

E p ico ty l grafting in nutmeg using M yr is t ic a  beddomei and 

M m alabarica as rootstocks was reported (CPCR I 1981) C le ft

grafting using lea fy  scion gave 48 per cent and 40 per cent take 

w ith M beddomei and M m alabarica re sp ec tiv e ly

Mathew and Joseph (1982) reported  ep ico ty l grafting in 

nutmeg w ith 48 per cent success w ith M beddomei as rootstock 

and c le ft  grafting using lea fy  scions
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Cashew

Rao et_ al  ̂ (1957) found that s id e  grafting could be success 

fu lly  done m cashew w ith  70 per cent take by p lacing moist moss 

above and below in union Nagabhushanam (1983) reported about 

60 to 68 per cent success m ep ico ty l grafting w ith su itab le 

scions But a modified method was reported  w ith  two bottom

leaves in tact in  the rootstock which gave nearly  45 per cent 

success (Se sh a d r i and Rao 1985)

Das and M ishra (1985) reported that s ide  grafting was

more successful than T budding and they  observed that the best 

months fo r grafting m decreasing order of success (80 to 60 per 

cent) were January February September Ju ly  and June S im ila r ly  

veneer grafting by defo liating  the scion shoots gave 36 per cent 

success but during the ra in y  season 92 per cent success was

obtained (Dhandar 1985) Wedge grafting recorded 75 per cent 

success on eight month old seedlings grafted in March

( Valsalakum ari a l 1985)

The h ighest success m softwood grafting  was reported  during 

A p r i l  (39 6 per cent) on shoots of trees beheaded in January 

and Feb ruary  followed by grafting during August (33 3 per cent) 

on trees beheaded m May (Khan et  ̂ al  ̂ 1986) They also found 

that ra te  of grafting success was increased (80 to 100 per cent) 

by increasing the age of the rootstock and by using fresh  scion
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shoots (Khan et al_ 1989) S im ila r re su lts  were obtained in top 

working (Pugalendh i and Shah 1991 and Pushpalatha et_ al_ 1991)

Coffee

Top grafting in Coffea a rab lca  L was successfu lly  done 

by c le ft  grafting s ing le noded scions w ith  one p a ir  of leaves on 

s ix  month old suckers w hich gave 85 per cent success (Vossen 

et a l 1977) Couturon and Berthaud (1979) described  a technique 

for grafting em bryos of C a rab ica  C canephora and C lib e r lc a

onto C canephora seedlings at co lla r  le v e l and the plants were 

kept in damp sawdust in a saturated atmosphere and potted a fte r 

4 to 6 weeks recording 95 p e r  cent success.

Purushotham (1982) reported  that four month old lea fy

suckers of a rab ica  coffee could be grafted  on four month old 

nrooted robusta lea fy  suckers I t  was observed that rooting and

t ealing of the graft union occurred sim ultaneously w ith in  four 

months and resu lted  m 60 per cent take Reghuramulu and 

Prushotham (1987") observed that s ix ty  days a fte r sowing young 

coffee seedlings could be c le f t  grafted  or wedge grafted The 

rootstock used were Coffea a rab ica  and C canephora and the scion 

components were C a rab ica  alone Best grafting success (95 to 

100 per cent) and better s u rv iv a l of grafted  plants (67 to 90

per cent) were observed on arab ica  rootstock
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Cacao

Cacao could be g rafted  by sadd le  and wedge g ra ft methods 

but th ey  have  l i t t le  com m ercial ap p lica tio n  But to detect v iru s  

in fection in  budwood i t  is  necessary to g ra ft the budwood into 

a su scep tib le  stock fo r w h ich  a rap id  and re lia b le  method suggested 

was s id e  g ra ft technique (Soderholm  and Shaw 1965) G iesberger 

and Coster (1975) observed  nearly  90 to 100 per cent success 

in s id e  grafting  cacao seed lings

Rubber

Comparison between wh ip  grafting  and green budding showed 

that the  form er gave b e tte r re su lts  w ith  regard to the production 

of up righ t p lan ts  in short tim e e s p e c ia lly  m unfavourab le weather 

conditions (M oraes and Muraes 1978) P e re ira  et_ ai_ (1979) in 

th e ir  stud ies on the reduction of the immature phase (7 to 8 

yea rs ) of ru b b er trees shoot ap ices  (3 to 4 cm long) of the 

c v s  IAN 717 IAN 873 and FX 3899 were c le ft  g rafted  onto seeds 

two to f iv e  days a fte r e p ico ty l emergence The best take  was 

obtained when the two la te ra l co ty ledonary  buds were allowed 

to grow u n til a good ca llu s  union was formed

O ther crops

Haldankar at a l (1987) observed  tha t by softwood grafting 

the prom ising genotypes of kokam a d ioecious p lant exh ib iting
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a vast va r ia tio n  in qua lity  and quantity of fru its  could be ra p id ly  

m u ltip lied  fo r commercial purposes They fu rther observed  that 

s u rv iv a l was nearly  70 to 90 per cent

In tam arind softwood and veneer grafting were undertaken 

fo r comparison and the resu lts  ind icated  that percentage graft 

take m softwood grafting was (68 per cent) than in veneer grafting 

(49 per cent) (Purushotham and Narasim harao 1990) S im ila r 

re su lts  were obtained m pomegranate also (K a r et al_ 1989)

Nazeem et ^1_ (1984) tr ie d  se ve ra l methods of propagation

in  ja ck  namely grafting budding and layering  and best success 

was obtained by a ir  layering  ringed shoots E p ico ty l grafting

m jack  gave maximum sprouting of 83 3 per cent when compared

to softwood grafting  wh ich was v e ry  poor (Jo se  and Valsalakum ari 

1991)

Kar et  ̂ al  ̂ (1974) compared se ve ra l methods of top working 

in o l iv e  and found that patch budding fo llowed by T budding and 

side veneer grafting was equa lly  e ffe c tive

2 5 Anatomical studies of bud union

W alter (1932) reported  that mango bud was unique m its  

method of union w ith stock plant He also observed that cohesion 

took p lace only under the bark  not at the s ides The bud was

thus found to be ca rr ied  upward on a cushion of ra p id ly  d iv id ing

cambium c e lls



Mendel (1936) ca rr ie d  out anatomical studies of the bud 

union in  c itru s  The s ix  stages described  m the healing of c itrus 

T-buddmg were stage 1 (24 hours) c e ll  d iv is io n  stage 2 (5 days) 

ca llus  b ridge, stage 3 (10 d ays) d iffe ren tia tion  in  the ca llus  of

bark  flaps and ca llu s  of s h ie ld , stage 4 (5 days) occurrence of 

xylem  tra ch e id s  in the ca llu s  of sh ie ld  stage 5 (25 30 days)

lig n ifica tio n  o f ca llu s  completed in the bark  flap s  stage 6 (30 40 

days) lig n ifica tio n  of ca llu s  completed m the bark  flap s  and In 

the bark  sh ie ld  Callus formation began m a l l  the tissues adjacent 

to wound L ign ifica tion  occured g radually  in the course of 

d iffe ren tia tion

In  walnut, the stages of union of budding was reported 

by Nedev (1969) Grafted buds began to form ca llus  in 5 to 10 

days In those buds the iso la tion  la ye r  m  the f i r s t  few days 

a deep brown lin e  began to be reabsorbed m some places a fte r 

budding Vascu lar elements began to form 20 to 25 days a fter 

budding The d ifferen tia tion  o f scar tissues was most a c t iv e  close 

to the two s ides of the bud sh ie ld  and the vascu la r tissue 

d iffe ren tia ted  more s lo w ly  in s id e  the ca llu s  and complete union 

was obtained m 60 to 65 days

Wagner (1969) reported  that in Malus w ith in  15 minutes 

of the bud being set the grafted  m ateria l had developed a n ecro tic  

p late of m ateria l re leased from m echanically  ruptured c e lls  Callus 

parenchyma c e lls  began to develop from the rootstock xylem rays
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a fte r two days  and broke through the  p la te  a fte r  four days Callus 

c e lls  from the  scion s im ila r ly  ruptured  the n ecro tic  region but 

at th is  stage there  was no cy top lasm ic  connections between the 

rootstock and scion

Soule (1971) conducted d eta iled  stud ies on the anatomy 

of bud union in  mango by ch ip  budding method He observed  the 

four im portant stages in formation of bud union Stage 1 (four 

days a fte r budding) only a wound periderm  form ation stage 2 

(8 days a fte r budding) ca llu s  p ro life ra tio n  from tissues near the 

cambium resu lted  in firm  attachment of components Stage 3 (12

days a fte r  budding) com pletion of cam bial bridge and vascu la r 

tissues w ere d iffe ren tia ted  w ith in  48 days and completion of healing 

union Stage 4 (6  to 8 months a fte r  budding) s e v e ra l c y lin d e rs

of new tissues developed la te ra l s h if t  of scion to a lign  w ith 

the stock had begun

Soule (1971) repo rted  m  mango ex cess ive  growth of

parenchymatous tissue between stock and scion d is to rtion  of xylem  

elements and blockage of vesse ls  in Langra budlm gs examined 

6 and 18 months subsequent to inarch ing  I t  was noted in 

tran sve rse  and ra d ia l sections o f ch ip  buds tha t ex cess ive  ca llu s  

developm ent and im pregnation of la rge  areas of tissue  by wound 

gum d id  occur however where cam bial la y e rs  were not in  close 

alignment o r tissues ad jacent to the cuts were crushed o r o ther 

w ise damaged to a depth o f s e v e ra l la y e rs  of c e lls  D iff icu ltie s
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of th is  nature may induce a poorly  healed or uncongenial union 

resu lting  m  s ic k ly  l iv e d  trees

B a tch e llo r  (1973) found budding of ornamental Eucalyp tus 

f ia fo lia  on rootstocks of E c a lo p h y lla  to be unsuccessful because 

of ex cess ive  ca llu s  formation on the  cut surface

S in so r (1982) re vea led  tha t in incom plete stock and scion 

combination of app le  the xylem  and phloem w ith in  the graft union 

w ere g re a tly  reduced Breakage and fa ilu re  w ith in  the  g ra ft union

of certa in  stock  scion combination was associated  w ith  abnormal 

ra y  developm ent Skene et  ̂ a^ (1983) has suggested tha t in f i l l in g  

of ca llu s  and im proper development of cambium in  between the 

stock and scion was another reason fo r g ra ft fa ilu re  in certa in  

ap p le  v a r ie t ie s  v iz  Cox s Orange P ip p in

Jo se  (1989) found four d is tin c t  stages m  the formation

of g ra ft union in  jack  P ro p e r g ra ft union was obtained 90 days 

a fte r  the g ra fting  operation ca llu s  p ro life ra tio n  was m ostly from 

the p ith  c e lls  In  the  unsuccessful g ra ft fa ilu re  was due to the 

absence of ca llu s  formation between stock and scion forming a 

w ide gap form ation of a th ic k  necro tic  la y e r  between stock and

scion ex cess ive  ca (lu s  production w ithout any d iffe ren tia tio n  to 

cambium leading to fa ilu re  of g rafts  Cut surface of bark  and

pholem some tim es come into each o ther which resu lted  in the 

lack  of p roper ca llu s  form ation and consequent d ry ing  of g ra fts  

The same reasons fo r g ra ft fa ilu re  in  G arc im a m d ica  was

attribu ted  by Nazeema (1992)
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M A TER IA LS AND METHODS

