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INTRODUCTION

Mango is  one of the most im portant f ru it  crops covering  

the la rg es t area under its  cu ltiva tio n  in  the Country I t  occupies 

an area of 10 63 m illion  hectares w ith  an annual production of

9 34 m illion  m etric  tonnes of f ru its  T h is  accounts fo r 42 7 per 

cent of the  area under f ru its  and 40 per cent of the to ta l f ru it  

production in the Country Mango is  seen in e ve ry  homestead of 

K e ra la  and the State has the d is tin c tion  of producing the e a r lie s t  

mangoes in the Country besides its  un para lle led  w ealth  of p ic k le  

types  The estim ated area of mango in the State is  72418 ha w ith

an annual production of 225934 tonnes

T ra d it io n a lly  mango trees have  been ra ised  from seedlings 

Mango is  h ig h ly  heterozygous and cross po llinated  and asexual 

methods of propagation a re  to be resorted  to fo r producing true 

to typ e  progenies D ifferen t methods of vegeta tive  propagation 

a re  in vogue in mango w ith  va ry in g  degrees of success Approach 

grafting  the commercial method of propagation owing to its  time

consuming and cumbersome nature is  being rep laced  by ep ico ty l 

and soft wood graftings w h ich are  com para tive ly  ea s ie r and less

expensive  The age of rootstock he igh t of grafting^ precuring of 

scion e tc  have been perfected  fo r e p ic o ty l and soft wood grafting 

of mango in the Department of Pomology and F lo r icu ltu re  College 

of H o rticu ltu re  V e llam k kara



of scion has been w e ll e s tab lish e d  in f r u it  crops l ik e  ap p le  and

c itru s  In mango a lso  ro o tsto cks  a re  found to have  strong in fluence 

on estab lishm ent of g ra fts  growth and lo n g ev ity  of the  g ra fted  

tree  the ye ld  f ru it  q u a lity  tim e of ripen ing  of f ru it s  and m ineral 

com position of le a ve s  T h is  im portant asp ect is  often neglected 

and assorted  mango stones a re  used fo r ra is in g  roo tstocks Seeds

of po lyem bryon ic  races due to th e ir  u n ifo rm ity  can be used as

rootstocks w ith  advantage so as to m inim ize v a r ia b i l i t y  In th is  

s ituation  the need was f e lt  to id e n t ify  a rootstock among the  lo ca l 

po lyem bryon ic  v a r ie t ie s  w h ich  w i l l  ensure a b e tte r  percentage 

of success and es tab lishm en t of so ft wood g ra fts  Keeping th is  

o b je c t iv e  m v ie  v the present study vas c a r r ie d  out w ith  the 

fo llow ing  o b je c tive s

1 To study the v a r ie ta l d iffe ren ces  of p o lyem b ryon ic  rootstocks

w ith  resp ect to the percentage of success es tab lishm en t and

fu rth e r  growth of so ft wood g ra fts  of mango

2 To examine the anatomy of the g ra ft union to find  out the

d iffe re n t stages of hea ling  p rocess and the p o ss ib le  reasons

fo r g ra ft fa ilu re

The in fluence of th e  rootstock  on the  growth and perform ance
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REVIEW OF LITERATURE

In  mango large sca le  propagation is  s t i l l  being done on 

seedling rootstocks wh ich are  h ig h ly  heterogenous in nature P r e l i  

m inary work on rootstocks o f mango was done by Sen (1939) who 

reported  Kalapady as a dwarfing rootstock F u rth e r Gunaratnam 

(1946) found that a w ild  v a r ie ty  Pu lim a when used as a rootstock 

caused profuse and regu lar bearing Oppenheimer (1956) found 

tha t there  was w ide va r ia tio n  in the perform ance of the grafted 

trees  of the same v a r ie ty  growing in the same orchard  of homogenous 

conditions and orchard  management w h ich  showed the high degree 

of u n c e r ta in ly  being faced by o rchard  is ts  who planted mango 

g ra fts  p repared  out of heterozygous seed ling  stock Many w orkers

had suggested the use of po lyem bryon ic rootstocks due to th e ir  

un iform ity  to minimize v a r ia b i l i t y  among grafted  mango trees 

(Gunaratnam 1946 Rangacharlu 1955 Oppenheim er 1958 Bak sh i 

1963 and Swamy et̂  al  ̂ 1972)

1 Polyem bryony in mango

In  In d ia  most of the com m ercial v a r ie t ie s  of mango are  

monoembryonic Only a few v a r ie t ie s  found in the Westcoast and

South of In d ia  a re  po lyem bryon ic but in fe r io r  in  f ru it  q ua lity

Sen and M a lik  (1940) from a su rvey  conducted in the Westcoast

of In d ia  reported  tha t out of 400 v a r ie t ie s  examined only 10 were 

po lyem bryon ic  and even in those po lyem bryon ic  v a r ie t ie s  there



was a f a ir  percentage of monoembryonic seed Naik (1941) Hayes 

(1953) and Singh (1960) a lso  reported that large number of mango 

va r ie t ie s  in Ind ia  are  monoembryonic

Monoembryonic v a r ie t ie s  g ive  r is e  to asexual seedling from 

seed On the other hand_, polyem bryon ic races g ive  many seedlings 

from a s ing le stone The orig in  of m u ltip le  shoots from seeds

of mango have been noted by Strasburger (1878) O liv e r  (1903)

Cook (1907) and Arndt (1935) Arndt (1935) is  of v iew  that m ultip le

shoots a r is ing  from seeds may orig inate through polyembryony

the development of adventitious buds on the seedlings before or 

dur ng germination or a combination of two types Ju liano  (1934) 

opined that adventitious embryos orig inate from the epiderm al 

ce lls  of the nucellus situated close to the m icropolar end of the 

s ide  opposite to the fun ic le  M aheswan et a l (1955) a lso  obtained 

s im ila r resu lts  According to Sturrock (1969) polyem bryonic condit 

ion in mango is  a re cess ive  factor and is  p robab ly  controlled 

by a s ing le p a ir  of genes

Tt is  genera lly  be lieved  that in most polyem bryon ic types 

the sexual embryo degenerated e a r ly  m development w ith the 

resu lt tha t in some va r ie t ie s  a l l  the seedlings are nuce lla r (Singh 

1960 and Stu rrock  1969) In Ph ilip p in e s  P ico  and Carabao are 

the p r in c ip a l commercial v a r ie t ie s  and they re ta in  th e ir  characters  

w ith rem arkable consistency even when reproduced from seed 

(Valm ayor 1972) The p o s s ib il ity  of the s u rv iv a l of the zygotic



seedling how ever cannot e n t ire ly  be ru led  out The presence 

of numerous lo ca l trees showing d is t in c t  and d iffe ren t cha racte r 

is t ic s  from the main po lyem bryon ic typ es  support th is  contention 

(Asadu llah  and Khan 1960 Singh 1960 Ahmed 1964) In the 

e a r ly  stages of growth i t  is  not p o ss ib le  to d is tingu ish  between 

the sexual and nuce lla r seed lings but is  g en era lly  b e lie ved  that

sexual em bryos a re  suppressed by n u ce lla r em bryos in the e a r ly  

stage of development and are  r e la t iv e ly  weak and stunted in 

growth (Ahmed 1960 Singh 1960)

The polyem bryon ic races breed tru e  to the  female parent

from seed However w ith  the exception of a few  typ es  in Indo

China and the P h ilip p in e s  most po lyem bryon ic  mangoes are 

in fe r io r  in f ru it  cha racte rs  (Asadu llah  and Khan 1960 Ahmed 

1964 Rao 1967) The re a l va lue  of po lyem bryony in mangoes lie s  

in the production of nu ce lla r seed lings to be used as rootstocks 

More than one seedling emerges from the seed th ree  to eight

seedlings from one seed are  not uncommon In P h ilip p in e s  more 

than th ir t y  have been recorded (B e ll in g  1908 Ju lian o  1937 

Asadu llah  and Khan 1960 Ahmed 1964) H owever Singh and 

Reddy (1990) observed that the mean range of seed ling  formation 

p er stone was 2 33 to 2 75 fo r the po lyem bryon ic v a r ie t ie s  studied 

They a lso  obtained h igher germ ination percentage fo r polyem bryon ic 

v a r ie t ie s  than most of the monoembryonic v a r ie t ie s



The d if fe re n t ia l response of v a r ie t ie s  o f rootstocks and 

scions to the success of g ra fting  and fu r th e r  growth of g ra fts

has been w e ll e s tab lish ed  The sa lie n t re su lts  of re le va n t stu d ies  

a re  b r ie f ly  summarised below

S r iv a s ta v a  and Singh (1981) rep o rted  th a t when D asheh an

was veneer g ra fted  on ten d iffe re n t roo tstocks Ka lap ad y  stock 

resu lted  in 90 p er cent success fo llow ed  by  N akkare  w h ich  recorded  

85 per cent success S im ila r  stu d ies  by inarch ing  using D asheh an  

scion on N akkare  and Langra roo tstocks resu lted  in 97 per cent 

success w here  as maximum s u r v iv a l  (100 per cent) was observed  

w ith  Goa stock In rootstock  and sc ion  com binations studied

M a llik a /K a la p a d y  M allika/M uvandan  D ash eh an /K a lap ady  and 

Langra/Muvandan resu lted  in  a p p re c ia b le  success w h ich  was too 

low w ith  Chausa on N akkare  rootstock In  a s im ila r  study Hussain 

et a l (1989) under Lahore  conditions obtained maximum grafting  

success (55 5 p e r cent) w ith  Anwar Ratau l rootstock  fo r Samar 

B a h is t  sc ions and w ith  M alda fo r Langra scions (83 9 per cent) 

They a lso  ob served  that Anwar Ratau l rootstock  induced g reatest 

extension grow th (8 40 cm) w ith  Sam ar B a h is t  scion w h ile  the 

maximum g ir th  was reco rd ed  by the Sam ar B a h is t  rootstock g rafted  

w ith  sc ion  o f the same v a r ie ty  In th e  Langra scion maximum 

length (27 1 cm) and g ir th  (0 8 cm) w e re  induced by the Langra

rootstock i t s e l f

2 V a r ie t a l re sp o n se  o f ro o ts to c k  and s c io n



Tn softwood grafting  of mango Ku lw al and Tayde (1985)

obtained n ea rly  100 per cent success fo r the v a r ie t ie s  P a in  Kesar 

Pundur and Panchadaraka lasa  under Konkan conditions O ther v a n e t  

les l ik e  Neelum Local 1 Local 2 To tapuri and Banganappally

showed an u ltim ate  s u rv iv a l of 72 to 85 per cent In the studies

conducted by Reddy and Melanta (1989) in in s itu  softwood grafting

D ashehan scion recorded the h ighest g ra ft take of 100 per cent 

a t 30 days  95 per cent a t 45 days and 90 per cent at 60 days

a fte r  grafting  w ith  Nakkare as rootstocks fo llow ed  by Totapuri 

and Langra as scions on Nakkare

In a study to find  out the response of se lected  v a r ie t ie s

of mango to e p ico ty l g rafting  Dhakal (1979) obtained 86 85 70

66 65 64 and 61 per cent success re sp e c t iv e ly  fo r v a r ie t ie s

Kesar To tapu ri P a in  Vanraj Fernandin Gomankur and Alphonso 

when used as scions M a it i and B isw as  (1980) obtained high 

percentage of successful g ra fts  w ith  de fo lia ted  scion shoots of 

F a z li (96 per cent) Raneepasand (94 per cent) and Kohinoor (90 

per cent) C h ak ra b a rti and Sadhu (1984) observed  the v a r ie ty  

Langra as the best scion fo r grafting fo llow ed  by the va r ie t ie s  

Bombai and Himsagar regard less  of tim e of g rafting  Reddy and

K o h li (1985) reported  tha t To tapuri as scion shoots gave better 

success than Alphonso as scion shoots on Alphonso rootstocks under 

Bangalore conditions



In an experim ent conducted at K e ra la  A g r icu ltu ra l U n ive rs ity  

V e lla m k k a ra  T n c h u r  to fin d  out the response of s ix  scion v a r ie t

les  of mango v iz  Mulgoa P r io r  Banganapally Mundappa

Bangalora and Alphonso to stone grafting  Radhamony (1987) reported  

h ighest percentage of sprouting fo r Banganapally w ith  scion shoots 

of length s ix  and ten centim etres and fo r P r io r  w ith  scions of 

e igh t centim etres length The v a r ie ty  P r io r  recorded  maximum 

s u rv iv a l w ith  scions of e igh t centim etres w h ile  v a r ie ty  Mulgoa 

w ith  scions of s ix  centim etre long scions recorded  the least

s u rv iv a l

M ad alagen  et  ̂ al_ (1989) observed  that e p ic o ty l grafting 

done in June success ranged from 64 6 per cent in the c u lt iv a r  

D ashehan  and 66 1 per cent in the h y b r id  M a llik a  and 34 per 

cent in the h y b r id  A m rapa li

In veneer g rafting  Singh and S n v a s ta v a  (1979) obta ned 

85 80 and 35 percentage g ra ft take using the scion v a r ie t ie s  Ratna

M a llik a  and Chausa re s p e c t iv e ly  B a jp a i et al_ (1985) tr ied  two

scion v a r ie t ie s  A m prapali and M a llik a  and obtained b e tte r s u rv iv a l 

percentage of the grafts w ith  vigorous scion growth using Am prapali 

as scion compared to M a llik a  Kashyap  et al  ̂ (1989) obtained 

h igh er success ra tes w ith  D ashehan  and Langra v a r ie t ie s  than 

w ith  Ta im una and F a z li



3 Influence o f rootstock  on th e  su cce ss  and s u r v iv a l  o f g ra fts

The age of rootstock height of g rafting  and th ickness of

rootstocks a re  found to in fluence the success of g rafting

3 1 Age of rootstock

Amin (1978) obtained about 100 p er cent success w ith  one

year old rootstocks in the _in s itu  method of softwood grafting

in mango From the t r ia ls  conducted using v a r ie ty  D ashehari as

scion shoot softwood grafting  on one yea r old rootstock was found 

to g ive  the h ighest grafting success of 90 per cent (Singh and

S n v a s ta v a  1982) La te r on in a study at Lucknow to evaluate

the se lected  methods of mango propagation c le f t  g rafting  on the 

softwood ap ica l portion of the seed ling  rootstock was found to

g ive  75 to 80 per cent success (Gaur 1984) Singh et_ al_ (1984) 

reported  about 100 per cent success w ith  softwood grafting using 

one year old rootstock Ku lw al and Tayd e  (1985) a lso  stressed

the su p e r io r ity  of using one year old roostock fo r softwood g ra ft 

ing in mango S a v ith r i  (1990) obtained maximum success fo r Banga 

napa lly  and Neelum scions when grafted  w ith  one and two month 

old seed ling  rootstocks re sp e c t iv e ly

In  ep ico ty l grafting  Majumder and Rathore (1970) 

recommended the use of young germ inating mango stones as root 

stocks Seed lings of four to seven days  of age w ere proved  better 

w h ich resu lted  i  73 3 per cent c. t— «  t£_jna±e et al  ̂ 1976)



But Singh and S r iv a s ta v a  (1981) observed  th a t four to f iv e  days 

old seedling rootstocks were the most id e a l fo r  stone grafting 

in mango According to Gunjate et al  ̂ (1982) seed ling  rootstocks 

of age le ss  than two weeks w ere most su itab le  fo r e p ic o ty l grafting 

However C h ak ra b a rti and Sadhu (1984) obtained the h ighest g ra ft 

ing success w ith  the use of f iv e  d ays  old seed ling  rootstock 

Desai and P a t i l  (1984) grafted  scion shoots of cv  Alphonso on

seven days old rootstock and obtained a success of 70 per cent 

under green house conditions A combination of four days  old seed 

ling stocks and f iv e  days of defo lia tion  was to be best by P a t il  

et a l (1984) In  a t r ia l  to standard ise  the optimum age of root 

stock under V e llam k k ara  conditions^ Dhungana (1984) obtained 58 

per cent success when f iv e  days old seed ling  rootstocks were 

used The s u rv iv a l ra te  decreased from oO to 32 per cent when 

the age of rootstock increased from f iv e  to 15 days

According to P a t i l  and P a t i l  (1985) in mango stone 

grafting  in it ia l  sprouting was more in the g ra fts  p repared  s ix

days old rootstocks but the fin a l success was more w ith  four 

days old rootstocks A high grafting  success o f 95 per cent was

reported  b y  Reddy and K o h li (1985) when g ra fting  was done on

eight days old stocks In a study on e p ic o ty l g ra fting  in mango 

A rav indakshan  et  ̂ al_ (1987) obtained maximum per cent of 

sprouting and s u rv iv a l using f iv e  to ten days old rootstocks



Ahmad (1964) obtained  the  maximum success w ith  the use 

of nine month o ld  seed ling  rootstocks fo r veneer g ra fting  in mango 

How ever Ja g ir d a r  and B h a tt i (1968) d id  not o b serve  any

d iffe ren ce  between the  roo tstocks of d if fe re n t ages v iz  th ree  

months o r nine months Bham bota et  ̂ al  ̂ (1971) su cce ss fu lly  conducted 

a study on veneer g ra fting  in mango w ith  the use o f one yea r 

o ld  rootstock and could get an average success of 87 50 per cenf

But P rasad  e t al^ (1973) obtained best re su lts  w ith  the use of 

two y e a r o ld  roo tstocks A ccord ing  to Singh and S n v a s ta v a  (1979)

12 months old roo tstocks w ere the  best fo r veneer grafting  in

mango Singh e t a l  (1984) a lso  suggested the use of one year 

o ld  roo tstocks fo r  mango veneer g ra fting  and they  got 96 6 per

cent success in mid June The b e n e fic ia l e ffec t of two yea r old

rootstocks fo r  the growth of g ra fts  and fo r th e ir  s u r v iv a l  was 

how ever s tressed  by B a jp a i e t al  ̂ (1985)