The present study was conducted a t the Department of P lan t 

ation Crops and Sp ices  College of H orticu ltu re  V e llan ik k a ra  

during 1991 to 1993 The nutmeg trees  a v a ila b le  at State  Seed 

Farm Mannuthy and farm ers f ie ld s  a t Mannuthy Ettumuna in 

T h r is su r d is t r ic t  and Neduvannur in Ernakulam  d is t r ic t  were u t il is e d  

fo r the in vestiga tions  The se lected  lo ca lit ie s  enjoy a su itab le  

environment fo r the growth of nutmeg p lan ts w ith  high ra in fa ll 

and warm humid c lim ate throughout the yea r w ith less fluctuations 

m d a ily  tem perature The a lt itu d e  o f the  p lace is  22 25 m above 

mean sea le v e l at 10° 32 N la titu d e  and 76° 16 S la titu d e  The 

methodology fo llow ed  m various  experim ents to standard ise  the 

methods fo r top working of nutmeg are d escrib ed  below

3 1 S tandard isation  o f budding on hard  trunk 

3 1 1 Se lection  of buds

H ea lthy  and high y ie ld in g  fem ale trees were se lected  for 

co llecting  budwood The budwood (sc ion ) was taken from ortho 

tro p ic  shoots w ith  bark  th ickness th a t could match more or less  

the peeled  bark  of the  stock From the se lected  budwood only 

v ia b le  buds were taken w h ich could be id en tif ied  by the sca r 

in s id e  Length and g irth  of budwood and the  number of v ia b le  

and nonviab le  buds on a budwood were recorded



3 1 2 E ffe c t of methods of budding on bud take

3 1 2 1  Patch  budding

A rectangular patch of about 10 to 15 cm length and 5

cm w idth  was marked deep on the trunk Budwood was se lected  

as d e ta iled  in  3 1 1 From budwood bud p iece was removed by

cutting a rectangu lar patch and inserted  on the stock in two ways

( i ) Compact bud p iece exacting the patch of bark  removed
from the  stock

( n )  Loose bud p iece le s se r in  s ize  so tha t when inserted
some space is  le f t  on four s ides

Then the patch of bark  was rem oved from the stock and 

the bud p iece taken as above was in serted  taking care  that the

bud is  not in ve rted  Then i t  was tied  t ig h t ly  w ith  po lythene tape

of 200 gauge th ickness  (P la te  1 and 2)

3 1 2 2  F o rk e r t  budding

A tran sve rse  in c is ion  of about 5 cm was made m the bark

of the rootstock At the  two ends of the  tran sve rse  in c is ion  two

p a ra lle l cuts of about 10 to 15 cm were made and then the bark

was peeled c a re fu lly  upwards Then the bud p iece was inserted

as outlined in 3 1 2  1 and the bud was covered  w ith  bark  flap

and the whole operated portion was secured t ig h t ly  w ith  gunny

thread  (P la te  3 4 and 5)

?6



P la te  1 Patch budding Bud inserted  into the rootstock

P la te  2 Patch budding Bud union a fte r securing w ith  a 
po lythene tape





P la te  3

P la te  4

Fo rk e r t  Budding B a rk  of the rootstock l if te d  fo r 
in serting  the  bud

Fo rk e r t  budding Bud in serted  into the stock 
and covered  w ith  f lap





P la te  5 Bud union a fte r  t ie in g  w ith  gunny th read
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3 1 2  3 M od ified  fo rk e r t  budding

The operations were done as m fo rk e r t  method d escribed  

above except fo r the p a r t ia l retention of the flap  (P la te s  6 and 7 )

The budd ng was done during the months of November and

December In  a l l  the above th ree  methods the binding was

removed one month a fte r budding and f la p  was l i f te d  and removed

A fte r the lapse  of one more month the bud was examined fo r in it ia l

success by scratch ing  The retention of green colour ind ica ted

success and th is  was expressed  as in it ia l  success percentage

3 1 3 E ffe c t  of d iffe ren t typ es  of bud on bud take

These stud ies were conducted during October to December 

in o rd e r to find  out the best typ e  o f bud The treatm ents include 

s ix  d iffe ren t typ es  of buds as g iven below

( i )  bud wood fu l l  brown w ith  lea f

( n )  bud wood fu ll brown w ith  fa llen  le a f

( m )  budwood turning brown w ith  lea f

( i v ) budwood turning brown w ith  fa llen  lea f

( v )  budwood green w ith  lea f

( v i )  budwood green w ith  fa llen  lea f

In  the case of budwood w ith  le a f  the lea f was removed 

p r io r  to budding (P la te  8 ) Fo r each treatm ent four tree s  were



P la te  6

P la te  7

Modified fo rke rt Bud flap  of rootstock cut 
to h a lf  length and bud inserted  into the stock

Modified fo rk e rt Bud union a fte r securing 
w ith  polythene tape





P la te  8 T yp es  of bud u t il is e d  fo r budding a fte r  
rem oving the le a ves
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budded by the fo rk e rt  method as outlined m 3 1 2  2 and the 

in it ia l  success was recorded  as mentioned in  3 1 2 3

3 1 4 E ffe c t of p h y s ic a l treatm ents on sprouting of buds

In  o rd e r to fo rce  the buds to sprout p h y s ic a l treatm ents 

as outlined below were tr ie d  on the scion

( l )  p recuring  scion wood by defo lia tion  10 days before co llec tion
i

( n )  bending the scion wood two weeks before co llection

( m )  stumping th e  scion wood two weeks before co llection

Since these treatm ents were not e ffe c t iv e  another set of 

treatm ents as outlined below were tr ie d  on the  stock a lso

( l )  fu l l  ring ing 20 cm above the budded portion

( n )  stumping of trees 20 cm above the  budded portion

( m )  no stumping or ringing (con tro l)

The in it ia l  success was ascerta ined  as outlined in 3 1 2  3

A fte r these p h y s ic a l treatm ents the bud was observed  fo r sprout 

ing The percentage of sprouting number of days fo r  sprouting 

and growth param eters of sprouts l ik e  g irth  length and number 

of lea ves  w ere recorded

3 1 5 E ffe c t of age of p lant

T h is  t r i a l  was conducted to find  the optimum age of plant 

fo r getting maximum success The p lan ts  in the age group of one
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three four f iv e  ten and eighteen years  were used as rootstocks 

The trees a va ila b le  at the farm ers f ie ld  in Neduvannur m

Ernakulam d is tr ic t  were u t ilis e d  fo r the study

The plants were budded during August by fo rk e rt  method

using uniform ly brown bud w ith fa llen  lea f and leaving  space on

a l l  the four s ides The plants showing in it ia l  success were 

stumped 20 cm above the bud union two months a fte r budding and

the observations on days fo r sprouting percentage sprouting and

growth parameters l ik e  length and g irth  of sprout and number 

of leaves produced were recorded

3 1 6  Influence of season on budding

With a v iew  to standard ise the season budding was done

during June August November and December on ten year old plants 

Method of budding selection of scion and stumping were s im ila r 

as m 3 1 5 and observations exacting 3 1 5 were recorded

3 2 Top working

3 2 1 Influence of height and month of beheading on sprouting

The experim ent was conducted to standardise the height 

and month of beheading fo r maximum production of sprouts Fo r 

p ra ctica l consideration the treatments were fixed  as

( i ) the trees cut above the  f i r s t  t ie r  and

( n )  the trees cut below the f i r s t  t ie r
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To p revent desiccation and d isease in festation the cut 

surface was smeared w ith Bordeaux paste (10 0 per cent) and 

sealed w ith molten wax To protect from the en try  of water i t  

was covered w ith polythene paper Two trees per treatment were 

beheaded at monthly in te rv a l from A p r il 1991 to October 1991

Observations

The beheaded trees w ere c lo se ly  watched and the follow ing 

observations were recorded

( l )  days fo r f i r s t  sprouting

(n )  number of sprouts produced at monthly in te rv a l upto four 
months from the day of sprouting A fte r four months new
sprout production was observed at an in te rv a l of s ix  months

( i n )  growth parameters w h ich include length and g irth  of sprouts 

On these newly produced sprouts budding and grafting were

done

3 2 2 Standard isation of budding on new sprouts

Budding was tr ie d  during a period of nine months starting  

from November 1991 to October 1992 Age of stock could not be

kept constant and the stock in the a va ila b le  age were budded

each month

Selection and preparation of buds were s im ila r  to that 

of 3 1 1 except tha t the th ickness of the budwood was less
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Methods such as patch fo rk e r t  and m odified  fo rk e r t  budding exact­

ing 3 1 2  were t r ie d  (P la te  9) Here th e  bud was covered  w ith  

polythene tape of 250 gauge th ickness  (P la te  10)

O bservations

The binding was removed a fte r  th ree  weeks and the f la p  

of bark  was gen tly  l i f te d  and cut o ff The budpiece was examined 

fo r success by gentle scratch ing  and the in it ia l  success was 

ind ica ted  by the retention of green colour The in it ia l  success 

was recorded  30 days a fte r  budding

3 2 3 E ffe c t  of d iffe ren t typ es  of buds on bud take

In o rd er to s tandard ise  the  typ e  of buds to be used fo r 

budding in  sprouts four d iffe ren t types  of buds were tr ie d  v iz

( l )  budwood fu l l  green w ith  lea f

( n )  budwood fu l l  green w ith  fa llen  le a f

( i n )  budwood fu l l  brown w ith  fa llen  lea f

( i v ) budwood turning brown w ith  fa lle n  lea f

For each treatm ent four sprouts w ere budded during November 

December and Feb ru a ry  Method fo llow ed  was fo rk e r t  budding and 

the bud was kept loose by leav ing  space on a l l  four s id es

3 2 4 In fluence of season and age of sprouts

The experim ents were conducted to find  out the  best season



P la te  9 Fo rk e r t  budding in new sprouts Insertion  
of bud into the stock

P la te  10 F o rk e r t  method Bud union secured a fte r 
in se rtio n  of bud
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and the age of sprout for budding Budding was done during 

November 1991 and from February 1992 to October 1992 excepting 

A p ril Regarding the age of sprouts f iv e ,  seven, eight, twelve 

and eighteen month old sprouts were u tilised  for budding Forkert 

method of budding with brown bud devoid of leaf and loosely 

kept by leaving space on a l l four sides was followed

3 2 5 Effect of physica l and chemical treatments on su rv iva l

As the bud remained a liv e  without sprouting, different 

treatments were tried  to force the buds to sprout

Chemical treatments

(a) Urea 0 5%

(b ) Dimethyl sulphoxide (DMSO) 5%

(c ) Dimethyl sulphoxide (DMSO) 10%

Ph ys ica l treatments

(a ) Stumping

(b ) Half ringing

(c ) Full, ringing

Chemical and physica l treatments

(a ) DMSO (5%) + stumping

(b ) DMSO (5%) + fu ll ring

(c) DMSO (5%) + ha lf ring
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(d ) Urea (0 5%) + stumping

(e ) Urea (0 5%) + fu l l  ring

( f )  U rea (0 5%) + h a lf  ring

(g ) Control

These chem ical and p h y s ic a l treatm ents were given once

in two weeks upto two months

3 3 G rafting

3 3 1 E ffe c t  of d iffe ren t typ es  of scion m ateria l age of stock
and season on grafting  success

Fo r grafting  the  scions were taken from hea lthy  semi

mature o rth o tro p ic  shoots from high y ie ld in g  female trees  Shoots

having 15 to 17 cm length and nearly  of same th ickness  as that

of stock w ith  and w ithout leaves  w ere used as scion E igh t

d iffe ren t typ es  of scions w ere u t ilis e d  (P la te  11)