As e a r ly  as in 1921 Burns and P rayag  obtained  maximum 

success w ith  th re e  week old seed ling  roo tstocks fo r  inarch ing  

in mango in P h il l ip p in e s  But Naik (1941) suggested roostocks

i f  four and a h a lf  months of age a re  the best fo r  m arch ing  in 

mango L a te r  in  1948 N aik  a lso  re ve a le d  the  s u it a b i l i t y  of o lder

roo tstocks of nine to f if te e n  months of age fo r in a rch in g  Use of 

o ld e r  ro o tsto cks  was s tressed  by Singh (1960) Teaotia  and



S r iv a s ta v a  (1961) suggested a new method of m arch ing  in mango

w ith  the  use of four to s ix  week o ld  seed ling  roo tstocks A s im ila r  

re p o rt  was made by M a jh a il and Singh (1962) in  w h ich  they

recommended the  use of two month o ld  seed lings as rootstocks

3 2 Height of g rafting

Singh and S r iv a s ta v a  (1982) suggested th a t the  he igh t of

g ra fting  had no a p p re c ia b le  e ffe c t on success of softwood g ra fts  

T h is  was fu r th e r  p roved  b y  S a v i t h n  (1990) She found th a t there

was no e ffe c t  of length of roo tstocks on sprouting  and s u r v iv a l  

of softwood g ra fts  m  both Neelum and Banganapally  v a r ie t ie s

Accord ing  to Pate l and Amin (1976) e p ic o ty l g ra fting  can

be done best a t a he igh t of s ix  centim etres on the rootstock in

mango La te r  on C h a k ra b a rt i and Sadhu (1984) obtained b e tte r

re su lts  by g ra fting  at f iv e  centim etres he igh t com pared to o ther 

treatm ents Based on a s tu dy  conducted under V e lla m k k a ra  condit 

ions Ratan (1985) repo rted  a sprouting  of 87 50 per cent and 

s u r v iv a l  of 72 50 per cent when e p ic o ty l g ra fting  was done at 

a he igh t of s ix  to e ig h t cen tim etres from the c o lla r  region of

the  rootstock

3 3 T h ickn ess  of rootstock

Stu d ies  have  re ve a le d  th a t fo r  a p rop er com bination same 

th ick n ess  of stock and scion is  a must F o r  mi. s itu  softwood g ra ft 

mg in  mango Amin (1978) recommended th e  use of  —̂  an sh ee ts



stock  to get 100 per cent success S im ila r ly  fo r  f lush  grafting

in  mango a lso  scion shoots of th e  same th ick n ess  as tha t of the 

second flush  of th e  rootstock  w ere p roved  most id e a l (Subram ani 

1988) Ra jp u t and H an b ab u  (1971) rep o rted  th a t in mango the

stock  and sc ion  o f uniform  th ick n ess  w ere  most id e a l fo r e p ico ty l 

g ra fting

Rootstock and scion of uniform  th ick n ess  w ere  found to 

be most su ita b le  fo r  veneer g ra fting  in mango (Singh and S r iv a s ta v a  

1979) Dhungana (1984) recommended the  use of stock and scion

of d iam eter two cen tn m etre s  and one centim etre  re s p e c t iv e ly  

fo r veneer g ra fting  of mango

In a t r i a l  using roo tstocks of th re e  d iffe ren t g ir th s  v iz

8 to 10 mm 11 to 14 mm and 15 to 17 mm fo r inarch ing  there

was no s ig n if ic a n t d iffe re n ce  in success between roo tstocks of 

va rio u s  th ick n ess  (M a jh a il and Singh 1962) L a te r  on, G in  (1966)

repo rted  th a t the  percentage of success was h igh on seed ling  root

sto cks  of 1 3 to 1 6 cm g irth

4 Influence o f rootstock on the growth o f grafted  trees

As e a r ly  as m 1939 Sen rep o rted  Ka lapady  as a prom ising

dw arfing  roo tstock  fo r mango N aik  (1947) w ork ing  in Southern

In d ia  found th a t p o lyem b ryo n ic  roo tstocks  im parted  b e tte r v igour 

to the  sc ion  as compared to monoem bryonic roo tstocks Openheim er

of the same th ick n ess  as th a t of the te rm in a l shoot of the root



(1958) in d ica ted  that Sab re  roostocks in sp ite  of its  dw arfing  

ch a rac te r im parted  more v igour to the scion

Stud ies  conducted by Teaotia et al_ (1967) showed that 

po lyem bryon ic  stocks reduced the tree  v igour as compared w ith

D asheh an  seed ling  However George and N a ir (1969) a fte r  a 

period  of s ix  years  study in K e ra la  revea led  tha t the scion 

v a r ie t ie s  Bennet Alphonso and Baneshan when inarched  onto the 

po lyem bryon ic  rootstocks Chandrakaran and Bap paka i showed g rea te r 

v igour than on monoembryonic rootstock Majumder et al_ (1972) 

have  c la s s if ie d  31 rootstocks into v e ry  vigorous vigorous and 

dwarfing

D ashehan  seedlings proved to be vigorous compared to 

po lyem bryon ic  rootstocks Am balav i M ylepalium  Olour and V e lla i

kolamban in a t r ia l  w ith  D ashehan  scion by Ja u h a n  et_ £ l (1972)

In another study using scion v a r ie t ie s  Baneshan and Neelum Swamy 

et a l (1972) observed tha t in case of Neelum the p lants grew 

la rg e r on po lyem bryon ic stock as compared to monoembryonic stock 

Goa and O lour rootstocks produced the la rgest Neelum trees With

Baneshan the trees were bigger on Pahutan and Olour Pahutan 

the most vigorous fo r Baneshan was the least vigorous fo r 

Neelum In studying the perform ance of Neelum v a r ie ty  on po ly 

em bryonic rootstocks Gowder et al_ (1973) found trees  on Olour 

a re  the sm allest and those on Bap paka i the la rgest



According to Singh and Singh (1976) nuce lla r stocks

of polyem bryon ic va r ie t ie s  used fo r D ashehan scion consistently 

produced d w arf trees Vellaikolam ban caused maximum reduction 

in height and i t  was s ign ifican tly  lesser than the nuce lla r stock 

of Mylepalium  Olour and seedling D ashehan La te r on in a 

study Reddy and Singh (1988) also found that Vellaikolam ban 

imparted dwarfness to Alphonso scion Rumani rootstocks were

observed to im part dwarfness to D ashehan  scion compared to 

Chandrakaran Sakarch ina La tra  and ST 9 rootstock by Sinha and 

Rajan (1989) Sammadar and C hakrabarti (1989) reported Olour

as a dwarfing rootstock fo r Himsagar and Langra va r ie t ie s  under

West Bengal conditions

5 Influence of roostock on flow ering, fru iting  and y ie ld

S ig n ifican tly  high sex ra tio  was observed m grafts  on poly 

em bryonic stocks as compared w ith grafts  on D ashehan  seedling 

by Teaotia et a l (1967) Trees on Olour roostock produced the highest 

percentage (24 28) of herm aphrodite flow ers and on D ashehan seed 

lings the lowest (16 34) Also they found that Olour and V e lla iko  

lumban had the shortest pan icle  in itia tion  period Pan ic le  in itia tion

span in D ashehan  seedling Am balavi and M ylepalium  stocks was 

15 days h igh er than that in Olour and Vellaikolum ban

In Indonesia Kusumo and T jip to su h a rd ji (1971) observed 

that Madu and G anh  roostocks of mango delayed fru iting  compared 

to Gadung Kop jar Bud idaja Nanas and Saigon rootstocks



Stud ies conducted by Teaotia et al  ̂ (1967) revea led  that 

D ashehari seed ling  gave the h ighest y ie ld  (22 03 kg per tree ) 

as compared w ith  po lyem bryon ic stocks Am balavi (11 99 kg per 

tree ) M ylepalium  (10 50 kg per tre e ) Vella iko lum ban (8 32 kg 

per tre e ) and Olour the le a s t (8 28 kg per tre e ) In a t r ia l  at 

Is ra e l Oppenheimer (1968) observed  only l i t t le  d iffe ren ce  between 

the y ie ld  of trees  on rootstocks Sab re  14 6 and 14 7 Whereas 

trees  on 3 2 and 14 2 rootstocks produced m arked ly  less

George and N a ir (1969) stated  that po lyem bryon ic rootstocks 

a re  more p roductive  than monoembryonic rootstocks In 1972 Ja u h a n  

et a l observed  that D ashehari scion on its  own rootstock y ie ld ed  

h igher than on po lyem bryon ic rootstocks According to Swamy et 

a l (1972), Neelum v a r ie ty  on Pahutan rootstocks gave the maximum 

y ie ld  fo llow ed  by those on Goa rootstocks Monoembryonic 

seed lings although less  vigorous in the m atter of y ie ld  p roved 

b etter than the o therw ise  m oderately vigorous rootstocks Olour 

and Salen Gowder et al_ (1973) observed  that the best y ie ld s  

were consis ten tly  produced on Bappaka i fo llow ed  by the mono 

em bryonic rootstock and the Olour when Neelum was used as scion

When D ashehari v a r ie ty  was grafted  on it s  own seedling 

maximum y ie ld  was obtained as compared w ith  po lyem bryon ic root 

stocks both in case of y ie ld  per tree  and y ie ld  per square metre 

(Singh and Singh 1976) They a lso  found that O lour rootstock 

was poorest in respect of y ie ld  -rowevc- or Aiphonso scion



Olour rootstock  was found to g iv e  the  maximum y ie ld  by Reddy 

et al_ (1989) They a lso  observed  tha t Vella iko lum ban  gave the  

low est f r u it  y ie ld

6 Influence o f rootstock on f r u it  q u a lity

As e a r ly  as in 1958 Oppenheim er found th a t P a ire e  root 

s to cks produced sm a ll f ru it s  w hereas Haden roo tstocks produced 

la rg e r  f ru its  Teaotia  £t^ al  ̂ (1967) found D asheh ari seed ling  to 

produce s l ig h t ly  b igger s ized  f ru its  as compared to o the r po ly  

em bryon ic  s to cks  La rg e r s ized  f ru it s  w ere  obtained from O lour 

rootstock fo r D ash eh an  scion (Singh and Singh 1976) Accord ing 

to Teaotia  et  ̂ al  ̂ (1967) M ylepalium  rootstock  recorded  the h igh est 

to ta l suoar and to ta l so lu b le  s o lid s  contents

A rootstock t r i a l  by Gow der and Iru lap p an  (1971) showed 

tha t the f ru its  had the h igh est to ta l so lu b le  s o lid s  content and 

tasted  best when Neelum v a r ie ty  was g ra fted  onto Bap p ak a i O lour 

and monoembryonic stock Neelum f ru it  h a rves te d  on Pahutan stocks 

was found to possess h ig h e r to ta l so lu b le  s o lid s  by Swamy et 

a l (1972)

In  1972 Ja u h a n  et_ al_ opined th a t to ta l so lub le  so lid

contents w ere h ig h e r in th e  f ru its  h a rves te d  from trees  on

M ylepalium  and V e lla iko lum ban  roostocks g ra fted  w ith  D asheh ari

scion Later, in 1976 Singh and Singh a lso  ob served  th a t D ashehari

scions on M ylepalium  s tocks  gave h ig h e r to ta l so lub le  s o lid s  to ta l 

sugars and reducing sugars



7 Influence o f ro o tsto ck  on le a f  n u trien t com position

In mango Reddy et al_ (1989) found tha t nu trien t composit

ion of scion (A lphonso) v a r ie d  w ith  rootstocks In general V e lla i

kolumban rootstock recorded  the low est nutrient content compared 

to other rootstocks Thakur et  ̂ al^ (1989) a lso  reported  tha t le a f 

nutrient contents w ere s ig n if ic a n tly  influenced by d iffe re n t stocks 

Rumani rootstock increased  le a f nitrogen content w h ile  ST 9 rootstock 

increased Phosphorus and Potassium  contents

8 Influence of the season of grafting on success and s u rv iv a l

In mango softwood grafting between th ird  week of May

and th ird  week of August was found to be the best g iv ing  95 to 

100 per cent g ra ft take (P a te l and Amin 1981) Singh and S r iv a s ta v a  

(1982) obtained h ighest g rafting  success of 90 per cent when g ra fted  

on 20th August compared to 67 per cent in Ju ly  and 70 per cent

in la te  Septem ber using cv  D ashehan  as scion Gaur (1984) reported

that under Lucknow conditions the id e a l time fo r softwood g ra ft 

ing m mango was Ju ly  August and a lso  March In another t r ia l  

(Singh et_ al_ 1984) p e rio d ic  grafting  re vea led  tha t g rafting  in

June was the  best g iv ing  about 100 per cent success On the

other hand August and Septem ber were reported  to be more su itab le  

by Kulwal and Tayde (1985) Tem perature and hum id ity were 

reported  to be the major lim itin g  fac to rs  fo r the success m soft 

wood grafting  in mango At Saharanpur, a g rafting  success of 95 

per cent was recorded  d_r_ng June when the mean tem perature



was 33 5 °C  and hum id ity 88 per cent (S r iv a s ta v a  1985) F lush  

grafting  in  mango was found successfu l during January Feb rua ry

under Tam il Nadu conditions when the maximum and minimum temp 

eratures recorded  were 32 0 °C  and 21 0 °C  re s p e c t iv e ly  There 

was no ra in fa ll  during these periods (Subram ani 1988) S r iv a s ta v a  

(1989) obtained more than 95 per cent success in mango softwood 

grafting done between 27th of June and 27th of August He also 

observed  th a t tem perature and hum id ity  were the mam lim iting

facto rs  fo r successfu l g ra ft take

Accord ing to Pa te l and Amin (1976) success m stone grafting 

was found to have a d ire c t  re la tio n  w ith  hum id ity and temperature 

G rafting  during June to Septem ber was found to be most id ea l 

g iv ing  a success of 55 to 65 per cent (D haka l 1979) Mandal (1979) 

obtained 60 to 90 per cent success during Ju ly  to October fo r 

mango stone grafting  under B ih a r  conditions M a it i and B isw as 

(1980) su ccess fu lly  conducted e p ico ty l g rafting  under West Bengal 

conditions w ith  va ry in g  success of 50 to 96 per cent during June 

and Ju ly  Stud ies conducted at C en tra l Mango Research Station

Lucknow re vea led  the su p e r io r ity  of Ju ly  and August months for 

stone g ra fting  (Singh and S r iv a s ta v a  1981) On the o ther hand 

Nagawekar (1981) could not observe  any s ig n ifican t d iffe rence  in

the sprouting of mango g ra fts  p repared  during the months of June 

Ju ly  or August S im ila r ly ,  C h ak ra b a rti and Sadhu (1983) reported  

that success is  more or le ss  uniform when e p ico ty l g ra ftm a was 

done in June Ju ly  and August



Under K e ra la  conditions Dhungana (1984) suggested that

stone grafting  could be best done during the month of August w ith  

a maximum success of 69 33 per cent According to Gunjate (1985) 

the s u rv iv a l of stone g ra fts  was the h ighest when g ra fted  in June 

Ju ly  under Konkan conditions High hum id ity and tem perature were

found to be associated  w ith  b e tte r success of stone grafting 

(Reddy and K o h li 1985) and they recorded a success of 96 per

cent when g rafted  in s id e  a m ist cham ber Singh et_ al_ (1989)

observed tha t in e p ic o ty l grafting  success ra te  was h igher in

August than in Ju ly  and Septem ber Some of the Septem ber grafted 

scions remained green and d id  not sprout u n til the follow ing 

spring

Bambota e _  al_ (1971) obtained a success ^  87 5 per cent 

in Punjab when veneer grafting  was done ^ r- ng the month of

August But accord ing to P rasad  et  ̂ a l (1973) the best season

for veneer grafting  was Ju ly  g iv ing  maximum percentage of 

success Gunjate et (1976) got a success of 76 to 84 per cent

fo r mango veneer grafting  during March to May La te r  on Singh

et a l (1979) recorded 75 to 92 per cent success fo r veneer g ra ft

ing in mango during the ra in y  season Ju ly  and August Based 

on a study under Lucknow conditions Singh and S r iv a s ta v a  (1979)

stated tha t grafting  can be best done during August Ram and B is t  

(1982) observed  100 per cent success fo r veneer g rafting  in June

Ju ly  and August The s ign ificance  of ra in y  season was a lso  stressed

b j Singh et_ al_ (1983) They recorded  75 to 92 per cent success



fo r g rafting  during ra in y  season w h ile  the  success was only 16 

to 20 p er cent during November December Singh et_ al_ (1984) 

suggested June as the best month of veneer g ra fting  under the

ag roc lim atic  conditions of Varanasi when th ey  got 96 6 per cent 

success They a lso  suggested tha t June to August was the id ea l 

time fo r veneer grafting  in mango at Varanasi Ism a il and Rao 

(1985) recorded  a maximum success of 85 per cent fo r veneer graft 

mg during Septem ber and minimum success 0 to 5 per cent during 

A p r i l  May

9 Anatomy of the graft union

As e a r ly  as in 1941 Ju liano  studied  the anatomy of the 

g ra ft union in c le f t  g rafting  The f i r s t  step in the process of

g ra ft union was reported  to be the formation of ca llu s  cushion 

in the gap through the a c t iv i t y  of parenchym a of both bark  and 

p ith  Cam bial b ridge  was developed from the new ly formed ca llus  

jo in ing the stock and scion He also observed  tha t the  ca llu s  tissue 

was in it ia te d  from the stock s ide  but the to ta l contribution of 

ca llu s  by stock and scion was almost equal C a llu s  tissue was

found to in it ia te  from the bark  portion at f i r s t  Lu th ra  and Sharma 

(1946) a lso  observed  ex cess ive  ca llu s  growth of parenchymatous 

tissu e  between stock and scion in mango v a r ie ty  Langra He a lso  

reported  th a t the d is to rted  xylem  elements w ere respons ib le  for 

b lock ing  the conducting vesse ls  and thus preventing  the movement 

of w ate r from stock to scion Singh (1960) conducted deta iled



anatom ical stud ies  of mango stem and stated  th a t mango stem consists 

o f an outer cu t ic le  an ep id e rm is  cortex  endoderm is p e n c y c le ,  

a re  shaped patches of f ib re s  re s in  can a ls  phloem cambium 

xylem  u m se n a te  m ed u lla ry  ra y s  b is e r ia te  m ed u lla ry  ra y s  and 

p ith  region w ith  granules

Accord ing to W ilson  and W ilson (1961) when young stems 

w ere wounded or g ra fted  the  cambium was in te rru p ted  and new 

va s cu la r  cam bia would regenerate from the c a llu s  p ro life ra tin g  

from the  wounded su rfaces  Auramov and Jo k o v ic  (1961) reported

th a t the degree of c a llu s  form ation v a r ie d  co n s id e rab ly  between

v a r ie t ie s  and was h ig h ly  in fluenced by rootstock and w eather 

cond itions tha t p re v a ile d  during the  p rev io u s  grow ing season At 

the same tim e ex ce ss ive  un d iffe ren tia ted  ca llu s  o r o the r ir re g u la r

growths were observed  a t the union of in com p atib le  stock and 

scion

Anatom ical s tud ies  of g ra ft union in pear showed that the

in ju red  parenchym a of the cambium produced ca llu s  tissu e  and 

met the  c a llu s  deve loped  on the  o ther g ra ft p a rtn e r The combined 

c a llu s  tissu e  became in term ing led  and new cam b ia l elem ents began 

to d eve lop  ( Ih a ra  1966)

F iv e  im portant stages of bud union h ave  been describ ed  

in mango by Soule (1971) They a re  stage I  (4 d a y s ) wound 

periderm  developm ent staoe 2 (8 d a v s ) c a llu s  p ro life ra t io n



and enlargem ent from the  cambium re su ltin g  in  f irm  attachm ent 

of both stock  and scion stage 3 (12 d a y s ) com pletion of cam bia l 

b ridge  stage 4 (36 48 d a ys ) - d if fe re n tia t io n  o f v a s cu la r  tissue

and com plete hea ling  of the union and stage 6 (6  8 months)

form ation of s e v e ra l c y lin d e rs  of new tissu es  and la te ra l sh ift in g  

of action to a lign  w ith  the stock

The secondary growth and cam bia l a c t iv i t y  w ere  a lso  reported  

to be in vo lv e d  in p rop er g ra ft union form ation (E sa u  1979) In 

the process of g ra ft union the breakdown p roducts  of dead c e lls  

on the su rface  of stock and scion from a n e c ro tic  la y e r  The c e lls  

next to th is  la y e r  w i l l  en large d iv id e  and form ca llu s  tissue 

w hich f i l l  the  space le f t  between the s tock  and sc ion  La te r  onA
the ca llu s  tissu e  w i l l  deve lop  into cam b ia l c e l ls  and a continuous 

cam bial b rid g e  w i l l  be rormed across  the  s tock  and the scion 

w hich la te r  on g ive s  r is e  to new v a s cu la r  tis su e  The cam bial 

c e lls  undergo tangentia l d iv is io n s  and g iv e  r is e  to vascu la r 

elements

The im portant function of cambium was found to be the 

form ation of c a llu s  in th e  wounded portion  In  ad d itio n  to the 

cam bia the  wood ra y s  w ere a lso  found to p ro life ra te  and take 

p art in the  g ra ft union (Fahn  1982) A cco rd ing  to Dave and Rao 

(1982) cambium is  a c t iv e  a l l  round th e  y e a r  in mango and hence 

the ra d ia l growth of the  tree  w i l l  be continuous From the stud ies 

□— “-he College of H o rticu ltu re  V e lla m k k a ra  rratan (.ISSo)



a lso  repo rted  fou r stages of g ra ft union fo r e p ic o ty l g ra fting  in 

Mango cv  Neelum In successfu l g ra fts  the  c a llu s  p ro life ra t io n  

was found to  commence from  5th day onwards and the cam bial 

b ridge  was com pleted w ith in  15 d ays  a fte r  g ra fting

A ccord ing  to C h a k ra b a rt i and Sadhu (1985) th e re  w ere th ree  

main stages in  the form ation of g ra ft union fo r  s p lic e  grafting

in mango T hey  w ere ca llu s in g  stage extending from 10 to 30 days

a fte r  g ra fting  when the  l i v e  c e lls  formed a mass of ca llu s  tissue 

cam bial b rid g e  stage from 30 to 60 d ays  a f te r  g ra fting  when 

cam bial con tinu ity  between stock  and scion was e s tab lish e d  healed 

union stage extending from 60 to 120 d ays  a f te r  g rafting  when 

vascu la r t is su es  were d iffe re n t ia td  and com plete union between 

rootstock and scion took p lace  C a llu s  p ro life ra t io n  was found 

to s ta rt  m t ia l ly  from the  rootstock but la te r  on from both 

components The va r io u s  changes in the  union w ere  found to be 

more ra p id  in s p lic e  method of g ra fting  than in c le f t  method

They a lso  ob served  tha t g ra ft take was fa s te r  fo r  Langra than 

fo r Bom bai and H im sagar due to more ra p id  form ation of ca llu s  

and v a scu la r  con tinu ity

S a v i t h n  (1990) conducting s tu d ies  on softwood g ra fts  observed  

four d is t in c t  stages in the hea ling  p rocess  of g ra ft  union v iz  

form ations of p re  ca llu s  c a llu s  cam bia l b rid ge  and healed  union 

Cam bia l b rid g e  was w e ll e s tab lish ed  across  the g ra ft  union a fte r

■45 days  of g ra fting



S tu d ie s  conducted b y  Kunen  and Iy e r  (1992) w ith  24 mango 

c u lt iv a r s  of w id e ly  v a ry in g  v igour in d ica ted  th a t low tree  v igour 

was asso c ia ted  w ith  a h ig h e r p rim a ry  pholem to p rim a ry  xylem  

ra t io  m young shoots W id th  of cortex  o r p ith  d id  not show any 

re la t io n sh ip  to  tre e  v ig o u r T h e re  was no s ig n ifica n t d iffe ren ce  

among the c u lt iv a r s  w ith  resp ect to number of xy lem  ve sse ls  and 

th e  s iz e  of m etaxylem  vesse ls



Ma.tetla.1.5 a n d  A le tk o d i



MATERIALS AND METHODS

The present in vestigations were conducted in the  Department 

of Pomology and F lo r ic u ltu re  College of H o rticu ltu re , V e llam k kara  

T h r is su r during the period  from A p r i l  1990 to March 1991 

V e lla m k k a ra  is  located  under warm humid tro p ic a l c lim ate  w ith 

high ra in fa ll and less  fluctuations in d a ily  tem perature The a lt itu d e  

of the p lace is  22 25 M above mean sea le v e l at 10°32 N la titud e  

and 76 ° 16 E longitude Experim ents w ere conducted to find  the

v a r ie ta l d iffe rences  of po lyem bryon ic rootstocks w ith  respect to 

the percentage of success s u rv iv a l and growth param eters of soft 

wood g ra fts  of mango Anatom ical stud ies were done to find  out 

the d iffe ren t stages of g ra ft union formation and the probable  

reasons fo r g ra ft fa ilu re

The d e ta ils  of the experim ent conducted and an a ly s is  done 

a re  presented in th is  chap ter

F iv e  po lyem bryon ic v a r ie t ie s  of mango (P u liy a n  Chandra 

karan O lour T o lika ip an  and Muvandan) and one m onoeybryom c 

v a r ie ty  (Banga lo ra ) w ere se lected  as rootstocks Scions of two 

v a r ie t ie s  (Neelum and Banganapa lly ) w ere used fo r softwood g ra ft 

ing One month old rootstocks of each of the above v a r ie t ie s  were 

g rafted  at e igh t to ten centim etre he igh t w ith  scion shoots of

length 10 cm d efo lia ted  ten days p r io r  to g rafting  G rafting  was

done in  June Ju ly  and August The experim ent was la id  out in



com pletely randomised design w ith  th ree  re p lica tio n s  O bservations 

w ere recorded on in it ia l  success f in a l success g ir th  of stock 

g irth  of scion g irth  of sprout length of sprout number of p rim ary 

branches and number of lea ves  The data were s ta t is t ic a l ly  analysed 

using the general method of an a lys is  fo r a th ree  fac to r experim ent 

( 6 x 2 x 3 )  in com pletely randomized design (Snedecor and Cochran 

1967) The e ffect of rootstock scion and month on the various 

observations taken were analysed  sep a ra te ly  and in a l l  possib le  

combinations

1 Raising of rootstocks fo r  grafting

H ealthy  w e ll developed  plump and uniform mango stones 

of f iv e  polyem bryon c v a r ie t ie s  v iz  Pu liyan  Chandrakaran

Olour T ho lika ip an  Muvandan and the monoembryonic v a r ie ty  

Bangalora^ were co llected  during d iffe ren t months and sown in the 

nursery The seeds were sown m ra ised  seed beds of 2 m x 1m  

size in f la t  position A th in  la y e r  of sand was spread  even ly  

on the surface of the nu rsery  bed A la y e r  of d rie d  grass mulch 

was also p ro v id ed  on the  surface of the beds In o rder to protect 

stones and seed lings from term ite  a ttack  10 per cent B H C dust 

was app lied  around the beds Seeds w ere sown during May June 

and Ju ly  1990 so as to get one month old seed lings ready fo r 

grafting during June Ju ly  and August The beds w ere a lw ays  kept 

m oist O bservation  w ere recorded  on germ ination percentage and 

number o * seed l ngs produced per stone



Uniform hea lthy  vigorous seed lings w ith  s tra ig h t stout 

e p ico ty l were uprooted one week a fte r  germ ination w ithout in juring  

the root system  They w ere transp lanted  in po lyem bryon ic bags

of s ize 20 cm x 15 cm f i l l e d  w ith  a m ixture of farm  yard  manure 

sand and s o il m i l l  ra t io  A fte r transp lanting  a l l  the seedlings 

were kept under p a r t ia l shade and ir r ig a te d  d a ily

2 Selection and preparation of scion shoots

H ealthy  d isease fre e  uniform mother trees of two v a r ie t ie s  

Neelum and Banganapally , were se lected  from the mango o rchard

of the In s tru c tio n a l Farm V e llam k k ara  fo r  tak ing scion shoots
*V

fo r grafting  Th ree  to four month old 10 cm long term inal shoots 

w ere se lected  as scions Scion shoots w ere d e fo lia ted  10 to 15 

days p r io r  to grafting  by c lip p in g  the lea f lam ina and keeping

the petio le  in tact using a sharp  kn ife  The scions were cut back 

to requ ired  length at the tim e of grafting

3 Method of grafting

The wedge method of grafting  was adopted The seedling 

rootstock was grafted  w ith in  15 to 20 days a fte r  transplanting

m the po lythene bag The rootstock was decap itated  at 10 cm 

height from the c o lla r  region Two slanting  cuts o f two to th ree  

centim etre deep running from the p e r ip h e ry  towards the centre

of the stock was made to form a V shaped notch using a sharp



cut on both s ides of the  basa l end w ith  a sharp  kn ife  The wedge

shaped scion of 10 cm length was then inserted  ca re fu lly  into 

the c le ft  a lre a d y  made on the rootstock so as to a ch ie ve  a tigh t 

f itt in g  of the scion into the rootstock The g ra ft jo in t was tied  

f irm ly  w ith  transparen t polythene tape of one to one and a h a lf  

centim etre w idth  and 30 cm length

The p repared  g ra fts  were kept in a tem porary m ist champer

using th ick  polythene sheet over a wooden frame of the dimension 

2 m x 2 m x 2 m  M is t was created  by sp ray ing  water to the 

polythene film  at an in te rv a l of 60 minutes throughout the day 

The tem perature was maintained at 32°C and hum id ity  90 per cent 

by th is  m term ittan t sp ray  of water

4 Observations

4 1 Germ ination percentage and extent of polyem bryony

The number of seed lings germ inated w ere taken at w eekly  

in te rv a ls  When the germ ination was completed number of 

seed lings produced per stone was a lso  recorded

4 2 Percentage of sprouting and s u rv iv a l

The scions that remained green w hether sprouted or 

unsDrouted 15 days  a fte r  grafting  w ere counted o ca lcu la  e the

The precured  scion was detached from the  mother tree

and made into a wedge g iv ing  two to th ree  centim etre long slanting



in it ia l  success The scions that a c tu a lly  sprouted and su rv ived  

a fte r th ree  months of g rafting  w ere counted fo r ca lcu lating  the 

f in a l success (A ravm dakshan  et  ̂ a l 1988)

The fo llow ing  growth param eters were recorded  at fo r tn ig h t ly  

in te rv a ls  fo r a period  of f iv e  months a fte r  g rafting  F iv e  p lants 

were se lected  from each treatment at random fo r taking observat 

ions

4 3 G irth  of rootstock scion and new growth

The g irth  of the rootstock and scion were recorded at one 

centim etre above and below the g ra ft jo in t at fo rtn ig h tly  in te rva ls  

The g irth  of the new growth was measured at a height of one 

centim etre from the point w here the scion put fo rth  new growth

4 4 Length of sprout

The extension growth of scion was measured m centim etre 

from the point w here the scion put fo rth  new growth and expressed 

as length of scion

4 5 Number of leaves

The number of lea ves  produced by the scion was recorded 

at fo rtn ig h t ly  in te rv a ls



4 6 Number of p rim aries

The number of p rim arie s  produced by the new growth wac

recorded  a t fo rtn ig h tly  in te rv a ls

5 Anatomical stud ies of the graft union

R ep resen ta tive  samples of g ra ft union w ere taken from a ll 

the rootstock scion combinations fo r anatom ical stud ies Two samplec 

each w ere co llected  from a l l  treatments a t four d iffe ren t in te rva ls  

v iz  15 days  45 days 60 days and 90 days a fte r  grafting 

Sam ples w ere a lso  co llected  from the  g ra fts  showing signs oi 

sh rink ing  and the g ra fts  remaining green w ithout sprouting eve 

a fte r  60 to 90 days of grafting  Im m ediate ly a fte r  co llection  the 

samples w ere processed and p reserved  as de ta iled  below

The samples were k il le d  and f ix e d  using F A A solutior 

(850 ml of 70 per cent a lcoho l and 100 ml 40 per cent form aldehyde 

+ 50 ml g la c ia l a ce tic  a c id ) The specim ens were kept in F A A 

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

The samples were removed using s te r il iz e d  fo rceps and washe

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

Uniform sections of 40 p (m icron) th ickness  w ere taken usin 

R e ich a rt s lid in g  microtome as per standard  m icrotomy suggeste 

fo r  hard  woods (C u tle r 1978) The method suggestd by Johanso

(1940) was fo llow ed  fo r cleaning and sta in ing  the sections Th 

sections w ere treated  in chem icals as fo llow s



1% a lco h o lic  safranin (5 10 minutes)

30% alcohol (2 minutes)

50% alcohol (2 minutes)

70% alcohol (2 minutes)

80% alcohol (2 minutes)

90% alcohol (2 minutes)

Fast green (2 minutes)

95% alcohol (20 seconds)

Absolute alcohol (1 minute)

A lcohol Xylene (3 1) (1 minute)

A lcohol Xvlene (1 1) (1 minute)

A lcohol Xylene (1 3) (1 minute)

Pure Xylene (1 minute)

The treated  sections were mounted using D P X Mountant The 

s lid e s  were ca re fu lly  examined through C arl Zeiss b inocular research 

mocroscope fitted  w ith the ob jec tives  of magnification from 3 2x 

to 40x and lOx eyep iece

Photom icrographs of selected specimens were taken using 

a photom icrography system (L e itz  W etzlar Germany) and Kodak 

gold colour film  of 100 ASA

The fo llow ing abb rev ia tions are  used to present the resu lts 

in tab les



Muvandan

Pu liyan

Olour

Chandrakaran

Bangalora

Tolika ipan

Neelum

Banganapally

June

Ju ly

August
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RESULTS

The resu lts  of the study are  presented in two parts The

f i r s t  part deals w ith  the e ffect of rootstock scion and month

of grafting on success s u rv iv a l and growth parameters of softwood 

grafts  of mango The second part deals w ith  the anatomical changes 

in the g ra ft union a t the d iffe ren t stages of healing process

1 Germination percentage and extent of polyembryony

The germination percentage of seeds of the va r ie t ie s  of

rootstock used in the study and the extent of polyem bryony in

the case of polyem bryonic rootstocks are  presented in tab le 1

The germination percentage of a l l  polyem bryon ic va r ie t ie s  were 

com parative ly  h igher than Bangalora the monoembryonic va r ie ty

To lika ipan  recorded the h ighest percentage of germination (60 66) 

fow llowed by Pu liyan  (51 00) among the polyem bryonic va r ie t ie s

and the least was recorded by Chandrakaran (29 33) Bangalora 

the monoembryonic v a r ie ty  recorded the least percentage of germi 

nation among a l l  the va r ie t ie s  (5 67 per cent) tr ied

Data on the average number of seedlings produced per stone 

presented in tab le  1 showed that the maximum number of seedlings 

per stone was recorded fo r Muvandan (1 74) and the minimum 

(1 11) fo r Chandrakaran among polyem bryon ic va r ie t ie s  The va r ie ty  

Bangalora d id  not produce more than one seedling per stone I t



Table 1 Germination percentage and extent of polyembryony in different varie ties  of mango

Number of Number of Percentage Number of Polyembryonic
Varieties seeds seeds germinated seedlings percentage

sown germinated per stone

Muvandan 300 128 13 00 1 74 49 54

Puliyan 300 153 51 00 1 50 42 52

Olour 300 123 41 00 1 58 23 51

Chandrakaran 300 88 29 33 1 11 9 76

Bangalora 300 20 5 67 1 00 0 00

Tolikaipan 300 182 60 66 1 39 26 03

CD (0 05) 22 40 0 356



T a b le  2 E f f e c t  of ro o ts to ck  on sp ro u tin g  and s u r v i v a l  o f g ra fts
( p ercen tag e )

Rootstock Sprouting S u rv iv a l

R 1 88 89 39 40

R2 76 67 51 10

R3 68 89 29 40

R4 65 56 38 80

R5 59 44 41 10

R6 70 00 27 20

Homogeneous at 5% le v e l



Chandrakaran and the h ighest fo r Muvandan v a r ie ty  There  is  no 

s ig n ifican t d iffe ren ce  between Muvandan and Pu liyan

2 Sprouting and s u rv iv a l of grafts

The e ffec t of rootstock scion month of g rafting  and th e ir  

in te ractions on sprouting ( in it ia l  success) and s u rv iv a l (f in a l 

success) of g ra fts  a re  presented in d e ta il in the fo llow ing  paragraphs

2 1 E ffe c t of rootstock

The observations recorded on the e ffect of rootstock on 

the sprouting and s u rv iv a l of g ra fts  a re  presented in tab le  2 

I t  is  c le a r from t e tab le  that there  is  no s ig n f ic a n t  d ifference  

in the percentage of success and s u rv iv a l among the d iffe ren t root 

stocks used fo r grafting However Muvandan rootstock gave the 

maximum percentage (88 89) of success and the le a s t percentage 

take was observed  fo r Bangalora rootstocks (59 44) W ith regard

to the s u rv iv a l of g ra fts  Pu liyan  roostocks gave 51 10 per cent 

s u rv iv a l w h ile  the lea s t percentage of s u rv iv a l (27 20) was noted

fo r T o lika ip an  rootstock

2 2 E ffe c t of scion

The data perta in ing to the sprouting and s u rv iv a l of g rafts  

w ith  the scions of Neelum and Banganapally  are  g iven  in tab le  3

was observed  tha t the percentage of po lyem bryony ranged from

9 76 to 49 54 fo r the po lyem bryon ic v a r ie t ie s  the low est for



A perusal of the data shows that the percentage of success was 

72 96 fo r Neelum whereas i t  was 70 19 fo r Banganapally and both 

the scions do not d if fe r  s ig n ifican tly  w ith regard to j:he sprouting 

of g ra fts  I t  is  also ev ident from the tab le  that the Neelum and 

Banganapally scion produced almost same percentage of s u rv iv a l 

(21 60 and 21 33 re sp e c t iv e ly )