( l ) F u ll brown w ith  lea f

( 1 1 ) F u ll  brown w ithout lea f

( i l l ) Green w ith  mature lea f

( I V ) Green w ithout lea f

( v ) Turning brown w ith  lea f

( V i ) Turning brown w ithout le a f

( v n ) Tender w ith  lea f

( v m )  Tender w ithout lea f
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In  case of scion w ithout lea ves , the leaves  were removed 

on the day of grafting keeping the petio les in tact on the scion

shoots These scion shoots were severed  from mother trees on 

the day of grafting They were wrapped m banana lea f or poly 

thene t i l l  grafting was done

D ifferent age group of stock plants were also u tilised  

which included one two three and four month old sprouts The

e ffec t of season for grafting was studied  from March to August 

In each treatment four sprouts were grafted

3 3 2 Method of grafting

The grafting operations were done by wedge method of 

grafting The stock was decap itated  about 8 cm from the emerging 

point and a v e r t ic a l in cision  was given upto A to 5 cm from the 

top of the stock The scion was then prepared l ik e  a wedge 

g iv ing  the same length as that of stock w ith  slanting cut on the 

opposite s ides  of basal end of scion w ith a v e ry  sharp  knife

Then the scion was inserted  into the prepared wedge m the stock

and the g ra ft jo in t was f irm ly  tied  w ith polythene s tr ip  of nearly 

200 gauge th ickness (P la te  12 and 13) Humid cap was provided  

w ith polythene bag on the top portion covering  the grafted  part

3 3 2 1 A fte r care  of grafts

The trees were watered regu la rly  m summer months The 

sprouts produced down the graft jo in t were pinched off Once



P la te  11 T ypes  of scion shoot used fo r g ra fting  
in sp routs

P la te  12 In se rtio n  of scion m the wedge cut





P la te  13 G ra f t  jo in t  a f te r  t ie m g  w ith  p o ly th e n e  tape
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in  two days the  humid cap was wetted w ith  w ater to ensure high 

hum id ity

3 3 2 2 Percentage of in i t ia l  and f in a l success

Number of days taken fo r in it ia l  (30 DAG) and f in a l success 

(45 DAG) were recorded  Sprouting of g ra fts  were observed  at 

fo rtn ig h tly  in te rv a ls  and the f in a l s u rv iv a l was recorded  The 

growth param eters of the g ra fts  were recorded  at monthly in te rv a l 

from the tim e of sprouting

3 3 2 3 Extension growth of scion

The growth of scion was measured m  centim etres from the 

point w here th e  scion put fo rth  new extension growth at monthly 

in te rv a l

3 3 2 4 G irth  of rootstock and scion

The g irth  of rootstock and scion o f the g ra ft was measured 

one centim etre below and above the  g ra ft jo in t

3 3 2 5 Number of leaves

Number of leaves  new ly produced at monthly in te rv a l was 

a lso  recorded
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3 4 Anatomical stud ie s of bud union

Anatom ical stud ies w ere conducted to un rave l the  anatomical 

changes con tributing  to budtake and bud sprouting Sam ples were

co llec ted  from successfu l budding w h ich remained unsprouted and 

the  buds w h ich  a re  d ried

3 4 1 Co llection  and p rese rva tion  of samples

Rep resen ta tive  sam ples of the green, unsprouted buds and

d rie d  buds were taken fo r anatom ical stud ies Two sam ples each

w ere co llec ted  fo r each treatment Im m ediately a fte r  co llection

the sam ples w ere processed and p rese rved  as de ta iled  below

The sam ples were k il le d  and f ix ed  using FAA solution (850 

ml of 70 per cent a lcoho l + 100 ml of 40 per cent fo rm aldehyde 

+ 50 ml of g la c ia l a ce tic  a c id ) The specimens were kept in  FAA 

solution fo r 72 hours and then tran s fe rred  to 70 per cent a lcoho l

The sam ples were removed using s te r i l is e d  fo rceps and washed 

in running w ater fo r 30 minutes and f in a l ly  w ith d is t i l le d  w ater

Uniform sections of 40 th ickness w ere taken using R e ich e rt

s lid in g  microtome as per standard  m icrotom y suggested fo r hard 

wood (C u tle r , 1978)

The schedu le  fo llow ed  fo r cleaning and sta in ing the  sections 

were as fo llow s  (Johansen 1940)
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Sections

*
1% a lco h o lic  safran in  (5 to 10 minutes) 

V
30% alcohol (2 minutes)

I
50% alcohol (2 minutes)

I
70% alcohol (2 mintues)

l
80% alcohol (2  minutes)

I
90% alcohol (2 minutes)

I
95% alcohol (20 seconds)

I
Acetone (1 minute)

I
Xylene (1 minute)

1
Mounted using DPX mountant

I
M icroscop ic examination

A second sta in  was used fo r selected  sections The procedure 

followed is  fu rn ished  below
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Sections

V
0 5% toludene b lu e  0 (10 15 minutes)

V
30% acetone (2 m inutes)

V
50% acetone (2 m inutes) 

v
70% acetone (2 m inutes)

V
95% acetone (2 m inutes)

V

Acetone (1 m inute) 

v
X y len e

\K
Mounted using DPX mountant

V
M icro sco p ic  exam ination

3 4 2 Photo  m icrog raph y

T he  s l id e s  w ere c a r e fu lly  exam ined through C a rl Ze iss  

b in o cu la r re se a rch  m icroscope f it te d  w ith  o b je c t iv e  of m agn ificat 

ion ranging from  6 2 to  12 and e ye p ie ce  o f 10x m agn ification
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Photom icrographs o f se lec ted  sections were taken using

photom icrography system  (Z e itz  D ia lux  20EB Germ any) and Kodak

Gold Colour f ilm  of 100 ASA

3 5 S ta t is t ic a l  a n a ly s is

D iffe rence  among the  treatm ents w ith  regard  to th e  per

cent sprouting  w ere tested  by Friedm an two way a n a ly s is  of v a r ia n ce

of ranks as d escr ib ed  by S ie g e l (1956) When the number of rows
2and or columns is  not too sm all i t  can be shown tha t X r  is

d is tr ib u te d  ap p ro x im ate ly  as ch isq u a re  w ith  df K 1 w here

X r

w here  N 

K

R j
K

0 1

12
K

NK (K+ l)
( R j r  3N (K+ l]

J  1 

Number of rows 

Number o f columns

thSum of ranks in the  j  column

D ire c ts  one to sum of the squares of the sums of ranks 

o v e r  a l l  the  K conditions

C o rre la t io n  between age of tre e s  in i t ia l  success p e r cent 

sprouting  w ere  com pared using Spearman rank  co rre la t io n  

co e ff ic ie n t ( r g ) The most convenient form ula fo r computing r g 

is  as fo llo w s  (S ie g e l 1956)
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c ^ 2 r  1 - 6 d i
5

N3 - N

d i D ifference between the two ranks 

r g Spearman rank corre lation  coeffic ient 

N Number of sprouts

Kruska l W allies  one way an a lys is  of variance by ranks

Th is  an a lys is  was done inorder to compare the number 

of trees sprouts, length of sprout and number of leaves produced 

in d iffe ren t age groups The Kruskal W allies  test was defined

by formula (S iege l 1956)

k
12 J3l - 3 (N+l)

N (N + 1) c —  nj 
J  1

Rj Number of samples
thnj Number of cases m j  sample

N nj the number of cases in a l l  samples combined

Rj Sum of ranks m  j th sample (column)
k

^  1 d ire c ts  one to sum over the K samples 
J  1

H is  d is tr ib u ted  approxim ate ly as ch isquare w ith df k-1 fo r 

sample sizes (n j s ) su ff ic ien tly  large
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RESULTS

The re su lts  of the investigations conducted are  g iven below 

4 1 Standard isation  of budding on hard  trunk

Budding was done m some sex determined male trees and

also in ju ven ile  trees to convert them to p roductive  fem ale trees

4 1 1 Se lection  of buds

The v ia b le  and non v ia b le  buds a v a ila b le  on a budstick

were considered as th is  has a pronounced influence on the success

of budding (T ab le  1) The v ia b le  buds were id en tif ied  by the 

presence of the scar in side  and the non v iab le  buds by the 

absence of scar and browning From a mean length of 129 cm 

19 3 buds could be obtained out of which v ia b le  buds and non 

v ia b le  buds were 14 8 and 4 5 re sp e c t iv e ly  Highest number of 

buds was found when the length was maximum As length decreased 

the to ta l number of buds also decreased

4 1 2 Influence of d ifferen t methods of budding on bud take

The influence of d ifferen t methods of budding such as 

patch m odified fo rk e rt and fo rk e rt methods on budtake are 

presented in Tab le  2 D ifferent methods of budding such as patch 

fo rk e rt and m odified fo rk e rt method were tr ied  in two ways by 

keeping the scion bud compact and loose I t  was found that two



52

T ab le  1 Number of buds per budstick  obtained fo r budding on hard 
trunk

S I
No

Length of 
buds t ic k s  

(cm)

G irth  of 
budsticks 

(cm)

Tota l 
number 
of buds

Number of 
buds per 
unit 
length

Number of
v ia b le
buds

Number of 
non v ia b le  
buds

1 250 5 2 55 0 22 41 14

2 220 5 1 24 0 10 18 6

3 200 5 0 25 0 13 19 6

4 135 4 8 20 0 14 15 5

5 110 4 6 15 0 13 12 3

6 120 4 8 17 0 14 14 3

7 85 3 2 14 0 25 10 4

8 75 3 1 10 0 13 9 1

9 55 3 0 7 0 13 5 2

10 40 4 5 6 0 15 5 1



Tab le  2 Comparison o f d iffe ren t methods of budding on hard trunk

Age of
tree s
(y e a rs )

Number of trees  buded and 
of buds

placement In i t ia l  success (percentage) 
2 MAB

SI
No

Month of 
budding Patch

M odified
fo rk e r t F o rk e rt

M od ified  
Patch  fo rk e r t F o rk e r t

Com Loose 
pact

Com
pact

Loose Com Loose 
pact

Com Loose Com Loose 
pact pact

Com Loose 
pact

1 Nov 91 18 3 3 3 3 3 3 33 33

2 Dec 91 18 3 3 3 3 3 3 66 66

MAB Months a fte r  budding

Cfl
GO
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months was needed even to assess the  in it ia l  success Hence in 

the p re lim in ary  experim ents better treatments were selected  based 

on the in it ia l  success only Fo rke rt method w ith  the bud placed 

loose alone was successful during the two months tr ie d  November 

and December w ith 33 33 per cent and 66 66 per cent success 

re sp e c t iv e ly  (P la te  14)

4 1 3  E ffe ct of d iffe ren t types  of buds on budtake

In  order to standard ise  the best typ e  of bud s ix  d ifferen t

types  were tr ie d  fo r fo rk e rt  budding The buds were inserted

by leaving  space The data on the influence of d iffe ren t types 

of buds on budtake revea led  tha t brown budwood w ith fa llen  lea f 

when used fo r budding alone was e ffe c tive  on budtake (50 per 

cent) (T ab le  3)

4 1 4  Influence of p h ys ica l treatments on sprouting of buds

P h y s ic a l treatments tr ie d  on the scion such as precuring 

of scion wood bending and stumping of scion wood were not 

e ffe c tive  m inducing sprouting of buds Three treatments such 

as stumping, ringing and no stumping (con tro l) were tr ied  on the 

stock The data presented m  Table 4 revea led  that stumping (2 

MAB) showed h ighest sprouting per cent (50 per cent) Ringing 

d id  not im part a favourab le  influence on sprouting percentage (25 

per cent) and there  was no d ifference from control I t  was also 

observed tha t stumped trees sprouted ea r ly  (70 days) and



P la te  14 Successfu l bud union In it ia l stage of 
sprout formation

P la te  15 A stumped rootstock producing vigorous sprouts
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T a b le  3 E ffe c t o f d iffe ren t typ es  of buds on budtake

S I Types of buds used
No

In i t ia l  success 
Number of (2 MAB)

trees  ---------------------
budded Number Percentage

1 Budwood green w ith  le a f  4

2 Budwood green w ith  fa lle n  lea f 4

3 Budwood turning brown w ith  lea f 4

4 Budwood turning brown w ith  4
fa llen  lea f

5 Budwood brown w ith  lea f 4

6 Budwood brown w ith  fa llen  lea f 4

MAB Month a fte r budding

50



T ab le  4 E ffe c t  o f p h y s ic a l treatm ents on sp rou ting  of buds

T rea t
ments

Age of
tree s
(y e a r s )

Number 
of tree s  
beheaded

Sprout
mg
(% )

D ays to 
sp rout

G irth
of

sp rou ts
(cm )