2 3 E ffe c t of month of grafting

The e ffect of month of grafting on sprouting and s u rv iv a l 

of g rafts  is  shown in tab le  4 I t  is  seen that when grafting was 

done in June more percentage success was obtained (82 78) and 

the maximum percentage (23 68) of s u rv iv a l was observed

fo r grafting  done during August although there is  no s ign ificant 

d ifference  between the treatments

2 4 In teraction  effect of rootstock and scion

The sprouting and s u rv iv a l of g rafts  w ith various rootstock 

and scion combinations are  presented m tab le  5 Muvandan rootstock 

grafted w ith  Neelum was s ig n ifican tly  superio r to other treatment 

combinations w ith  respect to in it ia l  success as Ind icated  by the 

sprouting of g rafts  (92 22 per cent) fo llowed by Muvandan rootstock 

grafted w ith  Banganapally (85 56 per cent) Sprouting was minimum 

fo r Chandrakaran grafted w ith  Banganapally and Bangalora grafted 

w ith  Neelum (58 89 per cent each) As fo r the s u rv iv a l of grafts 

Pu liyan  rootstock grafted w ith  Neelum recorded the highest



Table 3 E ffect of scion on sprouting and s u rv iv a l of grafts
( percentage)

Scion Sprouting S u rv iv a l

S 1 72 96 21 60

S2 70 19 21 33

CD (0 05) NS NS

Table 4 E ffe ct of month of grafting on sprouting and s u rv iv a l of 
g ra fts  (percentage)

Month Sprouting S u rv iv a l

M 82 78 19 35

M2 57 78 21 37

M3 74 17 23 68

Homogeneous at 5% le ve l



percentage (66 66) of success and was found to  be s ig n if ic a n t ly  

su p e rio r o ve r  o th e r rootstock  scion com binations The s u rv iv a l 

of g ra fts  was a lso  high (65 00) fo r  P u liy a n  Ban ganap a lly  rootstock 

scion com bination The le a s t percentage of s u r v iv a l  was observed  

fo r T o lik a ip an  rootstock g rafted  w ith  Ban ganap a lly  (24 40) and 

Neelum (30 00) scions S u r v iv a l  of g ra fts  was a lso  v e ry  low  fo r 

the rootstock  O lour (T a b le  5) g ra fted  w ith  Banganapa lly  (26 67 

per cent) and w ith  Neelum scion (30 00 p e r cent)

2 5 In te rac tio n  e ffec t of rootstock and month of g ra ftin g

Data fu rn ished  m tab le  6 shows th e  e ffe c t  of month of 

g ra fting  w th d iffe re n t roostocks on sprouting  and s u r v iv a l  of g rafts  

S ig n ifican t d iffe ren ces  w ere not obtained among the  va r io u s  trea t 

ment com binations stud ied  However C handrakaran  rootstock  grafted  

m  June gave the h igh est percentage of success (95 00) and the 

same rootstock  g rafted  m Ju ly  gave the  le a s t percentage (36 67) 

W ith regard  to s u rv iv a l of g ra fts  P u liy a n  roo tstock  g rafted  in 

August recorded  the h igh est percentage (66 60) of success w h ile  

T o lik a ip an  roo tstocks g ra fted  in June d id  not s u r v iv e  a t a l l

2 6 In te rac tio n  e ffect of scion and month of g ra fting

The combined in fluence  of scion and month of g ra fting  on 

sprouting  and s u r v iv a l  of g ra fts  is  c le a r  from  ta b le  7 In it ia l  

success was h ig h e r (84 44 p er cent) when g ra ftin g  was done in



Tab le  5 Interaction e ffect of scion and rootstock on sprouting
and s u rv iv a l of g rafts  (percentage)

Rootstock Sprouting S u rv iv a l

R 1 92 22 85 56 45 50 33 30

R2 74 44 78 89 66 66 65 00

R3 67 78 70 00 30 00 26 67

R4 72 22 58 89 37 77 40 00

R5 58 89 60 00 40 00 42 20

R6 72 22 67 78 30 00 24 40

CD (0 05) 1 080 0 207

2 2

Tab le  6 Interaction e ffect of month of grafting and rootstock on 
sprouting and s u rv iv a l of g ra fts  (percentage)

Sprouting
Rootstock -----------------

R 1 93 33 90 00

R2 78 33 66 67

R3 81 67 51 67

R4 95 00 36 67

R5 73 33 55 00

R6 75 00 46 67

S u rv iv a l 

^  ^  ^  ^

83 33 25 00 46 60 46 60
85 00 45 00 41 60 66 60
73 33 28 30 25 00 31 67
65 00 38 33 26 67 51 67
50 00 30 00 51 67 41 67
88 33 C) 28 33 45 00

omogeneous at 5% leve-



T a b le  7 In te rac tio n  e ffe c t  of month of g ra fting  and scion on
sprouting  and s u r v iv a l  of g ra fts  (percen tage)

Scion Month Sprouting  S u r v iv a l

M„

M.

81 11

63 33 

74 44

27 77 

37 20 

48 80

M,

M_

84 44 

52 22 

73 89

30 55 

36 11 

45 50

S

S

CD (0 05) 0 763 NS



June using Banganapa lly  as scion The success was le a s t (52 22) 

when the  same v a r ie ty  was g ra fted  during Ju ly  The d iffe re n t trea t 

ment com binations d id  not d if fe r  s ig n if ic a n t ly  w ith  regard  to the 

percentage of s u r v iv a l  The h igh est (48 80) percentage of s u rv iv a l 

was reco rded  fo r Neelum scion g ra fted  during August Only 27 77 

percentage o f s u r v iv a l  was observed  fo r  Neelum scion grafted  

during June

2 7 In te rac tio n  e ffe c t of rootstock  scion and month of g rafting

The success and s u r v iv a l  of g ra fts  as a ffected  by rootstock 

scion and month a re  p resented  in tab le  8 and F ig  1 to 6 S ta t is t ic a l 

an a ly s is  showed s ig n if ic a n t d iffe ren ces  between treatm ent combinat 

ion on sprouting  and s u r v iv a l  of g ra fts  The maximum percentage 

of success (96 67) was obtained when Muvandan and Chandrakaran 

rootstocks w ere g ra fted  w ith  Neelum scion during June But when 

Chandrakaran  rootstock was g rafted  w ith  Banganapa lly  scion during 

Ju ly  the  percentage of success was the low est (33 33) S u r v iv a l 

of g ra fts  was maximum (76 67) fo r the  treatm ent com bination Pu liyan  

rootstock g ra fted  w ith  Banganapa lly  scion during August T o lik a ip an  

rootstock g ra fted  w ith  Banganapa lly  scion during June d id  not

s u rv iv e

In general of the  va rio u s  treatm ent com binations tr ie d  to 

study the  e ffe c t  on sprouting  and s u r v iv a l  of g ra fts  the  treatm ent 

com bination of rootstock  and scion and rootstock  scion and month 

of g ra fting  had s ig n if ic a n t e ffe c t on the percentage of success and



Tab le  8 In teraction  e ffect of rootstock scion and month of grafting
on sprouting and s u rv iv a l of g rafts (percentage)

Rootstock Scion Sprouting

M M3

S u rv iv a l

M M3

96 67 93 33 86 67 26 67 56 67 53 33

90 00 86 67 80 00 23 33 36 67 43 33

70 00 63 33 90 00 40 00 43 33 50 00

86 67 70 00 80 00 50 00 40 00 76 67

70 00 66 67 66 67 26 67 23 33 33 33

93 33 36 67 80 00 23 33 26 67 30 00

96 67 40 00 80 00 23 33 26 67 63 33

93 33 33 33 50 00 53 33 26 67 40 00

66 67 70 00 40 00 26 67 50 00 43 33

80 00 40 00 60 00 33 33 53 33 40 00

86 67 46 67 83 33 16 67 23 33 50 00

66 33 46 67 93 33 33 33 40 00

CD (0 05) 1 869 0 358

1 1

S

S

2 5

S
3 S

S

4 S

S
5 S

s
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s u rv iv a l of g ra fts  W ith regard to in it ia l  success both the scions 

Neelum and Banganapally gave good re su lts  Month of grafting 

and scion a lso  had s ig n ifican t e ffect on the percentage of success

3 G irth  o f stock

The e ffec t of rootstock scion month of g ra fting  and th e ir  

in te ractions on g irth  of stock a re  presented in d e ta il m  the fo llow  

ing paragraphs

3 1 E ffe c t  of rootstock

The data on the e ffec t of rootstock on g irth  of stock is  

furn ished  in tab le  9 An an a lys is  of the data re vea led  s ign ifican t 

va r ia tio n  among the rootstocks during the f i r s t  th ree  months of 

observation  only The rootstock Bangalora was found to be superio r 

consisten tly  during the e n tire  period  of study record ing  1 89 cm 

of g irth  of stock at 150 days a fte r g rafting  In the in it ia l  period 

of 90 days a fte r  g rafting  Pu liyan  rootstock recorded  the least 

stock g irth  From 120 days a fte r  g rafting  O lour rootstock 

produced the th innest stock record ing 1 50 cm a t 150 days a fter 

g rafting

3 2 E ffe c t  of scion

W ith regard  to the e ffec t of scion (T a b le  10) the v a r ie ty  

Neelum recorded  s ig n if ic a n tly  h igher va lues  of stock g irth  over 

Banganapa y during the en tire  period  o- oo serva tion  A t 150 days



Tab le  9 E ffe c t of rootstock on g irth  of stock (cm)

Rootstock
30

Days a fte r grafting

60 90 120 150

6
CD (0 05)

1 48 1 49 1 58 1 72 1 83
1 27 1 33 1 41 1 48 1 57
1 35 1 37 1 43 1 47 1 50
1 33 1 36 1 41 1 47 1 53
1 58 1 60 1 70 1 80 1 89
1 30 1 34 1 57 1 59 1 67

0 139 0 137 0 135 NS NS

1
2
3
4
5

Tab le  10 E ffe c t of scion on g irth  of stock (cm)

Rootstock DayS a fte r 9raftln9
30 60 90 120 150

51 1 45 1 48 1 56 1 64 1 72

52 1 36 1 38 1 46 1 54 1 61

CD (0 05) 0 088 0 087 0 085 0 083 0 083



afte r grafting^. Neelum scion reco rded  a stock g ir th  of 1 72 cm 

w h ile  the s tock  g ir th  of Banganapa lly  was 1 61 cm

3 3 E f fe c t  of month of g ra ftin g

O bservatio ns  tabu lated  in tab le  11 rep resen ts  the  e ffec ts  

of d iffe re n t months of g ra ftin g  on g ir th  of stock A l l  the th ree  

treatm ents w ere  s ig n if ic a n t ly  d if fe re n t  during 30 60 and 90

days a fte r  g ra fting  H ow ever during th e  en tire  period  of study 

maximum stock  g irth  (1 79 cm) was recorded  fo r g ra fting  done

in Ju ly  and minimum (1 52 cm) was recorded  fo r g ra fting  done

in June

3 4 In te rac tio n  e ffe c t of rootstock  and scion

The rootstock scion com binations had s ig n if ic a n t in fluence 

on g irth  of stock during th e  en tire  period  of study as seen in

tab le  12 The treatm ent com bination Bangalora rootstock  g rafted  

w ith  Neelum produced co n s is ten tly  h ig h e r va lues  of mean stock 

g irth  Bangalora Neelum com bination recorded  1 95 cm of stock 

g irth  a t 150 d ays  a fte r  g ra fting  Next to th is  Muvandan rootstock 

grafted  w ith  Neelum recorded  h ig h e r va lues  of stock  g irth  (1 92

cm) T o lik a ip a n  rootstock g ra fted  w ith  Banganapa lly  was found 

to record  the  minimum g ir th  of stock upto 90 days  a fte r  g rafting  

S in ce  then O lour rootstock  g ra fted  w ith  Banganapa lly  produced least 

g irth  of s tock  A t 150 d ays  a fte r  g ra fting  O lour Banganapa lly  combi 

nation gave 1 40 cm cr* g ir  h o f stock



T ab le  11 E ffe c t  of month of g ra fting  on g irth  of stock  (cm)

30 60 90 120 150

M1 1 31 1 33 1 39 1 46 1 52

M2 1 52 1 54 1 62 1 71 1 79

M3 1 39 1 42 1 51 1 59 1 68

CD (0 05) 0 099 0 106 0 104 NS NS



Tab le  12 In te rac tio n  e ffe c t of scion and rootstock on g irth  o f stock (cm)

Days a fte r  grafting

Rootstock 30 60 90 120 150

R 1 1 55 1 41 1 56 1 43 1 65 1 51 1 80 1 63 1 92 1 73

R2 1 27 1 27 1 33 1 33 1 41 1 40 1 48 1 48 1 58 1 56

R3 1 46 1 24 1 48 1 24 1 53 1 33 1 58 1 37 1 61 1 40

R4 1 33 1 34 1 37 1 35 1 41 1 41 1 47 1 47 1 52 1 53

R5 1 65 1 52 1 67 1 53 1 78 1 63 1 88 1 72 1 95 1 83

R6 1 37 1 21 1 42 1 22 1 51 1 26 1 71 1 42 1 77 1 52

CD (0 05) 0 196 0 194 NS 0 012 0 184

1 2 1 2 2 2 2



3 5 Interaction e ffect of month of grafting and rootstock

The data on g irth  of stock fo r d iffe ren t combinations of 

rootstocks grafted during d iffe ren t months a re  incorporated  in tab le  

13 A close scru tiny  of the tab le  re ve a ls  the s ig n ifican t im pact

of rootstock and month combination on g ir th  of stock Bangalora

rootstock grafted  during August were found to record  consistently

h igher mean stock d iam eter during the en tire  period  of observa t 

ion Bangalora rootstock grafted  during August recorded 2 17 cm

stock g irth  at 150 days a fte r  grafting Bangalora rootstock grafted  

during Ju ly  a lso  fo llow ed the same trend m perform ance Lower

mean stock g irth  of 1 12 cm 1 15 cm and 1 25 cm w ere recorded

during 30 days 60 days and 90 days a fte r  grafting by To lika ip an

rootstock grafted during August La te r on Pu liyan  rootstock g ra fted  

during June gave least th ickness  of stock (1 40 cm)

3 6 In teraction  e ffec t of scion and month of grafting

G irth  of stock was g rea tly  influenced by scion and month 

combinations (T ab le  14) A perusal of the tab le  shows that the

v a r ie ty  Neelum grafted  as scion during Ju ly  gave the maximum 

mean stock d iam eter during the en tire  period  of observation  mean 

va lue being 1 89 cm at 150 days a fte r grafting The e ffect of 

Banganapally scion grafted  during June was h ig h ly  in fe r io r  through 

out the period  of study T h is  combination recorded  1 46 cm of 

stock g irth  a t 150 days a fte r  grafting



Table 13 Interaction effect of month of grafting and rootstock on g irth  of stock (cm)

Rootstock
Days after grafting

30 60 90 120 150

M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3

R 1 1 40 1 61 1 43 1 42 1 62 1 44 1 50 1 71 1 52 1 63 1 87 1 65 1 71 2 00 1 76

R2 1 19 1 43 1 20 1 23 1 47 1 28 1 30 1 54 1 39 1 33 1 65 1 47 1 40 1 76 1 56

R3 1 36 1 50 1 9 1 38 1 51 1 21 1 43 1 58 1 28 1 46 1 62 1 34 1 49 1 79 67

R 1 33 1 38 1 29 1 36 40 1 34 1 0 1 45 1 39 1 46 1 50 1 45 1 53 1 52 1 53

R5 1 25 1 68 1 82 1 26 1 70 1 84 1 34 1 82 1 95 1 43 1 92 2 06 1 49 2 01 2 17

R6 1 38 1 45 1 12 1 46 1 47 1 15 58 1 60 1 27 1 67 1 77 37 1 70 1 87 1 5

CD (0 05) 0 240 0 237 0 234 0 227 0 018



Tab le  14 In te ractio n  e ffe c t  o f scion and month of g rafting  on
g ir th  of s tock  (cm )

Month  Days a fte r  g rafting_______________

30 60 90 120 150

M1 1 37 1 39 1 45 1 53 1 58

S 1 M2 1 61 1 63 1 71 1 80 1 89

m 3 1 38 1 42 1 50 1 59 1 68

M1 1 24 1 27 1 33 1 39 1 46

S 2 M2 1 43 1 45 1 53 1 62 1 68

M2 1 40 1 42 1 51 1 59 1 68

CD (0 05) 0 152 0 150 0 147 0 144 0 143



3 7 In te rac tio n  e ffe c t of roo tstock  scion and month o f g ra fting

Data on th e  g irth  of stock  as in fluenced  b y  roo tstock  scion 

and month o f g rafting  a re  p resented m ta b le  15 and F ig  7 to 12 

A c lose  exam ination of the  tab le  re v e a ls  tha t Banga lo ra  rootstock 

g ra fted  w ith  Neelum during August reco rded  maximum mean stock 

d iam eter during the e n t ire  period  of study w ith  a mean stock 

d iam eter of 2 32 cms at 150 d ays  a f te r  g ra fting  The treatm ent 

com binations of Bangalora rootstock g ra fted  w ith  Neelum during

Ju ly  (2 16 cm) Muvandan rootstock g ra fted  w ith  Neelum during

Ju ly  (2 23 cm) and Bangalora rootstock g ra fted  w ith  Banganapa lly  

during August (2 02 cm) w ere a lso  s ta t is t ic a l ly  on par w ith  

Banga lora Neelum August com bination a t 150 days  a fte r  g rafting  

The lea s t g ir th  of stock was observed  fo r the treatm ent combmat 

ion T o lik a ip an  g ra fted  w ith  Banganapa lly  during August upto 90 

d ays  a fte r  g ra fting  T h e re a fte r  from 120 d ays  a fte r  g ra ftin g  Pu liyan  

rootstock  g ra fted  w ith  Banganapa lly  during June produced the  least 

growth of stock  in d iam eter P u liy a n  rootstock g ra fted  w ith  

Banganapa lly  during June reco rded  1 33 cm stock g ir th  a t 150 days 

a fte r  g ra fting

From the  foregoing a n a ly s is  i t  may be concluded th a t a l l

the  treatm ents t r ie d  under th is  study had s ig n if ic a n t in fluence 

on g ir th  of s tock  Bangalora the  monoembryonic roo tstock  produced 

the  th ic k e s t  s to cks throughout the  p e rio d  of study W ith  regard  

to s c io r s  used  ~ o r  g ra fting  Neelum reco rd ed  h ig h e r mean s^ock



Table 15 Interaction effect of rootstock sc on and month of grafting on girth of stock (cm)

Days after grafting
Ro t 
stock Scion 30 60 90 120 150

M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3

R 1 S 1 1 65 1 75 1 25 66 76 25 1 75 1 88 1 32 89 2 07 1 4 1 98 2 23 55

S2 1 15 1 47 1 62 1 18 1 47 1 63 1 26 1 56 1 72 1 36 1 68 1 86 1 44 1 78 96

S 1 1 22 1 48 1 10 1 25 1 52 1 21 1 36 1 56 1 32 1 40 1 63 1 41 1 46 1 77 1 51
2

S2 1 15 1 38 1 29 1 27 1 42 1 34 1 24 52 46 1 26 1 66 1 52 33 1 74 1 6

R-> S 1 1 46 1 70 1 23 1 47 1 71 1 24 1 53 1 75 1 32 1 56 1 81 1 36 1 61 1 83 1 38
3

S2 1 27 1 30 1 16 29 1 32 1 17 1 33 1 4 1 25 1 36 1 44 1 32 1 38 1 46 1 37

R4 S 1 1 31 1 30 1 38 1 34 31 1 47 1 37 1 38 1 48 1 42 1 43 1 55 1 48 1 47 1 62

S2 1 35 1 47 1 20 1 37 1 48 1 21 1 43 1 52 1 30 1 50 1 57 1 34 1 57 1 57 1 43

R5 51 1 19 1 83 1 92 1 22 1 87 1 94 1 26 2 00 2 07 1 37 2 06 2 21 1 39 2 16 2 32

S 2 1 30 1 53 1 73 1 31 1 54 1 74 1 41 1 63 1 83 1 49 1 78 1 91 1 60 1 87 2 02

CO (0 05)

1 38 1 50 
1 40

0 340

1 22 
1 02

1 46 1 54 
1 4

0 335

1 27 
03

1 57 68 
1 51

0 330

1 42 
1 12

1 67 1 95 
1 60

0 321

1 51 
1 24

1 70 2 05 
1 70

0 319

56 
1 3
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d iam eter G ra ftin g  done in  Ju ly  gave the maximum g ir th  of stock 

during a l l  the  period  under observa tio n  Of the va r io u s  treatm ent 

com binations t r ie d  Banga lora w ith  Neelum Banga lo ra  g ra fted  in

August and Neelum scion g ra fted  in Ju ly  gave the maximum stock

d iam eter As to the  combined e ffec t of rootstock scion and month 

of g ra fting  Bangalora Neelum August com bination was found to be

id e a l fo r  the developm ent o f g irth  of stock

4 G irth  of scion

The re su lts  on th e  e ffe c t of rootstock  scion month and 

th e ir  in te rac tio n s  on g ir th  of scion a re  presented in the fo llow ing  

paragraphs

4 1 E ffe c t  of rootstock

The data fu rn ished  in  tab le  16 in d ica te  the s ig n if ic a n t e ffec t 

of d iffe ren t rootstock on g irth  of scion The data again confirm

th a t Bangalora is  a v igorous rootstock record ing  maximum mean

(1 65 cm) scion d iam eter How ever Muvandan rootstock  a lso

produced h ig h e r mean scion d iam eter (1 61 cm) but next to

Bangalora Chandrakaran  when used as rootstock reco rd ed  least

scion g irth  (1 48 cm) a t 150 days  a fte r  g rafting

4 2 E ffe c t  of scion

The s ig n if ica n t d iffe re n ce s  in the  growth o f scion w ith

respect to g ir th  is  c le a r  from ta b le  17 G rafting  w ith  Neelum scion



Tab le  16 E ffe c t of rootstock on g irth  of scion (cm)

Rootstock  Days a fte r grafting__________

30 60 90 120 150

R 1 1 34 1 35 1 43 1 53 1 61

R2 1 25 1 27 1 35 1 44 1 51

R3 1 34 1 36 1 40 1 43 1 52

R4 1 29 1 30 1 38 1 43 1 48

R5 1 40 1 41 1 50 1 58 1 65

R6 1 24 1 25 1 39 1 46 1 55

(0 05) 0 147 0 147 0 146 0 148 0 158



resu lted  in maximum g irth  during a l l  the periods under study 

Mean scion g irth  was 1 61 cm fo r g rafting  done w ith  Neelum scion 

w hereas w ith  Banganapally scion i t  was 1 49 cm at 150 days a fte r 

g rafting

4 3 E ffe c t  of month of grafting

The observations on mean average g irth  of scion recorded 

a t monthly in te rv a ls  are  presented m tab le  18 A perusa l of the 

data re ve a ls  tha t grafting  done m Ju ly  produced h igher values 

of c ircum ference of scion than o ther months of g rafting  eventhough 

the d iffe ren ce  is  not s ig n ifican t Mean scion g irth  of 1 50 cm

1 59 cm and 1 57 cm were recorded when grafting  was done in 

June Ju ly  and August re s p e c t iv e ly  a t 150 days a fte r grafting

4 4 In teraction  e ffect of rootstock and scion

Data furn ished  m tab le  19 shows the e ffect of rootstock

and sc iom c combinations on the g irth  of scion Bangalora rootstock

w ith  Neelum as scion produced the maximum scion growth during 

the e n tire  period  of observation  Scion g irth  was 1 82 cm a fte r

150 days of g rafting  fo r th is  treatment combination Rootstock scion 

com binations Muvandan Neelum and T o lika ip an  Neelum were also 

s ta t is t ic a l ly  on par w ith  Bangalora Neelum combination They 

produced mean scion d iam eter of 1 66 cm and 1 65 cm re sp e c t iv e ly  

a t 150 days  a fte r  grafting The le a s t mean scion g irth  was observed 

fo r T o lik a ip an  rootstock grafted  w ith  Banganapally  at a l l  periods 

under study



T a b le  17 E f fe c t  o f sc ion  on g ir th  of sc ion  (cm )

Scion Days a fte r grafting

30 60 90 120 150

S 1 1 40 1 42 1 48 1 55 1 61

S2 1 25 1 26 1 34 1 42 1 49

CD (0 05) 0 093 0 093 0 092 0 093 0 100

Table 18 Effec t of month of grafting on g irth of scion (cm)

Month Days after grafting

30 60 90 120 150

M 1 1 29 1 30 1 38 1 44 1 50

M2 1 36 1 37 1 45 1 53 1 59

M3 1 33 1 34 1 41 1 48 1 57

Homogeneous at 5% le ve l



Table 19 Interaction effect of v a r ie ty  of scion and rootstock on g irth  of scion (cm)

Rootstock 30

Days a fte r grafting

60 90 120 150

R 1 1 39 1 28 1 41 1 29 1 48 1 38 1 57 1 49 1 66 1 56

R2 1 25 1 26 1 26 1 27 1 34 1 36 1 41 1 46 1 49 1 53

R3 1 46 1 23 1 47 1 24 1 52 1 29 1 54 1 33 1 58 1 45

R4 1 34 1 24 1 35 1 26 1 43 1 33 1 48 1 39 1 51 1 45

R5 1 56 1 23 1 58 1 25 1 66 1 34 1 75 1 41 1 82 1 47

R6 1 27 1 20 1 28 1 21 1 47 1 27 1 57 1 29 1 65 1 41

CD (0 05) 0 208 0 208 0 207 0 210 0 224



The d iffe ren t combination of rootstocks grafted  during d if fe r  

ent months had s ig n ifican t e ffec t on g irth  of scion during the

e n tire  period  of observation  (T ab le  20) Rootstock Bangalora grafted 

during August was s ig n if ic a n tly  sup erio r o ve r o ther treatment 

combinations record ing  a mean scion d iam eter of 1 93 cm at 150 

days a fte r g rafting  Beyond 90 days Bangalora g rafted  m Ju ly

a lso  produced h igh er va lues  of g irth  of scion In te res tin g ly  it

could be noted tha t at 150 days a fte r g rafting  Muvandan grafted

in June a lso  attained the same g irth  of scion (1 69 cm) as that 

of Bangalora g rafted  in Ju ly  T o lika ip an  grafted  in August was 

found to record  s ig n if ic a n t ly  low er va lues of g irth  of scion during 

the en tire  period  study

4 6 In te raction  e ffect of scion and month of g rafting

Though none of the scion month com binations have s ign ifican t

e ffec t on g irth  of scion Neelum g rafted  in Ju ly  consistently

produced h ig h e r values of mean scion d iam eter (T a b le  21) Neelum 

grafted  in Ju ly  recorded mean scion g ir th  of 1 66 cm at 150 days

a fte r  grafting  w h ile  Banganapally grafted  in June reg iste red  lesser 

values of scion g irth  (1 43 cm)

4 7 In te ractio n  e ffec t of rootstock scion and month of grafting

Data on g irth  of scion as in fluenced by the rootstock scion 

and month of g rafting  a re  expressed  in tab le  22 and F ig  13 to 18

4 5 In te raction  e ffec t of rootstock and month of g ra fting



Table 20 Interact on effect of month of graft ng and rootstock on g irth  of scion (cm)

Days after grafting
Rootstock 30 60 90 120 150

M1 M2 M3 Mi M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3

R 1 I 38 1 38 1 25 1 40 1 38 26 1 48 1 47 1 35 1 58 1 58 1 43 1 69 1 64 1 50

R2 1 21 1 28 1 27 1 22 1 30 1 26 1 31 1 39 1 36 1 37 1 47 1 46 1 44 1 55 1 55

R3 1 41 1 40 1 21 1 43 1 41 1 23 1 49 1 46 1 26 1 50 1 49 1 30 1 53 1 55 1 47

R4 1 32 1 32 1 23 1 34 1 33 1 24 1 4 40 1 30 1 8 1 46 1 35 1 54 1 51 39

R5 1 09 1 43 1 67 1 1 1 45 1 67 1 19 1 54 1 76 1 26 1 63 1 85 1 32 1 69 1 93

R6 1 32 1 32 1 13 1 33 1 33 1 14 1 47 1 52 1 21 1 52 1 65 1 23 1 60 1 78 1 31

CD (0 05) 0 255 0 255 0 254 0 257 0 274



T a b le  21 In te ra c tio n  e f fe c t  of v a r ie t y  o f sc ion  and month of
g ra ftin g  on g ir th  of sc ion  (cm )

Days a fte r grafting
Scion Month  —------ —------ —------- —------- ——30 60 90 120 150

M 1 1 37 1 39 1 46 1 50 1 57

S 1 M2 1 44 1 46 1 53 1 61 1 66

M3 1 39 1 40 1 47 1 54 1 61

M 1 1 20 1 21 1 29 1 38 1 43

S2 M2 1 28 1 29 1 38 1 45 1 52

M3 1 26 1 28 1 35 1 42 1 53

Homogeneous at 5% le v e l



Table 22 Interaction effect of rootstock sc on and month of grafting on g irth of scion (cm)

Root
stock

Days after grafting
Scion

30 60 90 120 150

M 1 M2 M3 M1 M2 M3 M M2 M3 M1 M2 M3 M1 M2 M3

R 1 S 1 1 64 1 38 1 17 1 66 1 40 1 18 1 73 1 48 1 24 1 79 1 61 1 30 1 95 1 66 1 35

S2 1 13 1 37 1 33 1 14 38 1 35 1 24 1 45 1 45 1 36 1 55 1 56 1 42 1 61 65

R-> S 1 1 22 1 32 1 22 1 23 1 34 1 23 1 30 1 41 1 31 1 34 1 47 1 43 1 0 1 55 52
2

S2 1 20 1 25 1 32 1 22 1 26 1 33 1 30 1 37 1 40 1 41 1 48 1 50 1 47 1 55 1 57

R3
S 1 50 1 58 1 30 1 52 1 60 1 31 1 57 1 63 1 35 1 59 1 65 1 38 1 62 1 70 1 43

S 2 1 33 1 22 1 13 1 35 23 1 47 40 1 29 1 18 1 41 1 34 1 22 1 45 1 40 1 50

R/ S 1 1 29 1 30 1 42 1 31 1 30 1 43 1 38 1 38 1 50 1 42 1 45 1 56 1 45 1 48 1 65
4

S2 1 35 1 33 1 03 1 37 1 35 1 05 1 45 1 43 1 11 1 54 1 48 1 14 1 63 1 55 1 16

S 1 1 22 1 63 1 83 1 23 65 1 85 30 1 75 1 92 1 39 1 85 2 02 1 44 1 92 2 10
5

S2 0 97 1 23 1 50 0 98 1 26 51 1 09 1 33 1 59 1 14 1 42 1 68 1 18 1 47 1 76

S 1 1 32 1 33 1 17 1 33 1 35 1 17 1 7 1 67 1 26 1 52 1 87 1 32 1 60 1 97 1 37
6

S2 1 30 1 10 31 1 10 1 37 1 16 1 43 1 14 1 58 1 23

CD (0 05) 0 361 0 361 0 359 0 047 0 388
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I t  is  c le a r ly  ev id en t from the tab le  that th e re  is  s ign ifican t d if fe r  

ence w ith  regard  to g irth  of scion fo r d iffe ren t treatm ent combinat 

ions throughout the p eriod  of observation  Maximum g irth  of scion 

a t 150 days a fte r  g rafting  (2 10 cm) was noted when grafting was 

done on Bangalora using Neelum in the month of August Fu rth er 

Bangalora grafted  w ith  Neelum in Ju ly  (1 92 cm) Muvandan grafted 

w ith  Neelum in June (1 95 cm) a lso  produced con sis ten tly  h igher 

circum ference of g irth  throughout the period  under study In the 

la te r  stages To lika ip an  g rafted  w ith  Neelum in Ju ly  a lso  recorded 

h igher (1 97 cm) scion d iam eters The least va lues  w ere found 

throughout the period  under study fo r g raftings done m August 

w ith To lika ipan  rootstock and Banganapally scion

In the lig h t  of the above re su lts  it  may be stated that 

the rootstock scion and th e ir  combinations have s ign ifican t influence 

on g irth  of scion a fte r  g rafting  Bangalora the monoembryonic 

rootstock is  sup erio r than a l l  the p o lyem bryon ic  rootstock tried  

in th is  study Among the po lyem bryon ic rootstocks Muvandan ranks 

f i r s t  W ith respect to scions the id ea l one is  Neelum Bangalora 

Neelum August combination was found best fo r scion growth w ith  

respect to g irth

5 G irth  of new growth

The e ffect of rootstock scion month and th e ir  in teractions 

on g irth  of new growth a re  presented in d e ta il in the fo llow ing 

Paragrapr-3



5 1 E ffe c t  of rootstock

(T a b le  23) Though none of the roo tstocks have  g iven  s ig n if ic a n tly

more va lu es  than Bangalora (1 18 cm) i t  can be ob served  tha t

T ao lik a ip an  is  putting up co m p ara tive ly  h ig h e r va lu es  (1 19 cm) 

o ve r  o the r rootstocks at the la te r  stage of th is  s tu d y  I t  can a lso  

be seen th a t Muvandan rootstock is  la te  in sprouting

5 2 E f fe c t  o f scion

Scions d id  not show s ig n ifica n t e ffe c t on c ircum ference  of 

new growth (T a b le  24) But Neelum scion co n s is ten tly  produced 

h igh er va lu es  than Banganapally

5 3 E f fe c t  of month of g ra fting

The data perta in ing  to the e ffe c t of months a re  g iven in 

tab le  25 Though not s ig n ifica n t g ra fting  done in Ju ly  produced

h ig h e r va lu es  of mean g ir th  of new growth throughout the period  

of ob serva tio n

5 4 In te rac tio n  e ffec t of rootstock and scion

On p e ru sa l of the data presented in ta b le  26 i t  is  seen 

th a t roo tstoclj scion com bination have no s ig n if ic a n t e ffe c t on g irth  

of new growth H owever Bangalora w ith  Banganapa lly  recorded  

the  maximum (1 26 cm) mean g irth  of new grow th c lo s e ly  fo llow ed  

by Bangalora Neelum com oination (1 22 cm) a t  1o0 d ays  a tte r  g rafting

G ir th  of sp rout is  not s ig n if ic a n tly  in fluenced  by rootstock



T a b le  23 E f fe c t  of ro o ts to ck  on g ir th  of sp ro u t (cm)

Days a fte r grafting 
Rootstock -------------------------------

30 60 90 120 150

R 1 0 0 76 0 87 0 95 0 99

R2 0 69 0 89 0 95 0 99 1 05

R3 0 67 0 81 0 90 0 93 0 96

R4 0 68 0 78 0 85 0 88 0 91

R5 1 01 1 05 1 09 1 15 1 18

R6 0 81 0 84 0 91 0 94 1 19

Homogeneous at 5% le v e l



T ab le  24 E ffe c t of scion on g ir th  of sp rout (cm)

Scion
Days after grafting

30 60 90 120 150

S 1 0 61 0 90 0 9V 1 01 1 05

S2 0 60 0 81 0 90 0 95 0 98

Homogeneous at 5% leve l

Table 25 Effect of month of grafting on girth of sprout (cm)

Month
Days after grafting

30 60 90 120 150

M1 0 54 0 85 0 93 0 97 0 99

M2 0 65 0 89 0 99 1 05 1 11

M3 0 63 0 82 0 89 0 92 0 95

Homogeneous at 5 % leve l



Table 26 Interaction effect of rootstock and scion on g irth  of sprout (cm)