Length
of

sp rou ts
(cm )

Number
of

le a ve s

Stumping 18 4 50 70 1 0 8 0 2

Ringing 18 4 25 173 1 0 6 5 1

Contro l 18 4 25 295 0 8 5 0 2
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stumping Su b s tan tia lly  reduced the tim e fo r sprouting when 

compared to o ther treatm ents (P la te  15) Though the  per cent 

sprouting (25 per cent) was s im ila r  m  ringing and contro l the 

days fo r  sprouting d iffe re d  The trees  w h ich were ringed sprouted 

in 173 days whereas trees w h ich  were not stumped took 295 days 

Growth of sprouts showed th a t length of sprout was maximum (8  0 

cm) in  stumped trees  fo llow ed  by trees where ringing was done 

(6  5 cm) G irth  of sprouts (1 0 cm) was not a lte red  by stumping 

and ring ing and i t  was less in  contro l (0 8 cm) The le a f product 

ion on the sprouts was not influenced by the treatm ent and it  

remained same m  stumped trees  and contro l

4 1 5  E ffe c t  of age of p lan t on budding success

The observations recorded  on the  b iom etric  d e ta ils  of trees  

at d iffe re n t age groups (T a b le  5) ind ica ted  tha t as age of tree  

increased  the heigh t and t ie r  at w h ich budding was done and 

g irth  of tree  increased  Eighteen yea r o ld  trees  the  o ldest among 

the treatm ents recorded th e  maximum height (89 00 cm) t ie r  

at w h ich th e  budding was done (4 40) and g irth  of trees (43 80 

cm) In  youngest group of p lants w h ich  were one year old 

budding could be done at a low er he ight (19 00 cm) and t ie r  

(1 00) w ith  lea s t g irth  of p lants (3 9 cm)

The e ffe c t of age of p lants on sprouting of buds were 

assessed (T a b le  6 ) Friedm an s two way an a lys is  of variance



Tab le  5 B io m etric  d e ta ils  of trees  of d iffe ren t age group

;i
■Jo

Age of 
trees 

(y e a rs )

Height at wh ich 
budding done (cm)

G irth  of trees 
(cm) T ie r  at 

budding
Minimum Maximum Mean Minimum Maximum Mean

1 1 17 21 19 00 3 9 4 00 3 90 1 0

2 3 17 58 35 28 6 5 10 00 7 30 1 4

3 4 23 106 65 79 7 0 14 00 10 57 2 4

4 5 48 98 70 14 8 5 18 00 12 92 2 7

5 10 64 80 71 90 18 0 23 00 20 45 3 4

6 18 75 103 89 00 43 8 50 00 43 80 4 4

cri
CM



T ab le  6 E f fe c t  o f age of p lan t on sprouting of buds

S I
No

Age of
trees
(y e a rs )

Number of 
trees  

budded

In i t ia l  success 
(2 MAB) P e r  cent sprouting

Buds
remaining 
green 
(3 FAS) 

(%)
Number Pe r cent 1 FAS 2 FAS 3 FAS Tota l 

3 FAS

1 1 5 4 80 0 0 0 0 0 0

2 3 15 15 100 00 46 70 13 30 33 30 93 30 6 70

3 4 35 32 91 40 31 40 20 00 25 70 77 10 14 30

4 5 7 5 71 40 28 60 42 80 0 71 40 0

5 10 11 8 72 70 9 10 27 20 0 36 30 36 40

6 18 5 3 60 00 20 00 20 00 0 40 00 20 00

FAS Fo rtn ig h t a fte r  stumping

c_n
02
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showed that age of trees d id  not have any influence on per cent 

sprouting in three fortn ights a fte r stumping The percentage of 

in it ia l  success was p o s it iv e ly  corre lated  w ith  per cent sprouting 

As the percentage of in it ia l  success decreased the percentage of 

sprouting also decreased The per cent of in it ia l  success and

sprouting were not s ig n ifican tly  re lated  to the percentage of buds

that remained green

The an a lys is  of age of trees against per cent of in it ia l 

success and sprouting showed a negative corre lation  I t  was found 

that as age of trees increase the per cent of in it ia l  success and 

sprouting decrease (P la te  16 to 19) The data ind icated  that in it ia l 

success was highest (100 per cent) m  th ree year old plants 

fo llowed by four year old plants (91 40 per cent) The minimum 

per cent of in it ia l success (60 00 per cent) was fo r eighteen year 

old trees Three year old plants which recorded highest in it ia l 

success had also  given the maximum sprouting (93 3 per cent) 

in three fortn ights a fte r stumping One year old plants fa iled

to sprout and barring th is  treatment the  lowest sprouting (36 30

per cent) was obtained in ten year old trees which was on par 

w ith eighteen year old plants (40 per cent)

The influence of age of trees on growth of buds are  

presented in Tab le  7 K ruska l W a llis  one way an a lys is  of variance 

showed a s ign ifican t e ffect of the age of trees on the growth of 

buds or sprouts The number of sprouts was maximum (2 6 ) in



P la te  16 A sprouted bud in  th re e  yea r old p lant

P la te  17 A sprouted  bud m  four yea r o ld  p lant





P la te  18 A sprouted bud in f iv e  year old plant

P la te  19 A sprouted bud in ten year old plant



r-* 
*
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Tab le  7 Influence of age of trees on growth of buds

S I
No

Age of
trees
(y e a rs )

Number of
trees
budded

Pe r cent 
sprouting

Number of 
sprouts

Length of 
sprouts 

(cm)

Number of 
leaves

1 3 15 93 30 1 30 8 09 3

2 4 35 77 10 1 05 5 74 2

3 5 7 71 40 2 60 3 29 2

4 10 11 36 30 1 25 2 20 -

5 18 5 40 00 1 00 3 50

K ruska l W a llis  one way ANOVA
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f i v e  y e a r  o ld  t re e s  and minimum ( 1 0 )  in  e igh teen  y e a r  o ld  tre e s  

V igorous sp ro u ts  as in d ic a te d  b y  maximum length (8  09 cm ) and 

num ber of le a v e s  (3 ) w e re  p roduced  in  th re e  y e a r  o ld  p lan ts  

T h is  was fo llo w ed  b y  5 74 cm length  and tw o le a v e s  in  fo u r y e a r  

o ld  p lan ts  Minimum length  (2 2 cm ) o f sp ro u ts  was o b ta ined  in

ten y e a r  o ld  t re e s  T h e  sp ro u ts  d eve lo p e d  on ten and e igh teen  

y e a r  o ld  p la n ts  f a i le d  to  p roduce le a v e s  w ith in  th re e  fo r tn ig h ts  

a f te r  sp ro u tin g

4 1 6 In fluence  o f season on budding success

The re s u lts  in d ic a te d  th a t  season of budding had a 

pronounced e ffe c t  on the  budding success (T a b le  8 ) Spearm an 

ran k  c o r re la t io n  c o e ff ic ie n t  ( r  ) in d ica te d  tha t in i t i a l  success 

was h ig h ly  c o r re la te d  w ith  p e r cen t o f sp rou ting  and as the  p e r

cen t o f i n i t i a l  success and p er cen t of sp rou ting  in c re a sed  the 

tim e taken  fo r  sp rou ting  dec reased  o r  v ic e  v e rs a  Ju l y  w as found 

to  be th e  best season fo r  budding on h ard  tru n k  as budding

d u ring  t h is  month gave h ig h e s t  in i t i a l  success (80 p e r  cen t) and 

a ls o  h ig h e s t  sp ro u tin g  p e r cent (50 p e r cen t) The  le a s t  sp rou ting  

p e r  cent (10 p e r  cen t) was o b se rved  during  Decem ber

C o ns id e rin g  the  tim e taken  fo r  sp rou ting  budding during  

June J u l y  and August w e re  e q u a lly  e f fe c t iv e  and th e  buds sp ro u te d  

w ith in  the  minimum tim e (1 month) Sp rou ting  w as v e r y  much

d e la y e d  (5  m onths) when budd ing  was done in  Decem ber fo llo w ed
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Table 8 Effect of season on budding success

S I
No

Month of 
budding

Age of
trees
(years)

Number of
plants
budded

Percentage 
of in it ia l 
success 

(2 MAB)

Sprouting 

Per cent

(MAS)

Time for 
sprouting

1 June 10 10 70 50 1

2 Ju ly 10 10 80 50 1

3 August 10 10 70 A0 1

A November 10 10 AO 20 A

5 December 10 10 30 10 5

MAB - Months after budding 
MAS Months after stumping
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by November (4 months)

Seasonal influence on growth of buds are presented in Table 

9 The analysis  showed that the length of sprouts and number 

of leaves produced were p os itive ly  correlated The length of 

sprouts was maximum (6 5 cm) during June followed by Ju ly  (6 2 

cm) Budding during Ju ly  recorded maximum number of leaves 

(1 66) Eventhough least sprouting and maximum time for sprouting 

was during December, vigour of sprouts as indicated by length 

and number of leaves was comparable to the best month ( Ju ly )  

Length of sprouts (2 5 cm) and number of leaves were lowest m

August

4 2 Top working

4 2 1 Influence of height and month of beheading on sprouting

Observations recorded on the effect of height and month 

of beheading on days for sprouting are furnished in Table 10 

Beheading the trees above f ir s t  t ie r  during May recorded the 

minimum time for sprouting (53 days) where as trees beheaded

during October took the maximum time fo r sprouting (90 days) 

L ikew ise for the trees cut below f ir s t  t ie r  i t  took maximum of

90 days for sprouting during October and minimum (57 days) 

during Ju ly  The mean height of beheading the trees above and

below f ir s t  t ie r  were 92 5 cm and 86 3 cm, respective ly  Behead 

ing the trees above f ir s t  t ie r  was found to be beneficial in
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T a b le  9 E f fe c t  o f season on growth o f buds

S I
No

Month of 
budding

A ve rag e  length  
o f sp ro u ts  (cm )

Number of le a ve s  
produced

1 June 6 50 1 50

2 Ju ly 6 20 1 66

3 August 2 50 0 00

h N ovem ber 3 25 1 50

5 Decem ber 5 00 1 50

0 7
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Tab le  10 Influence of height and month of beheading on days to 
sprout

S I
No

Month of 
beheading

H eight of 
beheading (cm )

Days fo r f i r s t  
sprouting

Above
f i r s t
t ie r

Below
f ir s t
t ie r

Above
f ir s t
t ie r

Below
f ir s t
t ie r

1 A p r il 113 5 85 5 60 69

2 May 80 0 50 0 53 67

3 Ju ly 99 0 103 0 55 57

4 August 90 0 91 0 59 69

5 October 105 0 102 0 90 90

Mean 97 5 86 3 63 4 70 4
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reduc ing  th e  tim e taken  fo r  sp ro u tin g  1 e 63 4 d ays  as aga in st

70 4 d a y s  in  th e  case  o f t re e s  cu t below  f i r s t  t ie r

Data on th e  sp ro u ts  p roduced  a t m onthly in t e r v a ls  a re

p resen ted  in  T a b le  11 During a l l  th e  months o b se rve d  behead ing 

ab o ve  the  f i r s t  t ie r  p roduced  more number o f sp ro u ts  excep t 

du ring  Ju l y  C ons id e rin g  th e  num ber o f sp ro u ts  p roduced  in i t i a l l y

( IM A S ) behead ing  during  A p r i l  and August w e re  found to  be id e a l

w h ich  re co rd e d  f i v e  sp ro u ts  A  g rad u a l in c re a se  in  th e  p roduct

ion o f sp ro u ts  was o b se rved  as tim e advanced  Behead ing  during

August p roduced  maximum num ber of sp ro u ts  (23 Nos ) fo llo w ed  

b y  tre e s  b eheaded  during  A p r i l  (11 Nos ) 24 months a f te r  sp ro u t­

ing  m  tre e s  cut above  1st t ie r  (P la t e  20) L ik e w is e  sp ro u ts  

p roduced  was maximum (10 Nos ) m  August beheaded  tre e s  and

minimum (5  Nos ) m  M ay beheaded  t re e s  fo r  those  cut below  f i r s t  

t ie r

The  o b se rva tio n s  on length  and g ir th  o f sp ro u ts  a re

tab u la ted  m  T a b le  12 The  tre e s  beheaded  ab ove  f i r s t  t ie r  

p roduced  longer sp ro u ts  m  a l l  the  month ex cep t M ay W ith  reg ard  

to  the  length  of sp ro u ts  one month a f te r  sp ro u tin g , behead ing

ab o ve  f i r s t  t ie r  d u ring  August was most e f fe c t iv e  (7 20 cm )

fo llo w e d  b y  behead ing d u rin g  A p r i l  (6  50 cm) T h is  tren d  was

re ta in e d  a f te r  24 months a ls o  Behead ing  during  August produced  

maximum leng th  o f sp ro u ts  (29 00 cm) fo llo w ed  by  A p r i l  (28 60

cm) a t  fo u r m onths a f te r  sp rou ting



P la te  20 Production  o f sprouts  in beheaded male tree





Tab le  11 Number of sprouts produced at monthly in te rv a ls

S I Month and Number of T ie r  Number of sprouts produced at monthly
No age of tre e s  trees in te rv a l

beheaded beheaded
1 MAS 2 MAS 3 MAS 4 MAS 6 MAS 12 MAS 24 MAS

1 A p r il 4 Above 1st t ie r 5 7 8 8 9 9 11
(10  y ea rs ) Below  1st t ie r 4 5 5 6 6 6 7

2 May 4 Above 1st t ie r 3 5 6 6 6 6 6
(18 yea rs ) Below 1st t ie r 1 1 3 3 3 4 5

3 Ju ly 4 Above 1st t ie r 2 3 3 3 4 4 4
(18 yea rs ) Below  1st t ie r 1 3 4 5 5 6 8

4 August 4 Above 1st t ie r 4 8 12 15 19 22 23
(18 years) Below  1st t ie r 3 4 6 9 9 10 10

5 October 4 Above 1st t ie r 3 3 3 4 4 5 5
(10 yea rs ) 4 Below  1st t ie r 3 3 4 4 4 4 4

MAS Months a fte r  sprouting



T a b le  12 G row th increm ent o f sp routs

S I Month of Number of T ie r  Length o f sp routs (cm ) G ir th  of sp rou ts  (cm )
NO □eneaamg trees

beheaded 1 MAS 2 MAS 3 MAS 4 MAS 1 MAS 2 MAS 3 MAS 4 MAS

1 A p r i l 4 Above 1st t ie r 6 50 14 27 22 50 28 60 1 90 2 40 3 00 3 40

Below 1s t t ie r 4 50 13 13 16 20 19 50 1 50 2 00 2 50 2 90

2 May 4 Above 1s t t ie r 4 16 10 60 15 90 20 60 1 20 1 80 2 10 2 60

Below 1s t t ie r a 00 10 20 13 10 17 80 1 60 1 81 2 00 2 40

3 Ju ly 4 A b ove 1s t t ie r 6 30 13 00 18 60 22 80 1 60 2 00 2 60 2 80
Below 1st t ie r 4 20 10 10 16 30 19 60 1 30 1 80 2 00 2 30

4 August 4 Above 1s t t ie r 7 20 16 30 23 00 29 00 1 70 1 90 2 40 2 90

Below 1st t ie r 4 50 13 00 17 50 21 50 1 20 1 50 1 90 2 30

5 October 4 A bove 1st t ie r 4 20 10 90 17 30 23 00 1 20 1 80 2 20 2 70
Below 1st t ie r 3 70 a 50 13 50 19 80 1 10 1 60 1 90 2 30

MAS Months a fte r  sprouting
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Minimum g irth  of sprouts (1 10 cm 1 MAS) was observed 

m October beheaded trees throughout the period and i t  was

2 30 cm four months a fte r sprouting in  trees beheaded below

f ir s t  t ie r  Maximum g irth  (1 90 cm 1 MAS and 3 AO cm 4 MAS)

was obtained in tree beheaded in A p r il fo llowed by beheading

in August (1 70 cm in 1 MAS and 2 90 cm in 4 MAS) in trees 

beheaded above f i r s t  t ie r  Beheading above the f i r s t  t ie r  recorded

more g irth  of sprouts m a l l  the months tr ie d  except May Sprouts

on October beheaded trees produced the minimum g irth

4 2 2 Standard isation of budding in new sprouts

The number of buds per budstick su itab le  fo r budding on

new sprouts were recorded (T ab le  13) The average length of

budstick  was 101 10 cm w ith  4 54 cm g irth  Total buds per 

budstick was 15 out of w hich 11 80 were v ia b le  buds and 3 20 

were non-viab le The data on the comparison between d ifferen t 

methods of budding namely patch modified fo rke rt and fo rke rt

by two methods of bud placement are  presented in Tab le  14 From 

the tab le  i t  is  evident that among the d ifferen t methods tr ied  

fo rk e rt method w ith the buds placed by leaving  space on four 

sides alone was successful

4 2 3 Influence of d ifferen t types of buds on budtake

Four types of buds were tr ie d  to record its  influence on

budtake (T ab le  15) H ighest success percentage (100 per cent)



S I
No

1

2

3

4

5

6

7

8

9

10
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Number of buds per budstick obtained fo r budding on new 
sprouts

Length of G irth  of Total Number of Number of
budsticks budsticks number v ia b le  non v iab le

(cm) (cm) of buds buds buds

80 6 5 10 8 2

76 5 0 12 8 4

110 4 5 11 11

200 5 1 24 18 6

85 3 8 15 12 3

65 2 9 8 7 1

90 3 1 12 9 3

150 5 2 25 20 5

80 4 8 18 13 5

75 4 5 15 12 3

101 1 4 54 15 11 8 3 2



Tab le  14 Comparison of d iffe ren t budding methods on new sprouts

Months Age of

Number of sprouts budded 
of buds

and placement
In it ia l success 30 DAB « )

sprouts
(months) Patch

M odified
fo rk e rt Fo rke rt Patch

M odified
fo rk e rt Fo rk e rt

Compact Loose Compact Loose Compact Loose Compact Loose Compact Loose Compact Loose

Nov 91 5 4 4 4 4 4 4 50

Dec 91 5 4 4 4 4 4 4 75

Jan 91 5 4 4 4 4 4 4 - - 50

DAB Days a fte r budding
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Tab le  15 E ffe ct of d iffe ren t types of buds on budtake

S I
No

Number of
sprouts
budded

In it ia l
(30

success
DAB)

Types of buds used Number Percentage

1 Bud wood green w ith lea f 4

2 Budwood green w ith 
fa llen  lea f

4 -

3 Budwood turning brown 
w ith  fa llen  leaf

4 1 25

4 Budwood fu ll brown 
w ith  fa llen  leaf

4 4 100

DAB Days a fte r budding
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was obtained from budding done w ith  budwood fu l l  brown w ith  

fa lle n  le a f  fo llow ed  by budwood turning brown w ith  fa lle n  le a f  

(25 per cent)

4 2 4 In flu ence  o f season and age o f sp routs on success

The data on the  seasonal in fluence  and age o f sp routs  on 

success of budding a re  p resented in T a b le  16 The age of sprouts 

could not be kept constant and so the  sp routs a v a i la b le  in  d iffe ren t 

age groups w ere t r ie d  One yea r o ld  sprouts reco rd ed  maximum 

in i t ia l  success (90 per cen t) fo llow ed  by f iv e  month o ld  sprouts 

(80 per cen t) Minimum success (30 per cent) was observed  m 

e ig h t month o ld  sprouts

S im ila r ly  w h ile  ob serv in g  the  g ir th  of rootstock an average 

g ir th  of 5 25 cm was found to g iv e  maximum success (90 per 

cen t) Among th e  d iffe re n t months com pared Ju ly  was found to 

be th e  best season fo r budding (90 per cen t) fo llow ed  by June 

and Novem ber (80 per cen t) The buds rem ained green fo r v a r ia b le  

p e rio d s  I t  was found th a t th e  re ten tion  of v ia b i l i t y  was h ighest 

(6  months) m  one yea r o ld  sp routs budded in  Ju ly

4 2 5 E ffe c t  o f p h y s ic a l and chem ica l treatm ents on sprouting

of buds

In fluence  o f p h y s ic a l and chem ica l treatm ents on sprouting  

o f buds a re  presented  in  T ab le  17 Three  se ts  o f treatm ent v iz



Tab le 16 E ffe c t  of season and age of sprouts on success

S I
No

Month of 
budding

Age of 
sprouts

G irth of sprouts 
(cm ) Number of 

sprouts 
budded

In i t ia l  success 
(1 MAB)

Retention
of

v ia b i l i t y
(M AB)( months) Minimum Maximum Mean Number Percentage

1 November 91 5 3 0 3 5 3 25 10 8 80 D ried  
(4 MAB)

2 Feb rua ry  92 7 4 0 4 2 4 1 10 5 50 D ried  
(3 MAB)

3 March 92 8 4 3 4 5 4 4 10 3 30 D ried  
(3 MAB)

4 May 92 12 4 9 5 5 5 2 10 6 60 D ried  
(4 MAB)

5 June 92 12 4 9 5 4 5 15 10 8 80 D ried  
(4 MAB)

6 Ju ly  92 12 5 0 5 5 5 25 10 9 90 Green uptc 
5 months

7 August 92 18 5 2 5 6 5 4 10 7 70 Greenuptc 
5 months

8 Septem ber 92 18 5 2 5 9 5 55 10 4 40 D ried  
(4 MAB)

9 October 92 18 5 3 6 1 5 7 10 4 40 D ried  
( 3 MARl
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Table 17 Influence of phys ica l and chemical treatments on sprouting 
of bud

Treatment Number Retention
S I in te rva ls  of buds of v ia b il it y
No Treatments treated (MAB)

1 Urea (0 5%) Weekly 4 Dried (2 MAB)

2 DMSO (5%) Weekly 4 Green (7 MAB)

3 DMSO (10%) Weekly 4 Green (6 MAB)

4 Fu ll ring 4 Dried (2 MAB)

5 Half ring - 4 Dried (2 MAB)

6 Stumping 4 Dried (2 MAB)

7 DMSO (5%) + Stumping Fortn ightly 4 Green (6 MAB)

8 Urea (0 5%) + Stumping Fortn ightly 4 Dried (3 MAB)

9 DMSO (5%) + fu ll ring Fortn ightly 4 Green (8 MAB)

10 Urea (0 05%) + fu ll ring Fortn ightly 4 Dried (3 MAB)

11 DMSO (5%) + half ring Fortn ightly 4 Dried (8 MAB)

12 Urea (0 5%) + ha lf ring Fortn ightly 4 Dried (4 MAB)

13 Control - 4 Dried (4 MAB)

MAB - Months a fter budding
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chem ical p h y s ic a l and combination of both were compared Of

the  chem ica ls  used d im eth y l su lphox ide  (5 per cent) was found

best than o ther two Urea at 0 5 per cent caused d ryness of buds 

a fte r two months of budding S im ila r ly  DMSO (10 per cent)

resu lted  in  low retention of v ia b i l i t y  than that of DMSO at f iv e  

per cent S im ila r ly  in p h y s ic a l treatm ents none was found

successfu l m inducing sprouting These treatm ents caused e a r ly

death of th e  buds (2 MAB)