Days a fte r grafting

Rootstock 30 60 90 120 150

S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2

R1 0 0 0 77 0 75 0 91 0 83 0 96 0 94 0 99 1 00

R2 0 65 0 73 0 87 0 91 0 92 0 98 0 98 1 01 1 07 1 03

R3 0 74 0 59 0 99 0 62 1 03 0 77 1 07 0 79 1 09 0 82

R4 0 70 0 65 0 89 0 67 0 95 0 75 0 98 0 78 1 01 0 80

R5 0 96 1 05 0 99 1 10 1 02 1 17 1 07 1 22 1 09 1 26

R6 0 88 0 69 0 92 0 71 1 06 0 78 1 03 0 79 1 06 0 82

Homogeneous at 5% le ve l



5 5 In teraction  e ffec t of rootstock and month of g rafting

The observations on the e ffec t of rootstock and month are 

presented in tab le  27 I t  is  seen th a t, though not s ign ifican t 

the po lyem bryom c v a r ie t ie s  reg iste red  le s s e r  va lues  than the mono 

em bryonic v a r ie ty  Bangalora Among the po lyem bryom c v a r ie t ie s  

the least g irth  of new growth was recorded  fo r To lika ip an  and

Chandrakaran rootstocks when grafted  in August

5 6 In teraction  e ffect of scion and month of grafting

The e ffect of scion and month of g rafting  on g irth  of new 

growth is  incorporated  in tab le  28 None of the treatm ent combi 

nations d if fe r  s ig n if ica n tly  w ith  resp ect to th is  param eter However 

Banganapally scion grafted  in Ju ly  showed com p ara tive ly  h igher 

values (1 13 cm} of g irth  of new growth

5 7 In te raction  e ffect of rootstock scion and month of grafting

I t  can be seen from tab le  29 tha t no treatm ent combinations

have s ig n ifican t e ffect on g irth  of sprout Bangalora rootstock

grafted  w ith  Banganapally m  Ju ly  recorded  com p ara tive ly  h igher 

va lues (1 70 cm) of mean g irth  of sprout at 150 days a fte r g raft 

mg I t  can a lso  be noted tha t w h atever may be the scion or month 

of grafting the rootstock Muvandan sprouted la te r  than other root 

stocks



Table 27 Interaction effect of month of grafting and rootstock on g rth of sprout (cm)

Rootstock
Days after grafting

30 60 90 120 150

M1 M2 M3 M1 M2 M3 M1 M2 M3 Mi M2 M3 M1 M2 M3

R, 0 0 0 0 80 0 75 0 72 0 89 0 92 0 80 0 98 1 0 0 85 1 04 1 07 0 88

R2 0 5* 0 72 0 80 0 86 0 92 0 88 0 94 0 98 0 93 0 97 05 0 97 1 00 1 17 0 98

R3 0 53 0 79 0 70 0 87 0 81 0 73 0 93 0 97 0 78 0 97 1 02 0 81 0 98 1 06 0 83

R 0 89 0 59 0 56 0 91 0 78 0 65 1 00 0 84 0 73 1 02 0 89 0 73 1 04 0 92 0 75

R5 0 75 1 17 09 0 81 1 20 1 13 0 88 1 24 1 17 0 90 28 1 26 0 91 1 32 1 30

R6 0 92 0 93 0 63 1 00 0 95 0 65 1 00 07 0 7 1 06 1 08 0 74 1 10 1 11 0 75

Homogeneous at 5% leve l



T a b le  28 In te ra c t io n  e f f e c t  o f sc io n  and month o f g ra ft in g  on
g ir th  o f s p ro u t  (cm )

Scion Month
Days a fte r  grafting

30 60 90 120 150

M 1 0 47 0 88 0 95 0 99 1 02

S 1 M2 0 63 0 90 0 96 1 02 1 09

M3 0 73 0 93 0 99 1 02 1 04

M i 0 61 0 83 0 90 0 94 0 97

S2 M2 0 68 0 90 1 02 1 08 1 13

M3 0 53 0 72 0 78 0 85 0 85

Homogeneous at 5% le v e l



Table 29 Interact on effect of rootstock sc on and month of graft ng on g rth of sprout (cm)

Root
stock Scion

Days after graft ng

30 60 90 120 150
M M„ M M. M M_ M M. M M.

S.J 0 0 0 0 79 0 03 0 68 0 90 09 0 76 0 97 1 12 0 80 1 00 1 15 0 83
S2 0 0 0 0 82 0 68 0 77 0 88 0 76 0 86 0 99 0 9 0 90 1 08 0 99 0 93

S 0 33 0 89 0 73 0 87 0 93 0 80 0 96 0 94 0 87 0 99 1 05 0 90 1 0 1 25 0 9
S2 0 75 0 56 0 87 0 85 0 92 0 96 0 92 02 1 00 0 94 04 04 0 95 1 08 05

S.J 0 28 02 0 92 0 95 1 05 0 97 0 06 1 00 05 13 03 1 06 1 16 1 0
S2 0 77 0 55 0 7  0 80 0 56 0 50 0 85 0 89 0 56 0 88 0 91 0 59 0 91 0 95 0 6

0 91 0 42 0 78 0 93 0 80 0 94 00 0 85 1 0 02 0 89 03 1 06 0 93 1 05
S2 0 87 0 76 0 33 0 89 0 77 0 35 0 99 0 83 0 44 1 01 0 89 0 43 03 0 9  0 6

S! 0 82 0 8 22 0 85 0 87 1 25 0 89 0 88 29 0 93 0 93 36 0 95 0 9 38
S„ 0 69 1 50 0 97 0 78 53 00 0 86 1 60 1 05 0 86 64 1 16 0 87 1 70 1 22

S 0 92 0 93 0 79 1 00 0 96 0 81 1 06 1 13 0 88 1 06 3 0 91
S„ 0 92 0 47 0 94 0 48 1 0 0 54 1 03 0 56

1 15 0 93
07 0 58

1

2

3

4

Homogeneous at 5% eve



The foregoing a n a ly s is  lead s to the conclusion tha t none 

of the treatm ents tr ie d  in th is  study have s ig n if ic an t e ffe c t on 

g ir th  of sprout Q en e ra lly  in the  p resen t study po lyem bryon ic  

v a r ie t ie s  recorded  le s s e r  circum ference of sprout compared to 

Bangalora the  monoembryonic v a r ie ty

6 Length of sp ro u t

The re su lts  of the e ffe c t of rootstock scion month of g ra ft 

ing and th e ir  in te rac tions w ere  ana lysed  and presented  in d e ta il 

in the fo llow ing  paragraphs

6 1 E ffe c t of rootstock

Data fu rn ished  in ta b le  30 re v e a ls  the e ffe c t of d iffe ren t 

rootstocks on the length of sprout S ta t is t ic a l d iffe ren ces  were 

noted only from 90 days a f te r  grafting  Among the va r io u s  rootstocks 

tr ie d  po lyem b ryon ic  v a r ie t ie s  recorded  le s se r  va lues  of sprout 

length I t  may a lso  be noted tha t when g ra fting  was done w ith  

rootstock O lour sprout length was minimum; 6 38 cm a t 150 days 

a fte r  g rafting  Maximum sprout length (12 91 cm) was recorded 

by Bangalora

6 2 E ffe c t  of scion

Scions a lso  s ig n if ic a n t ly  in fluenced  the  length of sprout 

throughout the period  of study (T ab le  31) Neelum scion produced 

'-o n s is tsc ii h ig h e r va lu es  of sprout length Mean sprout length



T ab le  30 E f fe c t  of rootstock on length of sprout (cm)

Days a fte r  g rafting
Rootstock  ■--- ■------------------------ -------- — —

30 60 90 120 150

R 1 0 30 3 99 6 44 8 96 9 64

a: 1 35 2 89 6 37 8 95 9 44

R3 2 14 3 35 5 41 5 84 6 38

R4 1 91 3 98 7 10 8 13 8 89

R5 2 21 6 81 10 93 11 78 12 91

R6 2 30 3 51 5 94 6 42 8 32

(0 05) NS NS 2 262 2 295 2 324



whereas Banganapally recorded only 8 00 cm

6 3 E ffe ct of month of grafting

E ffect of d ifferen t months on length of sprout is  presented

in tab le 32 I t  can be seen that the d ifferen t months tried  in 

th is  study have a sign ificant influence on sprout length Maximum 

growth of scion 9 76 cm at 150 days a fter grafting was recorded

for grafting done in Ju ly  c lose ly  followed by graftings done In 

August (9 75 cm)

6 4 Interaction effect of rootstock and scion

Rootstock scion combination have a s ignificant influence on 

length of sprout as is  evident from tab le  33 A perusal of the

tab le shows higher values of sprout length for the rootstock 

Bangalora ir re s p e c t iv e  of the va r ie ty  of scion Bangalora-Neelum 

combination produced the maximum (13 42 cm) sprout length at 

150 days a fte r grafting w h ile  Olour rootstock grafted w ith Bangana 

p a lly  recorded the least (4 52 cm) sprout length followed by 

Chandrakaran Banganapally combination (5 83 cm)

6 5 Interaction effect of rootstock and month of grafting

The data furnished in tab le 34 shows the combined effect 

of rootstock and month on growth of scion I t  is seen that Bangalora 

rootstock grafted during August recorded the maximum sprout length

of 10 36 cm was recorded for Neelum at 150 days after grafting



T a b le  31 E ffe c t  o f sc ion  on length of sp rout (cm )

Scion -------------------------------------------
30 60 90 120 150

Days a f te r  g rafting

S 1 1 79 4 50 8 24 9 84 10 36

S2 1 37 3 91 6 26 7 62 8 00

CD (0 05) 0 363 0 860 1 431 1 451 1 673

Table 32 Effec t of month of grafting on length of sprout (cm)

Days after grafting

30 60 90 120 150

M1 1 35 3 31 5 90 7 41 8 04

M2 2 31 4 57 7 77 9 36 9 76

M3 1 07 4 73 8 08 9 43 9 75

CD (0 05) NS 1 053 1 752 1 777 1 800



Tab le  33 In teraction  e ffect of scion and rootstock on length of sprout (cm)

Rootstock 30

Days a fte r grafting

60 90 120 150

R 1 0 34 0 26 4 13 3 85 7 29 5 59 9 37 8 55 9 95 9 06

R2 1 40 1 30 2 75 3 03 6 10 6 64 9 07 8 83 9 37 9 29

R3 2 73 1 55 4 58 2 11 6 98 3 84 7 32 4 35 7 65 4 52

R4 2 04 1 77 5 00 2 96 9 28 4 91 10 78 5 47 11 42 5 83

R5 2 42 1 99 6 04 7 58 11 54 10 31 12 67 10 90 13 42 11 33

R6 3 07 1 16 4 62 1 86 7 48 3 62 7 79 4 38 9 01 9 75

(0 05) 0 811 1 922 3 199 3 245 3 286

1 2 1 1 2 11



Table 34 In teract on effect of month of graft ng and rootstock on length of sprout (cm)

Days a fter grafting
Rootstock 3Q 60 90 120 150

M1 M2 M3 M1 M2 M3 M 1 M2 M3 M1 M2 M3 M 1 M2 M3

R 1 0 22 0 31 0 37

R2 1 51 1 53 1 0

R3 1 44 3 63 1 35

R4 0 94 2 81 1 97

R5 2 65 3 29 0 68

R6 2 67 2 01 2 42

CD (0 05) 0 993

4 10 4 42 3 45 4 69

2 67 3 74 2 26 6 7

1 91 4 70 3 43 4 66

2 38 6 09 3 47 6 06

5 49 3 92 11 02 7 90

3 4 4 44 2 60 4 34

NS

9 41 5 22 5 51 13 97

7 34 5 6 10 71 8 38

6 69 4 85 5 42 6 90

7 55 7 69 7 36 8 22

7 87 17 01 8 07 9 33

7 03 5 64 4 50 7 41

3 919 NS

7 41 6 27 14 74 7 50

7 77 11 14 8 77 8 08

5 19 5 52 7 04 5 68

B 81 8 30 8 32 9 26

17 95 8 97 9 94 1B 22

6 39 5 13 8 65 9 59

NS



of 18 22 cm at 150 days a fte r grafting At the same time Olour 

rootstock grafted during August recorded the least growth of scion 

(5 68 cm) in terms of length

6 6 In teraction  e ffect of scion and month of grafting

Observation on the combined effect of scion and month are 

tabulated in tab le  35 S ign ifican t d ifferences were noted only during 

the e a r lie r  part of the study However Neelum scion grafted in  

Ju ly  produced the maximum (11 11 cm) values during the en tire  

period of investigation  I t  can also be seen that longer sprouts 

were produced by Neelum scions ir re sp e c t iv e  of the month of g raft

ng

6 7 In teraction  e ffect of rootstock scion and month of grafting

S ign ifican t effects of rootstock scion month combination on 

length of sprout is  c le a r ly  evident from tab le  36 and F ig  19 to 24 

A close examination of the tab le  re vea ls  that Bangalora rootstock 

grafted w ith  Neelum or Banganapally in August recorded higher 

values of sprout length a fte r 60 days of grafting Bangalora root 

stock grafted m August w ith  Neelum and Banganapally recorded 

17 67 cm and 18 76 cm sprout length re sp e c t iv e ly  at 150 days 

a fte r grafting Among the polyem bryom c v a r ie t ie s  Muvandan grafted  

w ith  Neelum in Ju ly  a lso  produced s ig n ifican tly  h igher values 

(17 02 cm) Lower values were recorded by Olour (3 29 cm) and 

Chandrakaran (4 40 cm) grafted w ith Banganapally in August



T ab le  35 In te rac tio n  e ffe c t  of month of g ra fting  and scion on
length of sp rout (cm )

Days a fte r  g ra fting
Scion Month -----------------------------------------------

30 60 90 120 150

M 1 27 3 10 6 j 5 8 39 9 41

S M2 2 86 5 81 9 40 10 89 11 11

M3 1 24 4 59 8 77 10 25 10 56

M 1 44 3 52 5 25 6 44 6 67

S2 M2 1 77 3 33 6 14 7 82 8 41

M 0 91 4 87 7 39 8 60 8 93
•J

CD (0 05 ) 0 628 1 489 NS NS NS



Table 36 Interact on effect of rootstock scion and month of graft ng on length of sprout (cm)

Root
stock Scion

Days of grafting

30 60
M1 M,2 M3 M M,2

0 23 
0 21

0 37 
0 25

0 43 
0 31

4 20 
4 00

6 33 
2 50

M3

1 85 
5 05

M

90

M,2

4 91 
4 47

12 58 
6 24

120 150
M3 M M,2 M3 M M2

4 39 
6 05

5 04 
5 97

16 86 
11 09

6 22 
8 60

6 51 
6 04

17 02 
12 47

M3

6 33 
8 66

1 26 
1 77

1 52 
1 53

1 42 
0 61

2 87 
2 47

3 00
4 47

2 38 
2 14

7 97 
4 38

6 26 
8 41

4 09 14 28 
7 13 7 13

6 47 
10 28

6 46 
9 07

4 79 
7 48

6 68 
10 85

6 63 
9 53

1 43 
1 45

5 41 
1 85

1 33 
1 36

2 15 
1 67

6 51 
2 89

5 08 
2 77

5 57 
3 80

8 56 
4 83

6 81 
2 89

6 02 
4 82

8 60 
5 20

7 35 
3 03

6 09 
4 95

8 78 
5 31

8 07 
3 29

0 86 2 68 2 58 1 62 8 39 5 00 5 21 10 90 11 73 7 35 11 06 13 44 10 91 11 23 14 11
1 02 2 93 1 35 3 15 3 79 1 93 6 90 4 19 3 65 7 36 5 37 3 69 7 69 5 41 4 40

2 55 29 0 2 68 83 8 61 9 10 8 69 16 81 9 25 11 48 17 28 10 75 11 85 17 67
2 75 2 29 0 94 6 30 3 02 13 3 6 70 7 04 17 20 6 90 7 17 18 61 7 18 8 03 18 76

CD (0 05)

2 67 2 27 
1 75

1 405

28 
0 57

3 4 5 87 
3 05

3 329

5
0 66

3 10 16
3 90

5 542

7 95 
3 30

9 50 10 52
4 31

5 621

8 35 
4 45

5 13 12 29 
5 00

5 693

9 62 
9 56

1 1 11

S

2 S

s

s
s

s
s
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From the above resu lts  i t  may be in fe rred  that rootstock 

scion and month of grafting have influence on growth of the sprout 

Po lyem bryom c rootstocks produced le sse r sprout length With respect 

to scions graftings done w ith Neelum reg istered  h igher length 

of sprouts As to the e ffect of month both Ju ly  and August induced 

longer sprouts during the en tire  period of observation 

Po lyem bryom c rootstocks grafted w ith  Banganapally generally 

produced shorte r sprouts With regard to the combined effect 

Bangalora the monoembryomc rootstock grafted w ith  Neelum or 

Banganapally in August gave longer sprouts

7 Number of leaves

The e ffect of rootstock scion month and th e ir  interactions 

on production of leaves are  analysed m d e ta il in the following 

pages

7 1 E ffe c t of rootstock

Result of the an a lys is  on e ffect of rootstock are presented 

in tab le  37 Th is  parameter was found to be insign ifican t through 

out the period  of observation However the maximum (19 62) 

number of leaves  were produced by Pu liyan  rootstock and the 

minimum (13 92) by To lika ipan  at 150 days a fte r grafting

7 2 E ffe c t of scion

E ffe c t  of scion on the production of leaves  is  presented 

m tab le  38 Though not consistently s ign ifican t Neelum produced



Table  37 E ffect of rootstock on number o f leaves

Days a fte r grafting
Rootstock

30 60 90 120 150

R 1 0 7 74 11 23 14 17 14 99

R2 5 30 9 63 15 19 18 49 19 62

R3 4 68 6 65 11 56 13 15 13 99

R4 6 30 9 89 15 67 17 17 18 28

R5 6 36 11 09 15 45 19 10 18 97

R6 6 43 8 66 13 09 12 73 13 92

Homogeneous at 5% le v e l



more number of lea ves  throughout the period  of s tudy A t 150 

d ays  a fte r  g ra fting  th e  mean number of lea ves  produced by th is  

v a r ie t y  was 17 53 w h ile  Banganapa lly  produced 16 81 le a ves

7 3 E f fe c t  of month

The month of g ra fting  has no s ig n if ic a n t in fluence on the 

p roduction  of le a ve s  (T a b le  39) How ever g ra ftings done in Ju ly  

was co n s is ten tly  su p e rio r  o ve r  the o ther months of g rafting  w ith 

regard  to th is  param eter reco rd ing  18 39 lea ves  a t 150 days  a fte r  

g ra fting  The number of le a ve s  produced in June and August g ra ft 

mg a fte r  150 days  w ere 17 06 and 16 06 re s p e c t iv e ly

7 4 In te rac tio n  e ffe c t of sc ion  and rootstock

Rootstock scion corrrmnations had exp ressed  no s ig n ifican t 

—  uence on proaucr^on a~ eaves during tn e  e n t ire  period  of 

ob serva tio n  (T a b le  40) I t  can be seen from the tab le  th a t Chandra 

karan and P u liy a n  g ra fted  w ith  Neelum produced more number of

le a ve s  than Bangalora Neelum com bination at 150 d ays  a fte r  g rafting  

C handrakaran  Neelum P u liy a n  Neelum and Bangalora Neelum combinat 

ions produced 20 32 19 90 and 19 53 le a ve s  re s p e c t iv e ly

7 5 In te rac tio n  e ffe c t  of rootstock and month of g ra fting

T ab le  41 shows the  e ffe c t of rootstock and month on product

ion of le a ve s  No s ig n if ic a n t d iffe ren ces  a re  seen between treatm ent 

com binations stu d ied  w ith  re sp ec t to th is  param eter But Chandra 

karan rap .t^ tonk . g ra fted  in  Ju ly  produced maximum (22 01) number



T ab le  38 E ffe c t  of scion on number of leaves

Scion
Days after grafting

30 60 90 120 150

s i 4 63 9 01 14 16 16 43 17 53

S2 4 43 8 99 13 48 15 60 16 81

CD (0 05) 0 289 NS 0 470 NS 0 459

Table 39 Effect of month of grafting on number of leaves

Month
Days after grafting

30 60 90 120 150

M1 4 45 9 10 13 84 15 81 17 06

M2 5 78 9 40 14 84 17 32 18 39

M3 3 36 8 50 12 77 14 91 16 06

Homogeneous at 5% leve l



T ab le  40 In te rac tio n  e ffect of s ion and rootstock on number of leaves

Days a fte r  grafting
Rootstock

30 60 90 120 150

R 1 0 0 7 32 8 15 10 98 11 48 14 32 14 02 16 22 14 76

R2 4 44 6 16 8 36 10 91 15 06 15 34 18 81 18 17 19 90 19 33

R3 4 32 5 03 7 29 6 00 11 61 11 51 12 38 13 92 12 68 15 32

R4 6 00 6 60 11 64 8 14 17 45 13 88 18 50 15 83 20 32 16 23

R5 8 37 4 37 10 44 11 72 15 72 15 17 18 16 16 04 19 53 18 42

R6 5 84 7 37 8 79 8 32 13 68 12 21 12 04 13 75 13 35 14 78

Ho no gene us at 5% le v e l



Table 41 Interaction effect of month of grafting and rootstock on number of leaves