Among th e  p h ys ica l + chem ical treatm ents ap p lica tion  of 

DMSO + fu l l  ring and DMSO + h a lf  ring  was found eq u a lly  e ffe c tiv e  

in  retention o f v ia b i l i t y  Alone or in combination w ith  p h ys ica l 

treatm ents urea was found to k i l l  the buds a fte r  sho rt periods

when compared to control

4 3 G rafting

4 3 1 In fluence of d iffe ren t typ es  of scion and age of stock on

g ra ft success

D ifferen t typ es  of scions were t r ie d  and the re su lts  ind icated  

that p recuring of scion was not b en e fic ia l and d id  not g iv e  any 

grafting  success and such g ra fts  w ilted  w ith in  15 days The tender 

scion w ith  and w ithout le a f when g rafted  was found to w i lt  m

f iv e  days i t s e lf  though p rov ided  w ith  humid cap The cutting

of wedge was found to be d if f ic u lt  as age of stock increases and 

two month o ld  stock was found to be the optimum fo r getting
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grafting success Among d iffe ren t typ es  of scions t r ie d  fu l l  green 

w ith  mature le a f alone gave success Among d iffe ren t months tr ie d  

grafting  during March alone was successfu l g iv ing  50 per cent

success (T a b le  18)

4 3 2 Growth param eters of grafted  sprouts

Growth increment of grafted  sprout is  presented m Tab le

19 and dep icted  in  P la te  21 Growth of the sprout was found 

to be gradual and m s ix  months tim e th e  in crease  in  length was 

6 8 cm w ith  an added le a f  production of 18 numbers The f i r s t  

t ie r in g  o f sprouts w ere from four centim etres length of scion and

a fte r  four months of sprouting High number of s id e  sprouts

(seven ) was a lso  observed

4 4 Anatomical stud ies

4 4 1 General anatomy of bud

A mature bud is  an em bryonic shoot o r part of a shoot

bearing at the  tip  the a p ica l meristem from w hich i t  orig inated  

Most la te ra l buds in it ia te  in  lea f a x ils  and a r is e  from re la t iv e ly

s u p e rf ic ia l tissues The in it ia t io n  of bud in vo lve s  c e l l  d iv is io n  of 

c e l l  la y e rs  m  the  le a f a x i l  to form a bud protrusion as w e ll

as the  organisation of the a p ica l meristem V egetative  buds v a ry

g re a tly  m m aturity  More commonly how ever they contain a sm all 

mass of m eristem atic tissu e  nodes internodes and sm all rudim entary
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Tab le  18 Influence of d iffe ren t typ es  o f scion and age of stock on 
g ra ft success

Month of Age of T ypes of
grafting  sprouts scion

grafted

In i t ia l  success (20 DAG) 
percentage

F u ll Turning F u ll Tender
brown brown green

March 1 MAS With lea f 

W ithout lea f

2 MAS

3 MAS

With le a f

W ithout lea f

W ith le a f

W ithout lea f

50

4 MAS

With le a f

Without lea f

DAG Days a fte r  grafting  
MAS Months a fte r sprouting



T a b le  19 G row th  param eter of g ra fted  sp rou t

S I  Months
No a f te r

g ra ftin g

In c rease  in g irth

Stock Sc ion

Extension  
length  of 
scion  

(cm )

Number of
lea ve s
produced

1 Ja n u a ry 3 0 2 0 13 00 2

2 F e b ru a ry 3 5 2 3 14 70 5

3 M arch 3 8 2 9 16 30 9

4 A p r i l 3 9 3 3 17 10 12

5 M ay 4 1 3 8 19 00 17

6 June 4 3 4 2 19 80 20



P la te  21 A su cce ss fu l g ra ft  s ix  months a f te r  g ra ftin g

P la te  22 Anatomy o f the  stem





S I

leaves w ith  buds in  th e ir  a x i ls  a l l  enclosed in bud sca les  In  

buds le a f  prom ordia appear in upward succession Hence la rg e r 

and o lder le a f  pn m o rd ia  are  located at the bud base and the 

sm alle r rud im entary  leaves  occur tow ards the growing point

^ 2  G eneral anatomy of th e  stem

In  o rde r to understand the typ e  of c e lls  from w h ich ca llus  

formation and bud union occurs the  s tructu re  of mature stem was 

studied  in d e ta il (P la te  22)

T ran sve rse  sections from mature stems of the unbudded 

seed lings re vea led  a com para tive ly  w ide p ith  which is  

paranchymatous In  the secondary xylem  s o lita ry  or occasional 

groups of two to th ree  m u ltip le  ve sse ls  were found arranged in 

r a d ia l rows C lo se ly  spaced u n ise r ia l homogenous ra y s  often plugged 

w ith  gummy m filte ra tio n  seperated  by two to th ree  rows of f ib re  

tissues could be traced  A d is tin c t  cam bial zone and many sm all 

tanniferous c e l ls ,  s ie v e  tubes and companion c e lls  constituted 

secondary phloem A w e ll defined hypoderm is and ep iderm al la y e r  

capped w ith  cu t ic le  could a lso  be seen

Most of the c e lls  in the  secondary xylem  except those 

ad jacent to the cambium were lig m fie d  Vessels are  often plugged 

w ith  ty lo s is  (plugging m ate ria l) S ca la r ife ro u s  perfo rations present 

in  the p la te  of vesse ls  revealec/ the  b as ic  p r im it iv e  feature of
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the fam ily  Profuse occurrence of tannin containing vesse ls  is  a 

rem arkable feature of the anatomy of th is  species

4 3 3 Anatomy of bud union

Anatomical studies of e a r ly  union formation showed the 

necrotic  or in ac tive  tissues exposed when stock and scion were 

wounded L iv e  c e lls  of wood ra ys  m the most recen tly  formed 

xylem , cam bial la ye rs  and most recen tly  formed phloem could 

be traced New xylem tissues which were produced from stock 

p ro life ra te  towards the scion During budding bark  s ide  of the 

stock w i l l  be wounded The dark necrotic  line  is  the wounded 

portion of the stock The gap w i l l  be f i l le d  by the ca llus  tissues 

produced from th e  bark  s id e  of the stock its e lf  in due course 

(P la te  23)

The P la te  24 re ve a ls  the orientation of the c e lls  towards 

the scion I t  could also be seen that the stock c e lls  formed 

subsequent to budding are  sh ifted  c ircu m feren tia lly  to the wounded 

portion

The undifferentiated  ca llus tissue extends r a d ia lly  from 

the stock w hich was found orienting towards the scion near the 

bud portion T h is  could be seen c le a r ly  in P la te  25 The gap 

w hich is  found m between w i l l  be f i l le d  by the new ly produced 

ce lls  from the scion A c le a r  cambium (cam bial in it ia ls )  which



P la te  23 Anatomy of bud

P la te  24 O rientation of c e lls  from stock towards 
the scion portion





P la te  25 Formation of ca llus  from the stock towards 
the scion

P la te  26 Cambium producing secondary xylem and 
phloem
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produces secondary xylem  in s id e  and second phloem outside could 

be seen in  P la te  26 The ca llu s  production from both stock and 

scion took p lace  w hich re su lts  in  good union (P la te  27)

During union formatioon the c e lls  p ro life ra te  from the 

cam bial la y e rs  (secondary tissu e ) w h ich  was found d irected  

towards the bud which resu lts  in a good union The bud scar 

along w ith  the orientation  of secondary xylem  c e lls  tow ards the 

bud is  v is ib le  m P la te  28

In la te r  stages of union formation the wound was com plete ly  

healed by the ca llu s  production from both stock and scion T h is  

is  p rob ab ly  w ith  c lo se r matching of the scion tissu e  to the root 

stock stem (P la te  29)

T issues on the  stock opposite the scion had normal configur 

ation of c e lls  The d iffe ren tia tio n  of app aren tly  normal secondary 

xylem  and phloem from cam bia l la y e rs  in  the  ca llu s  was observed  

Th is  shows the p ro p e rly  healed union of the scion w ith  stock 

(P la te  30)

4 4 3 F a ilu re  o f bud union

In  specimens showing poor union least ca llu s  developed 

beneath the  b a r*  f lap  and the la rg es t woody b ridge which 

accounted fo r low take I t  was a lso  observed  that th e re  was ve ry



P la te  27 Completed bud union

P la te  28 United portion of stock and scion





P la te  29 A good union of stock  and scion w ith  cam bia l c e lls

P la te  30 United bud w ith  good cam bia l c e l l  form ation
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sp a rse  developm ent o f new xylem  tissu es  in  the bud s h ie ld  g iv ing  

a poorer union The d r ie d  bud w i l l  s p l i t  o ff in  due course (P la te  

31)

In  P la te  32 th e  o r ig in a l s to ck  wound sca r and innerface

of th e  o r ig in a l scion are  p resent as lin e s  of necro tic  c e l ls  The 

lo w er end of th e  ca llu s  tapered  to  a pocket lin ed  w ith  necro tic  

c e lls  in c lud ing  those rep resen ting  th e  o ld  stock flap



P la te  31 S p lit t in g  of bud portion

P la te  32 N ecro tic  c e l ls  contribu ting  to bud fa ilu re





'L/licuiii&n
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DISCUSSION

Nutmeg (M yn is tica  fragrans Houtt ) is  usua lly  propagated 

through seeds but the seedling progenies have a long pre bearing 

period and ex h ib its  dioecious nature and hence there  w il l  be 

segregation of the sex into male and female usually  m 1 1 ra tio  

The absence of a re lia b le  technique to id en tify  the sex in the 

seedling stage warrants the maintenance of the unproductive male 

trees upto the flow ering  stage which takes 5 to 7 years The

destruction of the male trees a t th is  stage in vo lves  great economic

loss to the growers Top working is  claim ed to be a successful 

method to transform  unproductive male trees to p roductive female 

trees in nutmeg But a proper method of top working is  not 

standardised m nutmeg so fa r  Top working is  tr ied  with 

advantage in cashew to rejuvanate unproductive trees In the 

present study the worth of top working to transform  male nutmeg 

p lants to p roductive  females is  being probed

5 1 Standard isation  of budding on hard trunk 

5 1 1  Selection of buds

Selection of buds is  the most important facto r in budding

I t  affects the success of budding as w e ll as sprouting of buds 

In nutm=g the presence of non v ia b le  buds demand the selection

of proper buds to ensure budding success The non-viable buds 

ahe ind ica ted  by browning and absence of bud scar on the inner



86

s id e  of th e  b a rk  The v ia b le  buds on the  o ther hand have  a 

deep sca r of the  bud inner to the b ark  The im portance of bud 

se lec tion  was s tressed  by Manithottam  (1992) and opined th a t 

s leep ing  buds or non v ia b le  buds should be avo ided  w h ile  tak ing  

buds In  th e  p resent s tu dy  the  average  number of v ia b le  buds 

obtained fo r  budding on h a rd  trunk was 14 8 out o f 19 3 buds 

a v a i la b le  on a bud stick  having  an average  length o f 129 cm Thus 

i t  is  confirm ed th a t both v ia b le  and non v ia b le  buds a re  p resent 

m  nutmeg and so se lec tion  of v ia b le  buds is  w arranted  m 

budding

5 1 2 In flu ence  o f d if fe re n t methods o f budding on hard  trunk

The th re e  d iffe re n t methods of budding t r ie d  w ith  two 

methods of bud placem ent in d ica ted  th a t fo rk e r t  method w ith  

the  bud p laced  lo o se ly  lea v in g  space on a l l  the  fou r s id es  alone 

was success fu l The in i t ia l  budtake observed  was 33 33 per cent

and 66 66 per cent during Novem ber and December re s p e c t iv e ly

In  com pact p lacem ent of buds d ry in g  was observed  w h ich may 

be due to the exudation o f phenols from the wounded portion of 

th e  b ark  w h ich  accum ulate at th e  c lo s e ly  p laced  cut ends The

ra in w a te r sweeping from the trunk a lso  get absorbed  at the 

c lo s e ly  p laced  cut ends w h ich  causes decay and u ltim ate  bud 

fa ilu re  F o r  the  same reason th e  fo rk e r t  budding w here  th e  f la p  

o f b ark  is  re ta ined  above th e  bud is  advantageous in  d ra in ing  

out th e  w a te r and keeping the  bud com pact w h ich  lead  to good

bud take
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th a t patch budding on hard  trunk of nutmeg trees  to be more 

successfu l when compared to other methods the present re su lt 

can be considered  as the fu rth e r im provement of e a r l ie r  works 

Because e a r l ie r  works ind ica ted  tha t top working of nutmeg trees 

were not a t a l l  successfu l (C PC R I 1984) However success of 

fo rk e r t  method of budding was observed  in  ce rta in  f ru it  crops 

l ik e  guava (S n v a s ta v a  1962 and 1964 Chandra 1965)