Ro Is lock
Days a fter grafting

30
M, M,

60 90 120 150
M, M, M. M,

R1 0 0 0 10 14 5 55 7 o1 10 115 12 25 10 61 12 24 15 76 14 50 13 14 16 58 15 25

R2 4 74 7 46 3 71 9 87 11 02 8 01 15 0 6 78 13 31 20 44 18 36 16 66 21 26 19 96 17 63

R3 3 63 7 08 3 32 6 00 7 52 6 2 12 0 12 43 10 05 14 45 14 22 10 79 15 37 15 15 11 48

R4 7 25 7 22 4 44 9 13 12 52 8 03 15 3 18 09 13 38 16 26 20 78 14 45 17 72 22 01 15 10

R , 6 61 7 13 5 34 10 35 10 37 12 56 15 14 14 67 16 53 15 66 17 50 18 14 17 82 18 26 20 8

n 4 50 8 00 5 89 10 87 9 77 6 11 6 12 60 14 55 11 94 13 78 12 07 14 03 14 71 13 09

Homog neou at 5yJ le v e l



o f le a ves  a t 150 d ays  a fte r  g ra fting  and the minimum (11 48) 

by O lour rootstock  g ra fted  in August

7 6 In te rac tio n  e ffec t of scion and month o f g ra fting

Data presented  in T a b le  42 on th is  aspect shows that th e re

is  no consisten t s ig n ifican t e ffe c t between treatm ent com binations 

stud ied  I t  can a lso  be seen th a t during the  e n tire  period  of obser 

vation  the maximum number of lea ves  was produced by Neelum 

scion g ra fted  in Ju ly  and minimum number of le a ve s  was produced 

by Banganapally  scion g ra fted  m August reco rd ing  18 83 and 15 24 

mean number of le a ves  re s p e c t iv e ly  a t 150 days  a fte r  g ra fting

7 7 In te rac tio n  e ffe c t of rootstock  scion and month of grafting

S ig n if ican t d iffe ren ces  w ere not obtained between the trea t 

ment com binations (T a b le  43) I t  was observed  tha t Chandrakaran

g rafted  w ith  Neelum m Ju ly  produced the maximum number of

lea ves  from 60 days a f te r  g ra fting  The treatm ent combination 

produced 24 45 leaves  a t 150 d ays  a fte r  g ra fting  Minimum number 

of lea ves  was recorded  by the treatm ent com bination O lour root 

stock  g ra fted  w ith  Neelum m August (9 63)

In  the  l ig h t  of the  above re su lts  i t  m ight be concluded 

th a t rootstock  scion month and th e ir  com binations have  no s ig n if i 

cant in fluence  on the  production of le a ve s  P u liy a n  and Chandrakaran 

roo tstocks co m p a ra tive ly  produced more number of le a ve s  S im ila r ly



T ab le  42 In teraction  e ffec t of month of g rafting  and scion on
number of lea ves

Scion Month
30

Days a fte r  grafting

60 90 120 150

CD (0 05)

M1 4 11 8 56 13 76 15 64 16 88

M2 5 89 9 85 15 68 17 90 18 83

M3 3 89 8 62 13 06 15 76 16 88

M1 4 79 3 53 ~3 30 o 38

V2 5 67 a  o_ 0 75 17

M3 2 83 8 39 12 49 14 06 15 24

NS NS 0 814 NS 0 796

1

2



Table 43 Interaction effect of rootsto k scion and month of grafting on number of leaves

R ot 
s ck

Days after grafting
Scion 30 60 90 120 150

M, M„ M, M M2 M3 M M,2 M3 M M,2 M3 M M,2
0
0

3 28 
6 20

2 33
4 92

7 33 
7 17

7 58
5 64

4 50

0
0

7 17 
7 75

9 67
4 50

5 33 
9 11

7 28
6 99

7 85
8 14

0
0

2 87
4 54

0 97
5 67

5 35
3 53

10 25 
0 43

5 18
6 60

9 09 
11 19

5 45 
5 06

9 15 
9 10

7 72 
12 97

10 87

7 42 10 12 12 45 10 38 10 47 
7 60 57 12 0 10 83 14 01

10 00 8 58
9 73 13 46

6 86 10 28
5 15 4 77

6 8  16 87
9 54 14 14

15 08 
9 95

9 86 
10 88

10 0 
9 50

4 75 
8 08

10 69
5 36

12 20 

12 19

19 
6 87

5 7 
7 42

16 06 
17 50

14 28 
0 58

21 58 
14 60

13 75 16 43 14 01 
11 36 1 85 15 33

1 16 13 03 
12 17

17 12 15 35 11 87 17 48 16 30 
14 40 13 65 14 41 15 67 14 19

12 25 23 25 16 75 16 42 23 97 18 40 17 33
4 37 17 62 19 97 16 91 18 56 21 52 17 92

8 34
11 75

16 58 
10 17

17 72
15 33

16 84
12 25

13 52 14 43
15 38 14 01

15 17 22 32
17 35 19 25

9 19 13 72 
12 38 17 02

14 68
15 61

18 02 
10 89

17 52 24 45 
17 92 19 57

15 78 
15 5

11 44

18 87 19 83 
16 12 16 45

13 56
14 00

10 63 
13 50

17 33
18 31

14 03

19 13 
17 39

14 68 
14 73

9 63
13 32

19 00 
11 20

22 2 

19 57

1 3
14 83

1 1
S
S

2 S

S

Homojeneou at 5% eve!



the scion Neelum and the month Ju ly  produced h igher number of 

leaves

8 Number o f p rim ary  branches

The resu lts  of the an a lys is  of data on the effect of root 

stock scion month and th e ir  in te ract ons on product on of p rim ary 

branches a re  presented in d e ta il m the follow ing pa phs

8 1 E ffe c t of rootstock

None of the rootstocks studied had any s ign ifican t e ffect 

on the production of p rim ary  branches (Tab le  44) However Pu liyan  

(3 94) andf Muvandan (3 90) rootstocks produced more number of 

p rim ary  branches than Bangalora from 120 days a fte r grafting

8 2 E ffe c t  of scion

No consistent trend can be observed on production of 

p rim ary  branches w ith  respect to the effect of scion (T ab le  45) 

Neelum and Banganapally produced 3 15 and 3 14 p rim ary  branches 

re sp e c t iv e ly  a t 150 days a fte r  grafting

8 3 E ffe c t of month of grafting

Though not consistently  s ign ifican t grafting done in Ju ly  

produced le sse r number of p rim ary branches from 60 days a fte r 

g rafting (T ab le  46) Grafting done in August produced

maximum number of p rim ary  branches



T a b le  44 E ffe c t  of rootstock  on number of p r im a ry  branches

Days a fte r  g ra fting
Rootstock

30 60 90 120 150

R 1 0 1 50 2 24 3 85 3 90

R2 0 75 1 71 2 78 3 59 3 94

R3 0 67 1 18 1 94 2 22 2 61

R4 0 74 1 55 2 40 2 92 3 16

R5 0 69 1 62 2 77 2 50 2 82

R6 0 77 1 30 1 68 2 22 2 42

Homogeneous at 5%  le v e l



Days a fte r  g ra fting
Scion -----------------------------------------------

30 60 90 120 150

51 0 57

52 0 56

CD (0 05) NS

T ab le  45 E f fe c t  of sc ion  on the number of p rim a ry  branches

1 48 2 34 2 88 3 15

1 55 2 31 2 15 3 14

0 084 NS 0 089 NS

T ab le  46 E f fe c t  of month of g ra fting  on the number of p rim ary  
b ranches

Days a fte r  g ra fting
Month ----------------------------------------------

30 60 90 120 150

M1 0 65 1 55 2 28 2 80 3 19

M2 0 53 1 39 2 21 2 65 3 04

M3 0 52 1 60 2 48 3 01 3 20

CD (0 05) 0 139 NS NS NS 0 101



8 4 In te ractio n  e ffec t of scion and rootstock

The data fu rn ished  in tab le  47 re ve a ls  tha t there  is  no 

s ig n ifican t e ffec t of rootstock scion combination on production of

p rim ary  branches But i t  can be seen tha t P u liy an  Neelum combznat 

ion produced maximum number (3 96) of p rim ary  branches 150 

d ays  a fte r  g rafting  c lo se ly  fo llow ed by P u liy an  Banganapally  combi 

nation (3 92) The lea s t number of p rim ary  branches was produced

by T o lika ip an  Neelum combination (2 17)

8 5 E ffe c t  of rootstock and month of g rafting

Rootstock and month combination had s ig n ifican t e ffect on 

production of p rim ary  branches only upto 90 days  a fte r grafting 

(T ab le  4 8 ) P u liy a n  rootstock grafted in June gave maximum mean

~u—as- o- p r n a ry  D~anc «  a ) and the w a  (2 o3) by u lour

rootstock g rafted  in August at 150 days a fte r  g rafting

8 6 E ffe c t  of scion and month of grafting

Tab le  49 re ve a ls  the effec of scion and month on production 

of p rim ary  branches during the period  of in vestigation  S ign ifican t 

d iffe ren ces  were noted among the treatm ent com binations a fte r 60

days  of g rafting  Maximum (3 29) p rim ary  branches were recorded

fo r Banganapally  scion grafted  in June at 150 days a fte r  grafting



Table 47 Interaction effect of scicn and rootstock on number of prim ary branches

Days after grafting
Rootstock 30 60 90 120 150

S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2

R 1 0 0 1 51 1 50 2 33 2 11 3 03 2 67 3 35 3 04

R2 0 65 0 84 1 65 1 78 2 52 3 04 3 52 3 65 3 96 3 92

R3 0 67 0 67 1 18 1 19 1 92 1 96 2 16 2 28 2 38 2 83

R4 0 75 0 74 1 72 1 38 2 85 1 96. 3 35 2 49 3 46 2 86

R5 0 79 0 59 1 35 1 89 2 07 2 48 2 35 2 65 2 59 3 04

R6 0 68 0 70 1 09 1 62 2 01 2 32 2 01 2 35 2 17 2 46

Homogeneous at 5% le ve l



Table 40 Interaction effect of month of g afting and rootstock on number of prim ary branches

Oays after grafting
R ot t ck 30

M,
60 90 120 150

M. M M„ M„ M„ M, M.

R 1 0 0 0 1 71 1 30 1 50 2 2 1 2 17 2 23 2 64 2 68 3 24 2 97 3 23 3 38

R2 0 79 0 66 0 79 1 79 1 62 1 74 2 78 2 61 2 94 3 99 3 08 3 69 4 57 3 28 3 97

R3 0 85 0 65 0 51 1 30 0 92 1 33 1 9) 1 62 2 31 2 35 1 91 2 40 2 95 2 35 2 53

R4 0 86 0 58 0 70 1 42 1 60 1 63 2 1 2 47 2 59 2 50 3 03 3 16 2 77 3 53 3 19

R5 0 76 0 78 0 53 1 56 53 1 79 2 2 ) 2 20 2 34 2 43 2 53 2 55 2 70 2 81 2 9

R6 0 81 0 67 0 68 1 63 1 49 1 68 2 0 1 2 01 2 25 2 61 2 67 2 73 3 01 3 06 2 99

(0 05) 0 312 0 088 0 319 NS NS



T ab le  A9 In te rac tio n  e ffe c t  of month of g rafting  and scion on
the  number of p rim a ry  b ranches

Days a fte r  g rafting
Scion Month ----------------------------------------------

30 60 90 120 150

M1 0 65 1 A3 2 17 2 75 3 09

S 1 M2 0 55 1 A5 2 3A 2 82 3 12

M3 0 52 1 56 2 51 3 09 3 2A

M 1 0 65 1 68 2 A0 2 85 3 29

S2 M2 0 52 1 33 2 09 3 4 2 96

M3 0 53 1 6A 2 A5 2 93 3 18

;d (o os) NS 0 1A5 0 202 0 183 0 15̂



Table 50 In teract on effect of ootstock sc on and month of graft ng on product on of pr mary branches (No s)

R ot 
stock

Days a fter grafting
Sc on 30 60 90 120 150

M1 M2 M3 M1 m2 M3 M M2 M3 M M2 M3 M 1 m 2 M3

R 1
S 0 0 0 1 77 48 1 26 2 39 2 4 2 20 2 6 3 6 3 33 2 78 3 82 3

S2 0 0 0 1 64 1 1 74 2 17 1 92 2 26 2 67 2 9 3 5 3 17 2 6 3 32

2 S 1 0 47 0 68 0 73 1 56 38 2 00 2 55 2 48 2 52 4 12 3 08 3 35 4 98 3 30 3 58

S2 10 0 63 0 79 2 0 1 85 47 3 02 2 73 3 37 3 85 3 08 03 4 15 3 26 35

R3 S 1 1 03 0 72 0 27 27 1 07 9 69 1 57 2 50 1 98 1 89 2 6 2 34 2 1 2 69

S2 0 67 0 58 0 75 33 0 77 47 2 1 1 67 2 11 2 72 1 92 2 9 3 55 2 58 2 36

R4
S

S2

1 00 
0 72

0 50 
0 67

0 74 
0 82

1 8
36

89 
1 3

1 78
8

2
2 18

3 7 
1 77

3 26 
1 93

2 78 
2 38

3 50 
2 57

3 79 
2 52

2 78 
2 75

3 81 
3 25

3 79 
2 59

R5 S 1
S2

0 75 
0 78

0 83 
0 72

0 78 
0 27

1 08 
2 03

1 44 
6

1 53
2 0

2 08 
2 50

2 06 
2 34

2 08 
2 59

2 25 
2 6

2 44 
2 61

2 37 
2 7

2 58 
2 81

2 58
3 05

2 62 
3 26

Rr, S 1 0 62 0 69 0 5 02 1 08 1 96 2 11 2 0 1 97 2 2 2 05 1 99 2 32 2 25

S? 0 62 0 73 1 41 1 85 2 22 2 43 2 28 2 47 2 30 2 51

CD (0 05) 0 441 NS 0 45 NS NS



F ifteen  d ays  a fte r grafting  wound periderm  was found broken 

and the ca llu s  had s ta rted  p ro life ra tin g  out in th is  stage in a l l  

the rootstock scion combination The ca llu s  p ro life ra ted  e ith e r

from the stock o r from the scion depending upon th e ir  c e llu la r

a c t iv i t y  The degree of ca llus  formation v a r ie d  considerab ly  

between v a r ie t ie s  a t th is  stage Wound periderm  was seen to s ta rt 

brokemng and ca llu s  form ation sta rted  p ro life ra tin g  in g ra fts  g ra fted  

w ith  Muvandan rootstocks whereas fo r a l l  o ther v a r ie t ie s  ca llus  

tissue  has f i l le d  the space between stock and scion p a r t ia l ly  or 

com pletely For the v a r ie t ie s  Bangalora Pu liyan  (P la te  I )  and 

Olour the ca llu s  formation was noticed at a h igh er ra te  than 

Chandrakaran and T o lik a ip an  Most of the ca llu s  was produced 

from the cambium xylem  and phloem of the stock and scion T issues 

of the g ra ft jo in t tha t was in contact w ere v e ry  im portant for

p roper g ra ft union Between vascu la r tissues and cambium there

was ca llu s  production and proper g ra ft union

T h ir ty  days  a fte r grafting when observed  a continuous 

cam bial b ridge  was formed across the stock and the scion Callus 

tissues developed into cam bial c e lls  w h ich  forms into a continuous 

cam bial b ridge  In a l l  the g ra ft unions cam bial b ridge was 

formed In  g ra ft unions where Bangalora and P u liy an  were used 

as rootstocks vascu la r elements w ere seen d iffe ren tia ted  by 45 

days



W ith  re sp ec t to th e  combined e ffe c t a lso  th e  data a re  not 

co n s is ten tly  s ig n ifica n t (T a b le  50) How ever P u liy a n  Neelum combi 

nation g ra fted  in June produced maximum number of p rim a ry  branches

(4 98) a t 150 d ays  a fte r  g ra fting  and the  minimum (1 99) by

T o lik a ip a n  Neelum com bination m June

On the  whole i t  could be concluded th a t production of

p rim a ry  b ranches is  not much influenced by rootstock  scion and 

month of g ra fting  H ow ever P u liy a n  rootstock w ith  Neelum scion

g ra fted  in June produced more number of p rim a ry  b ranches than 

the  o the r com binations stud ied

Q Anatom ical stud ies o f g ra ft u r io r

D eta iled  anatom ical stud ies w ere conducted fo r the d iffe ren t 

rootstock  scion com binations The re su lts  obtained a re  summarised 

below

F iv e  d ays  a fte r  g ra fting  when the g ra ft jo in t was 

examined the wounded exposed tissu es  w ere found to be brow nish

in co lour in d ica tin g  th e  form ation of wound p erid e rm  along the 

cut su rfaces  of stock  and scion w h ich  w ere  w id e  a p a rt the  g ra ft 

jo in t The t issu es  at the  cam bia l region had s ta rted  ra p id  m ulti 

p lic a tio n  in o rd e r to produce ca llu s

8 7 In te rac tio n  e ffe c t  of rootstock scion and month of g ra fting



S ix ty  d ays  a fte r  g ra fting  va s cu la r  elem ents h ave  d if fe re n t ­

ia ted  in  a l l  com binations In  Bangalora P u liy a n  T o lik a ip an  and 

Muvandan the  gap between stock  and scion h ave  been com pletely 

f i l le d  w ith  a lm ost no in te rspaces  Bu t in  o the r v a r ie t ie s  there  

was gap between stock  and scion ( P la t e s I I  to V I I )