5 1 3 E ffe c t  of d iffe ren t typ es  of buds on bud take

Of the  s ix  d iffe ren t typ es  of buds tr ie d  fo r fo rk e rt  

budding, d ark  brown coloured bud m  the  a x i l  of fa llen  leaves 

gave maximum success of 50 per cent T h is  observation  co rroborates 

th e  repo rt of Mathew (1979) that dormant buds from mature 

budwood of one season old were id e a l fo r budding in nutmeg 

Precuring  of budwood to enhance budtake o f  cacao was reported  

by Pa rad es , 1949 Kumaran and N a ir 1982 Thus the present study 

re vea led  the im portance of natura l curing and mature budwood 

w ith  am ple food re se rves  fo r successfu l budding in nutmeg

5 1 4  Influence of p h y s ic a l treatm ents on sprouting of buds

In  nutmeg as reported  e lsew h ere  and observed  m the 

present study buds remained green w ithout sprouting fo r long 

periods Attem pts on precuring  of scion wood by de fo lia tion  ten
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days before co llection  bending the scion wood and stumping of

scion wood two weeks before co llection  were not e ffe c tive  m

inducing the sprouting So the p h ys ica l treatments such as stumping 

and ringing were tr ie d  on the stock to induce the buds to sprout 

These treatments were given two months a fte r budding when in it ia l  

success could be ascerta ined The resu lts  showed that stumping 

was most e ffe c tiv e  in bringing the buds to sprout, w ith 50 per 

cent sprouting Stumping was also found to be benefic ia l in

reducing the time for sprouting of buds (70 days) as against 173 

days in rigning and 295 days in contro l The sprouts produced

from stumped trees were also vigorous as ind icated  by the length 

and g irth  of sprouts and lea f production

In con firm ity  w ith the present find ing Manithottam (1992) 

a lso  observed that sprouting of buds could be induced by stumping 

nutmeg trees one month a fte r the rem oval of the polythene tape 

In  f ru it  trees l ik e  mango and c itru s  decapitation is  a common 

p ractice  to fo rce  the growth of an inserted  bud (Bhan et  ̂ a l 

1969 Samson 1986) The benefic ia l e ffect of stumping can be 

exp la ined  by the fa c t that when ap ica l dominance is  d isturbed 

the buds below are  ac tiva ted  and they s ta rt to sprout In contrast 

w ith  the present finding p a r t ia l decapitation of stock above the 

bud union was reported to be the best to induce bud sprouting 

in nutmeg and fu ll decapitation tended to k i l l  the budded plants 

and buds remained a l iv e  even fo r one year w ithout sprouting
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(C PC R I 1979 and 1984) T h is  type  of re la tionsh ip  was also

reported in cacao i n cacao seedLings, modified fo rk e rt budding 

was found superio r and snapping back about 10 cm above the bud 

two weeks a fter budding was p racticed  to encourage the bursting 

of buds (Kumaran and N a ir, 1982)

5 1 '  E ffect of age of rootstock on success of budding

In order to standardise the age of rootstock fo r budding, 

s ix  d ifferen t age groups from one year to eighteen year were

selected Three years old plants gave maximum in it ia l success and

sprouting (100 per cent and 93 3 per cent, re sp e c t iv e ly ) and

minimum in it ia l  success was observed fo r eighteen year o ld  trees 

and minimum sprouting (36 3 per cent) in ten year old trees

As age of p lant increases the success percentage and sprouting 

percentage were also found to decrease Height and g irth  of the 

tre^ at w hich budding was done had also good influence on

budding success As the age of p lant increases there is  every  

chance fo r the height and g irth  of tree  to increase and the 

success percentage decreases

In the present study budding made on one year old seedlings 

fa iled  to sprout suggesting that a minimum g irth requirement is  

essentia l fo r bud spi outing Th is  may be the reason fo r getting

budding success with two year old rootstock as reported e a r lie r  

(C PC R I, 1979 1980 1984 Manithottam, 1992) Top working in
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th ir ty  year old trees of apple (Kon et a l , 1970), 25 year old

plum (Sn va s ta va  et  ̂ al  ̂ 1975) twelve year old Satsuma mandarin 

(Hirobe at al̂  1983) and 11 to 26 year old cashew (Khan et al

1986) were reported to be successful, but the success percentages 

were found to d iffe r I t  is  to be presumed that the type and

age of the tree influence the success percentage as indicated by

the present study also

Budding done on younger plants was also found to be advant­

ageous m getting ea rly  sprouting and vigorous growth of sprouts 

In three year old plants 46 7 per cent of the plants sprouted 

w ith in  the f ir s t  fortnight against 9 1 per cent in ten year old 

plants Vigorous sprouts as indicated by maximum length (8 09 

cm) and number of leaves (3) were produced in three year old 

plants followed by four year old plants Added advantage of

budding in younger plants was that it  could be done at a lower 

height which reduces the chance for wind damage through branch

snap at the bud union

5 1 6 Influence of season on success of budding

Budding success was found to be influenced by season 

The best season for budding on hard trunk was found to be Ju ly

which recorded highest in it ia l success (80 per cent) and also

highest sprouting per cent (50 per cent) The in it ia l success was 

found to be h igh ly correlated with sprouting The time taken for
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sprouting was a lso  in fluenced by the season of budding The budd 

mg done during June Ju ly  and August were eq u a lly  e ffe c t iv e  and 

the buds sprouted w ith in  the minimum tim e (1 month) Tim e fo r 

sprouting was found to be enhanced when budding was done in 

December (5 months) T rees budded during June recorded  maximum

length of sprouts (6  5 cm) fo llow ed  by Ju ly  (2 5 cm) budded

trees Budding during Ju ly  recorded maximum number of leaves

(1 66)

T h is  observation  is  in con firm ity  w ith  Mathew (1979) and

Mathew et  ̂ (1984) who found that budding done during Ju ly

gave maximum take m nutmeg In  guava and cashew a lso  Ju ly  was 

found to be the best season (S n v a s ta v a  1962 Palam sw am y and 

Hameed 1976) In  cocoa budding success was h ighest m  June 

fo llow ed  by Septem ber in four month old seed lings as reported  

by Nagabushanam and N a ir (1988) The favou rab le  influence of 

ra in y  months o ve r d ry  months on budding success as reported  

by s e v e ra l w orkers in d iffe ren t crops could be v isu a lise d  in th is  

study a lso

5 2 Top w orking

5 2 1 In fluence o f height and month of beheading on sprouting

The trees  were beheaded above and below f i r s t  t ie r  to 

fin d  out the  com parative  sprout production I t  was observed  tha t 

trees beheaded above f i r s t  t ie r  produced more sprouts (23) and
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also less time (63 4 days) fo r f i r s t  sprouting in contrast to 10 

sprouts and 70 4 days fo r f i r s t  sprouting fo r the trees  cut below 

f ir s t  t ie r  As the height of beheading m creasesthe  sprout product 

ion also  increases Trees beheaded during August produced more 

sprouts (23) and those during October produced minimum sprouts 

(5 sprouts) Considering the number of sprouts produced trees 

beheaded during August was found superio r w ith maximum sprout 

production in trees cut above and below f ir s t  t ie r  Beheading 

during August was also benefic ia l m getting vigorous sprouts as 

ind icated  by maximum length at 24 months a fte r sprouting Regard 

ing the growth of sprouts, maximum length (29 00 cm) and

maximum g irth  (2 90 cm) were observed in August beheaded trees 

Minimum length (20 60 cm) and g irth  (2 60 cm) were observed 

m trees beheaded during May

For top working, heading back at d iffe ren t heights was 

followed m other tree  crops In plum trees heading back w ith in  

1 to 1 5 cm from the main cro tch and top working by budding

gave good y ie ld  (S r iv a s ta v a  et  ̂ al_ 1975) Cashew trees headed 

back to about 0 75 - 1 5 m at monthly in te rv a l between September 

1983 and August 1984 resprouted in 30 35 days (Khan et  ̂ a l

1986)

5 2 2 Standard isation of budding on new sprouts

In  the case of budding on new sprouts a lso  the number

of v ia b le  buds per budstick  were accounted A budwood measuring
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101 cm length w ith a g irth  of 4 54 cm gave an average of 15 buds 

out of which 11 80 were v ia b le  and 3 20 were non v ia b le  E x p e r i­

ments conducted w ith d iffe ren t methods of budding on new sprouts

n nutmeg showed that fo rke rt budding w ith  bud kept by leaving 

space on a l l  the four s ides gave h ighest success percentage In 

confirm ity  w ith the present finding Mathew (1979) has also

reported success in fo rk e rt  budding of one year old nutmeg

seedlings Of the four types  of buds tr ied  fo r fo rk e r t  budding 

h ighest success percentage (cent per cent) was obtained from

budding done w ith budwood fu l l  brown with fa llen  lea f followed

by budwood turning brown w ith fa llen  le a f (25 per cent) Green 

buds were found unsuitable fo r budding which fa ile d  to g ive  any 

response

Studies on the influence of season and age of sprouts on 

budding success showed that the sprouts which were one year

old recorded maximum in it ia l  success (90 per cent) w ith a minimum

(30 per cent) m eight month old sprouts P re fe re n tia l influence 

of Ju ly  budding on budding success was also reported  from CPCRI 

(1984) in nutmeg and Singh and S r iv a s ta va  (1962) in mango Age 

of rootstock was also found to be a facto r determining budding 

success as observed by Prasad  et̂  al  ̂ (1973) m mango

5 2 3 Influence of p h ys ica l treatments on budding

The buds remained a l iv e  fo r months together w ithout sprout 

mg and so p h ys ica l and chem ical treatments were tr ie d  to force
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the  buds to sprout None of the treatm ents was e ffe c t iv e  m

inducing bud burst In ru bber d im eth y l su lphox ide  (5 per cent) 

was found to induce bud break ( Ja a fa r  1984) but th is  benefic ia l

e ffect was not noticed in the  present study However d im ethyl 

su lphox ide  (5 per cent) was found to be the  best w h ich  helped 

in  the  retention o f v ia b i l i t y  fo r a longer period  (7 months) Urea 

(0 5 per cent) and stumping the  rootstock above the bud union

were le a s t e ffe c t iv e  m inducing sprouting and th is  is  in  con firm ity  

w ith  the re su lt  of budding t r ia ls  m  nutmeg reported  from CPCRI

(1979 and 1984)

5 3 Grafting

The experim ents on scion se lection  showed tha t precuring

of scion and rem oval of leaves  p r io r  to grafting  w ere detrim ental 

fo r g ra ft success Retention of le a f on the scion was found to

be essen tia l and scion shoot w hich were fu l l  green w ith mature 

le a f alone gave a successfu l g ra ft union The d iffe ren t age group

of sprouts t r ie d  fo r grafting  showed th a t two month old stock 

was optimum fo r getting grafting  success As age of stock increased 

cutting of wedge was found to be d if f ic u lt  and have a negative 

influence on success Among the d iffe ren t months tr ie d  success

was obtained only during March Compared w ith  budding on hard  

trunk grafting  was found to be le ss  successfu l corroborating  the 

repo rt from C PC R I (1982) in  top working nutmeg
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Seasonal influence on grafting in d iffe ren t crops was found

to be v a r ia b le  In cashew, fo r top working, softwood grafting 

done during A p r il  gave h ighest success fo llowed by March (Khan 

et a l 1986) Propagation done during the month of March to 

May was found to be id ea l fo r cashew under M adakkathara condit­

ions (Pushpa latha  et  ̂ a l 1991) E p ic o ty l grafting m cashew at

U lla l produced maximum take during February to May (M urthy 

et a l , 1985)

The growth parameters of the grafted sprouts in nutmeg 

showed that m s ix  months the increase m length was 6 8 cm w ith 

an added lea f production of 18 numbers High number of s ide 

sprouts (seven ) was also observed

5 4 Anatomical studies

The anatomy of the otem revea led  that the vesse ls  were

blocked w ith ty loses  i  e the plugging m ateria ls The gummy 

exudate m ainly consists of phenols which cause deleterious effect 

on the new ly inserted  bud and hinder the union The long time

for healing the union is  because ca llus production in it ia te s  from 

the bark s ide  of stock which orients towards the scion and quick 

and p roper union can be ensured i f  there  is  ca llu s  production 

from the scion s id e  which appear to be a ra th e r slow process 

m nutmeg
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During union form ation the c e l ls  p ro life ra te  from the 

cam bial la y e r s  w h ich  was found d ire c te d  tow ards th e  bud w h ich  

re su lts  m  a good union as ob served  in  mango and c it ru s  (Sou le 

1971 Skene et al, 1983)

D iffe ren tia tio n  of c a llu s  to new xylem  tissu es  a lso  in it ia te  

from  th e  s tock  s id e  and p ro life ra te s  tow ards  th e  sc ion  The gap 

was found to be f i l l e d  by th e  ca llu s  t issu es  produced from stock

The anatom ical ob serva tio n s  of th e  d r ie d  up buds suggest 

th a t the  fa i lu re  of bud union can be a ttr ib u ted  to poor ca llu s  

developm ent and v e ry  sp a rse  d iffe re n tia t io n  of xy lem  tissu es  in 

the  bud s h ie ld  even a fte r  s e v e ra l d ays  o f budding w h ich  lead  

to a la rg e  woody gap between stock  and scion Form ation o f th ic k  

necro tic  c e lls  on th e  wounded su rface  of the stock and scion 

w h ich  h in d e r ca llu s  developm ent is  another p rob ab le  reason fo r 

bud fa ilu re

When th e  stock was cut back  to fo rce  th e  sc ion  bud into 

a c t iv e  growth new ca llu s  w i l l  be p ro life ra te d  to hea l the  union 

w h ich  w i l l  not get united w ith  th e  o ld  ca llu s  p ro b a b ly  due to 

the  slow  production o f in i t ia l  c a llu s  F a ilu re  can a lso  be a ttr ib u ted  

to  the above  reason w h ich  is  in  lin e  w ith  the fin d in g  of Jo se  

(1989) m  ja c k  and Nazeema (1992) m  G a rc in ia  cambogia
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The resu lts of the present study bring out the usefulness 

of jjn s itu  budding even before sex determination as a re liab le  

technique to assure femaleness and p roductiv ity  in nutmeg In 

situ plants with the vigorous root system enable faster growth 

of the inserted bud This increased growth rate has an edge over 

the observed slow growth of grafted plants In  a crop lik e  

nutmeg, which exh ib its  d im orphic branching, a v a ila b il ity  of ortho­

tropic shoots is  a lim iting factor fo r com nercial production of 

vegetative propagules Viewing from th is  angle also budding 

which enable production of more number of propagules from a 

budstick is  preferentia l over grafting Further work to standardise 

the _in situ  budding methods for plants younger than three years 

is  warranted
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SUMMARY

Investigations on top working in nutmeg were ca rried  out 

at the Department of Plantation Crops and Sp ices College of Horti 

cu lture V e llan ik ka ra  during the period 1991 93 Fo r the study

nutmeg trees at State Seed Farm Mannuthy farm ers f ie ld  a t

Mannuthy and Ettumuna in T h n ssu r d is tr ic t  and Neduvannur in 

Ernakulam d is t r ic t  were used The follow ing experim ents were 

undertaken during the course of investigation

( l )  Budding on hard trunk

( n )  Beheading the male trees and then budding and grafting

on the emerging sprouts 

( i n )  Anatomical studies of the bud union

The sa lien t findings of the study a re  summarised below

The two types of buds namely v iab le  and non v ia b le  

could be d istinguished by the presence of bud scar at the inner

s id e  of the bark fo r the v ia b le  buds and absence of scar and

browning in  the non v ia b le  buds The v ia b le  buds alone produced 

good union

Standard isation of the methods of budding on hard trunk 

revealed  that fo rk e rt budding was most successful when compared 

to patch and modified fo rk e rt  methods For successful union the

buds should be placed by leaving  space on a l l  four s ides For
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obtain ing maximum success the  buds should  be se le c ted  from brown 

budwood w ith  fa lle n  lea ves

The t r i a ls  conducted to  s tudy th e  e ffe c t o f p h y s ic a l trea t 

ments on sprouting  of buds in d ica ted  th a t stumping the p lan ts 

two month a fte r  budding was th e  most e f fe c t iv e  in a ch iev in g  a

q u ick e r bud b u rs t Stumping had th e  added advantage of producing 

vigorous sp routs Ringing 20 cm above the  bud union a lso  had

a fa vo u rab le  in fluence  on sprouting  when com pared to con tro l

The observa tio ns  on the  b io m etric  d e ta ils  of trees  at 

d if fe re n t age groups showed tha t as age of t re e  in creases  the 

he igh t and t ie r  a t  w h ich  budding can be done and g irth  of the 

tree s  a lso  in c reases  Budding done on d iffe re n t age groups of trees  

w ere com pared and the  re su lts  showed th a t as age of tre e s  in creases  

the  budding success and sprouting  percentage decrease

Budding done on th re e  yea r o ld  p lan ts  w ere found to be 

the best w h ich  reco rded  cent per cent in i t ia l  success and maximum 

sprouting (93 3 per cent) w ith  good v igou r of sp routs Budding 

done on younger p lan ts  had the  added advantage o f low ering  the

budding he igh t and reduced bark  th ick n ess  w h ich  enab le  easy 

peeling  and good m atching w ith  th e  in se rted  bud resu lting  m

good bud take  and sprouting

Ju ly  was observed  to be th e  b est season fo r budding on

hard  trunk  w h ich  reco rd ed  h ighest in i t ia l  success (80 per cent)
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and sprouting (50 per cent) fo llow ed  by budding m  June Budding 

during d ry  and co ld  month of December was the lea s t e ffe c t iv e  

and sprouting was v e ry  much delayed

Heading back the male trees above f i r s t  t ie r  was found 

to be b en e fic ia l in  reducing the  tim e taken fo r sprouting and fo r 

producing vigorous sprouts as in d ica ted  by maximum length and 

g irth  Beheading during August was found to be sup erio r w ith  

regard  to the production of sprouts and v igour of sprouts c lo se ly  

fo llow ed  by A p r i l

Among the  th ree  methods of budding tr ied  on new sprouts 

fo rk e r t  method w ith  buds placed by leaving  space on a l l  four 

s id es  gave h ighest percentage of success The best typ e  of bud 

was id e n tif ie d  to be fu l l  brown w ith  fa lle n  le a f  F o rk e rt budding 

on new sprouts re vea led  tha t one yea r old sprouts as stock 

recorded  maximum in it ia l  success and Ju ly  was found to be the 

best season P h ys  c a l,  chem ical and p h y s ic a l + chem ical treatments 

t r ie d  to induce bud b reak were not e ffe c t iv e

C le ft grafting technique tr ie d  in sprouts emerging on

beheaded trees  ind ica ted  th a t fo r successfu l g ra ft union the  scion 
«

shoots should have  mature le a f w ith  fu l l  green stem and the 

optimum age of the  stock was two months G rafting  showed the 

least response among the various methods tr ie d  and success was 

observed  on ly during March
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The anatomical reasons id en tified  fo r fa ilu re  of bud union

were, poor ca llus  development beneath the bark f lap  leaving a

large woody bridge ve ry  sparse develoDment of new xylem tissues 

In the bud sh ie ld  g iving  poorer union presence of necrotic  tissues

which hinder the formation of ca llus and lack  of union between

old callus and the ca llus  p ro life ra ted , when the stock was cut 

off
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ABSTRACT

The present in vestigations on Standard isation  of top working 

in nutmeg ( M y r is t ic a  fraqrans Houtt ) were conducted at the 

Department of P lantation  Crops and Sp ices  College of H orticu ltu re  

V e lla n ik k a ra  T h r is su r  during 1991 1993 Fo r the purpose of the 

study nutmeg trees  a v a ila b le  at State  Seed Farm  Mannuthy and

farm ers f ie ld  at Mannuthy and Ettumuna in T h r is su r d is t r ic t  as 

w e ll as Neduvannur in Ernakulam  d is t r ic t  w ere u tilise d

The presence of two typ es  of buds on the bud s tic k  could 

be d istingu ished  by the bud sca r at the  inner s id e  of the bark

fo r the v ia b le  buds and absence o f sca r and browning in the non-

v ia b le  buds

Among the d iffe ren t methods t r ie d  j j l  S1tu budding on hard  

trunk p roved  to be most successful F o rk e rt method w ith  bud

selected  from brown bud wood w ith  fa llen  leaves  and the  buds 

inserted  by leav ing  space on a l l  the four s ides gave maximum 

success In  o rd e r to a ch ieve  a q u ick e r bud burst stumping the 

p lants two months a fte r budding was most e ffe c tiv e

Budding on hard  trunk could be done w ith  maximum success

in  th ree  yea r o ld  p lants and Ju ly  was found to be the  best season

T r ia ls  on topping of male trees  ind ica ted  tha t heading back

the trees  above the f i r s t  t ie r  during August was found to be the



best w ith  regard  to sprout production and reducing th e  tim e fo r 

sprouting

Fo rk e r t  budding on new sprouts gave only in it ia l  success 

w h ich  fa ile d  to sprout even w ith  p h y s ic a l and chem ical treatm ents

G rafting  on new sprouts showed lea s t response among the 

methods t r ie d  Successfu l g ra ft union was obtained during March 

w ith  scion shoots having mature le a f and fu l l  green stem and stock 

having  two months growth

The anatom ical stud ies revea led  low ca llu s  development 

and sparse  d iffe ren tia tion  of vascu la r tissues in the bud sh ie ld  

presence of necro tic  tissues h indering  the  form ation of ca llu s  and 

the  lack  of union between o ld  and new ca llu s  as the probable 

reasons fo r bud fa ilu re



ABSTRACT

The present investigations on Standardisation of top working 

in nutmeg (Mynstica fragrans Houtt ) were conducted at the Depart 

ment of Plantation Crops and Spices, College of Horticulture Vella 

nikkara Thrissur during 1991 1993 For the purpose of the study 

nutmeg trees available at State Seed Farm, Mannuthy and farmer s 

field at Mannuthy and Ettumuna in Thrissur district as well as Nedu 

vannur in Ernakulam district were utilised

The presence of two types of buds on the bud stick could be 

distinguished by the bud scar at the inner side of the bark for the 

viable buds and absence of scar and browning in the nonviable buds

Among the different methods tried in s itu budding on hard 

trunk proved to be most successful Forkert method with bud selected 

from brown bud wood with fallen leaves and the buds inserted by 

leaving space on all the four sides gave maximum success In order to 

achieve a quicker bud burst stumping the plants two months after 

budding was most effective

Budding on hard trunk could be done with maximum success in 

three year old plants and July was found to be the best season

Trials on topping of male trees indicated that heading back 

the trees above the first tier during August was found to be the best 

with regard to sprout production and reducing the time for sprouting



Forkert budding on new sprouts gave only initial success 

which failed to sprout even with physical and chemical treatments

Grafting on new sprouts showed least response among the 

methods tried Successful graft union was obtained during March with 

scion shoots having mature leaf and full green stem and stock having 

two months growth

The anatomical studies revealed low callus development and 

sparse differentiation of vascular tissues in the bud shield, pres 

ence of necrotic tissues hindering the formation of callus and the 

lack of union between old and new callus as the probable reasons for 

bud failure