A fte r  90 d ays  of g ra fting  com plete hea ling  of the  union

and form ation of s e v e ra l c y lin d e rs  of new tissu es  could be observed  

Banga lora and P u liy a n  was observed  to h ave  fa s te r  g ra ft take  due 

to more ra p id  form ation o f ca llu s  and va s cu la r  con tinu ity  Though 

Muvandan and T o lik a ip an  was la te  in c a llu s  in it ia t io n  by 90 days

com plete hea ling  of the union could be ob served  (P la te s  V I I I  to 

X I I I )

Tt was a lso  noted *ha+ in some g ra fts  a n e c ro t^  la y ® ”  

was form ed between stock  and scion In  some o th e r g ra fts  the 

exposed t issu es  w ere found to be brown but no c a llu s  in it ia t io n

I t  was a lso  seen th a t in  ce rta in  g ra ftings  c a llu s  in it ia t io n  and 

b rid ge  form ation had s ta rted  m ce rta in  regions of the  g ra ft jo in t

but m  o th e r a reas  no production of ca llu s  I t  m ight me due to 

im proper a llignm ent of stock  and scion



P la te  I  Anatomy of the g ra ft union using P u liy an  rootstock (x  63)
(15 days a fte r  g rafting )

P la te  I I  Anatomy of the g ra ft union using Bangalora rootstock (x 63)
(30 days a fte r g rafting )



Table 50 Interaction effect of rootstock scion and month of graft ng on production of primary branches {No s)

R ot 
stock Scion

Days after■ grafting
30 60 90 120 150

M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3 M, M2 M3

,l1 S 1 0 0 0 1 77 1 48 26 2 39 2 41 2 20 2 61 3 16 3 33 2 78 3 82 3

S2 0 0 0 1 64 1 11 1 74 2 17 1 92 2 26 2 67 2 19 3 15 3 17 2 64 3 32

It, S 1 0 7 0 68 0 73 1 56 1 38 2 00 2 55 2 48 2 52 4 2 3 08 3 35 4 98 3 30 3 58
2

S2 1 10 0 63 0 79 2 01 1 85 1 47 3 02 2 73 3 37 3 85 3 08 4 03 4 15 3 26 35

S 1 1 03 0 72 0 27 1 27 1 07 1 19 1 69 1 57 2 50 1 98 1 89 2 61 2 34 2 11 2 69
3

S2 0 67 0 58 0 75 1 33 0 77 1 47 2 1 1 67 2 11 2 72 1 92 2 19 3 55 2 58 2 36

S 1 00 0 50 0 74 1 48 1 89 1 78 2 11 3 17 3 26 2 78 3 50 3 79 2 78 3 81 3 79
4

S2 0 72 0 67 0 82 36 1 31 48 2 18 1 77 1 93 2 38 2 57 2 52 2 75 3 25 2 59

R5 S1 0 75 0 83 0 78 1 08 44 1 53 2 08 2 06 2 08 2 25 2 44 2 37 2 58 2 58 2 62

S2 0 78 0 72 0 27 2 03 1 61 2 04 2 50 2 34 2 59 2 61 2 61 2 7 2 81 3 05 3 26

R6 S1 0 62 0 69 0 54 1 02 1 41 1 08 1 96 2 11 2 04 1 97 2 12 2 05 1 99 2 32 2 25

S? 0 62 0 73 1 41 1 85 2 22 2 43 2 28 2 47 2 30 2 51

CD (0 05) 0 441 NS 0 451 NS NS



F ifte en  d a y s  a fte r  g ra fting  wound p eriderm  was found broken 

and the  c a llu s  had s ta rted  p ro life ra tin g  out in th is  stage m a l l

the  rootstock  sc ion  com bination The c a llu s  p ro life ra te d  e ith e r

from the  s tock  o r from the scion depending upon th e ir  c e llu la r

a c t iv i t y  The degree o f ca llu s  form ation v a r ie d  co n s id e rab ly

between v a r ie t ie s  a t  th is  stage Wound periderm  was seen to s ta rt  

brokening and c a llu s  form ation s ta rted  p ro life ra t in g  in g ra fts  g ra fted  

w ith  Muvandan roo tstocks w hereas fo r a l l  o th e r v a r ie t ie s  ca llu s

tis su e  has f i l l e d  the  space between stock  and scion p a r t ia l ly  or 

com p le te ly  Fo r the v a r ie t ie s  Bangalora P u liy a n  (P la te  I )  and 

O lour the c a llu s  form ation was noticed a t a h ig h e r ra te  than 

C handrakaran  and T o lik a ip an  Most of the c a llu s  was produced 

from the cambium xylem  and phloem of the stock and scion T issues 

of the g ra ft  jo in t  th a t was in contact w ere v e ry  im portant fo r

p rop er g ra ft  union Between vascu la r tissu es  and cambium there

was ca llu s  p roduction  and p rop er g ra ft union

T h ir t y  d ays  a fte r  g rafting  when ob served  a continuous 

cam bia l b rid g e  was formed across the  stock  and the  scion Callus

tissu es  d eve loped  into cam b ia l c e lls  w h ich  form s in to  a continuous 

cam bia l b rid g e  In a l l  the  g ra ft unions cam b ia l b rid g e  was 

formed In g ra ft  unions w here  Bangalora and P u liy a n  w ere used 

as ro o tsto cks  v a scu la r  elem ents w ere seen d iffe re n tia te d  by 45 

d ays



P l a t e  I



P la te  I I I  Anatomy of the g ra ft union using P u liy an  rootstock (x 63)
(60 d ays  a fte r  g ra fting )

P la te  IV  Anatomy of the g ra ft union using Muvandan rootstock (x  63)
(60 days  a fte r  g ra fting )



Plate III



P la te  V Anatomy of the g ra ft union using To lika ip an  rootstock (x 63)
(60 d ays  a fte r  g rating )

P la te  V I Anatomy of the g ra ft union using O lour rootstock (x  63)
(60 days  a fte r  g rafting )



Plate V



P la te  V I I  Anatomy of the g ra ft union using Chandrakaran rootstock (x  6
(60 days  a fte r g ra fting )

P la te  V I I I  Anatomy of the g ra ft union using Bangalora rootstock (x  63)
(90 days  a fte r  g rafting )



Plate VII



P la te  IX  Anatomy of the g ra ft union using P u liy a n  rootstock (x 63)
(90 d ays  a fte r  g ra fting )

P la te  X Anatomy of the g ra ft union using Muvandan rootstock (x 63)
(90 d ays  a fte r  g ra fting )





P la te  X I Anatomy of the g ra ft union using To lika ipan  rootstock (x 63)
(90 days a fte r grafting )

P la te  X I I  Anatomy of the g ra ft union using Olour rootstock (x 63)
(90 days a fte r g rafting )



Plate XI

P la te  XII



P la te  X I I I  Anatomy of the  g ra ft  union using Chandrakaran  rootstock (x 6 3 ) 
(90 days  a fte r  g ra fting )
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DISCUSSION

Different methods of vegetative propagation are in vogue 

in mango w ith  varying  degrees of success Among these grafting 

is  the most acceptable one in which the use of rootstocks equips

the d if f ic u lt  to root scion w ith a root system of another using 

various grafting methods I t  has been reported that in mango root 

stocks have strong influence on the growth and longevity of the

grafted tree  its  y ie ld  fru it  qua lity  time of ripening disease

and pest resistance (Openheimer 1958 Teaotia et̂  al_ 1967 

George and Nair 1969 Majumdar et al_ 1972 Swamy et al_ 1972 

Singh and Singh 1976 Reddy and Singh 1988 Reddy ^  al_ 1989 

and Thakur et e l 1989) Use of heterogenous rootstock is  a serious 

concern in the commercial propagation of mango as i t  resu lts high 

le v e l of v a r ia b il i t y  in growth performance of scion Many workers 

have suggested that seeds of polyem bryonic va r ie t ie s  due to th e ir 

uniform ity can be used as rootstocks w ith ad antage to minimize 

v a r ia b il i t y  (Gunaratnam 1946 Rangacharlu 1955 Openheimer 

1958 Baksh i 1963 and Swamy et̂  al_ 1972)

No such studies were seem to be done under Kerala condi 

tions Hence the p f'sent study was conducted m the Department

of Pomology and F lo r icu ltu re  College of H orticu lture Veilan ikkara 

T h rissu r The study examines the effect of rootstock scion month 

of grafting and th e ir  combinations on success s u rv iv a l and growth



parameters of softwood grafts of mango Anatomical studies were 

also ca rr ied  out to find out the various stages of g raft union and 

possib le  reasons for graft fa ilu re  The results of the experiments 

conducted are being discussed in d e ta il in the following pages

1 Germination percentage and extent of polyembryony

Experim ents conducted revealed that polyem bryonic va rie ties  

generally  had higher percentage of germination The va r ie ty  To lika i 

pan recorded maximum (60 66) percentage of germination and 

Bangalora, the monoembryonic va r ie ty  recorded minimum (5 67) 

percentage Studies conducted in Bangalora conditions by Singh 

and Reddy (1990) also gave s im ila r resu lts They observed that 

most of the polyem bryonic mango va r ie t ie s  gave h igher percentage 

of germination compared to monoembryonic va r ie tie s  l ik e  Alphonso 

and Dashehari The h igher percentage of germination for 

polyem bryonic va r ie t ie s  may be due to the presence of more than 

one embryos m th e ir  seed

The average number of seedlings per stone for polyem bryonic 

va r ie t ie s  ranged from 111 to 1 64 The percentage of 

polyembryony was maximum for Muvandan On the other hand 

Bangalora v a r ie ty  was not polyem bryonic as reported e a r lie r  The 

v a r ie ty  d id  not produce more than one seedling per stone Horn 

as e a r ly  as m 1943 w h ile  conducting s im ila r studies using 20 

va r ie t ie s  of mango obtained polyem bryonic percentage ranging from



zero to 51 41 G ira ffe  v a r ie ty  of mango recorded 51 41 per cent 

polyem bryony Singh and Reddy (1990) observed  th a t the  mean 

range of seed ling  form ation per stone was between 2 33 to 2 75 

fo r the mango v a r ie t ie s  they  studied

2 Sprouting and su rv iv a l of grafts

The experim ents conducted showed no s ig n ifican t d ifference 

among rootstocks on the sprouting and s u rv iv a l of g ra fts  However 

i t  could be seen that maximum percentage of success (88 89) was 

recorded  by Muvandan rootstock fo llow ed  by P u liy a n  (76 67) 

S u r v iv a l percentage was h ighest fo r Pu liyan  rootstock (51 10) and 

least (27 20) fo r T o lika ip an  S im ila r  stud ies w ere conducted by 

S n v a s ta v a  and Singh (1981) in U ttar Pradesh  They observed  that 

when D ashehan  scion was veneer grafted  on ten d iffe ren t rootstocks 

Kalapady stock gave maximum (90 per cent) success fo llowed by 

Nakkare (85 per cent) But fo r inarch ing  using D ashehan  scion 

i t s e lf  Nakkare and Langra rootstocks gave maximum (97 per cent) 

success However they observed  high s u rv iv a l percentage for 

Goa rootstock

The re su lts  on the e ffect of scion on sprouting of grafts 

showed s ig n ifican t d ifference  between the treatments but regarding 

s u rv iv a l percentage the treatm ents showed no s ig n ifican t d ifference  

However Neelum scion recorded  maximum success (72 96 per cent) 

and s u rv iv a l (21 60 per cent) The re su lts  obtained in th is  study



a lso  agrees w ith  the v a r ie ta l d ifferences  m success of grafting 

as reported  by Radhamony (1987) She observed  th a t the v a r ie ty  

P r iu r  recorded  better s u rv iv a l w h ile  the  s u rv iv a l ra te  of v a r ie ty  

Mulgao was poor In softwood grafting of mango Ku lw al and Tayde 

(1985) obtained 100 per cent success fo r the v a r ie t ie s  P a in  

Kesar Pundur and Panchadarakalasa under Konkan conditions But 

o ther v a r ie t ie s  l ik e  Neelum Local 1 Totapuri and Banganapally 

showed an u ltim ate s u rv iv a l of 72 to 85 per cent Reddy and 

M elanta (1989) a lso  obtained v a r ie ta l d iffe ren ces  in in s itu  softwood 

grafting  of mango Cent per cent success was obtained when 

D ashehan  scion was used fo llow ed  by Totapuri and Langra In 

e p ico ty l g rafting  also v a r ie ta l d iffe rences  of scion were noted by 

Dhakal 0-70 z r '*  a  =wa= QAr' =Kspti => d Sad1-

1984 Reddv and K oh li 1985 and M adalaoeri at al  ̂ 1989 Sc on 

v a r ie t ie s  d iffe red  w ith  regard  to success and s u rv iv a l m veneer 

g rafting  a lso  (Singh and S r iv a s ta v a  1979 Ba jp a i et  ̂ al^ 1985)

Though the d iffe ren t months of g rafting  d id  not d if fe r  sigm  

f ic a n t ly  sprouting was maximum when g ra fting  was done during June 

(82 78) and s u rv iv a l of g ra fts  was maximum when done during 

August (23 68) Nagawekar (1981) a lso  d id  not observe  any s ig m fi 

cant d iffe ren ce  in the sprouting of mango g ra ft p repared during 

the  months of June Ju ly  or August S im ila r ly  C h ak raba rti and 

Sadhu (1983) a lso  reported  that success is  more or less uniform 

when e p ic o ty l grafting was done in June Ju ly  and August Dhungana



(1984) suggested that stone crafting in mango can be done success 

fu lly  in Kerala from May to Augu t the best being August Gunjate

(1985) and Singh et al  ̂ (1989) also obtained higher success rate 

during June to August Severa l workers have stressed the need

to do softwood grafting during May to August (Pa te l and Amin 

1981 Singh and Sr ivastava  1982 Gaur 1984 Singh et̂  al̂  1984 

S r ivas tava  1985 and Srivastava  1989) High humidity and saturat­

ion and low fluctuation in temperature may probably the factors 

associated w ith better success during June In veneer grafting

Bhambota at al  ̂ (1971) obtained maximum success during August 

But Gunjate et̂  al  ̂ (1976) got success of 76 to 84 per cent for

mango veneer grafting during Ma ch to May Later on Singh et̂  

a l (1979) recorded 75 to 92 per cent success during rainy season 

l  e Ju ly  and August Singh and S r ivas tava  (1979) stated that

grafting can be best done d ring August under Lucknow conditions 

Ram and B is t  (1982) in Uttar Pradesh observed 100 per cent

success for veneer grafting in June Ju ly  and August The sign lfi 

cance of ra iny season was stressed by Singh et̂  a l (1983) Singh

et a l (1984) also suggested that June to August is  ideal time for 

veneer grafting Severa l workers have found temperature and

humidity are the mam lim iting factors for success in softwood 

grafting stone grafting and veneer grafting (Pate l and Amin 1976 

Kulwal and Tayde 1985 Reddy and Kohli 1985 and Srivastava  

1989)



Rootstock scion combmalion have s ign ifican t e ffect on sprout 

ing and s u rv iv a l of softwood grafts  of mango Among the various 

combinations tr ied  Muvandan Neelum combination recorded maximum 

percentage {92 22) of spr outi g followed by Muvandan Banganapally 

combination (85 56 per cent) Pu liyan  grafted w ith Banganapally 

or Neelum also  produced h igher percentage of sprouting With 

regard to s u rv iv a l of g rafts Pu liyan  Neelum combination recorded 

the h ighest percentage (66 66) c lose ly  followed by Pu liyan  Banga 

n apa lly  combination (65 00 per cent) The least percentage of 

s u rv iv a l was observed fo r To lika ipan  rootstock grafted with 

Banganapally and Neelum I t  is  worthnoting that Muvandan rootstocks 

grafted w ith  both the scion gave good resu lts  w ith  regard to 

in it ia l  success But th e ir  s u rv iv a l percentage was less Muvandan 

was a lso  observed  to be la te  sprouting and remain green even a fte r 

15 days of grafting On the contrary Pu liyan  rootstock grafted 

w ith  e ith e r  Neelum or Bang in ap a lly  produced higher percentage 

of success and s u rv iv a l Therefore on the basis of the present 

study i t  could be sa id  that Pu liyan  is  the best stock fo r Neelum 

and Banganapally scions E a r lie r  studies conducted by S r iv a s ta va  

and Singh (1981) to find  the response of d ifferen t rootstock scion 

combinations fo r grafting obtained ap p rec iab le  success percentage 

fo r the rootstock scion combinations M allika/Ka lapad y M a llika/  

Muvandan D ashehan/Kalapady and Langra/Muvandan in veneer g raft 

ing under Lucknow conditions But success was too low for 

Chausa/Nakkare combination [n Pak istan  Hussain et  ̂ al_ (1989)



obtained maximum grafting success w ith Malda for Langra scions 

(83 9 per cent) and w it! Anwar Rataul for Samar Bah ish t (55 5 

per cent) V arie ta l varia tion  might be due to the differences m 

the genetic make up The d e fe re n tia l response of v a r ie tie s  might 

have some re la tionsh ip  w ith the growing hab it as other genetic 

factors (M ukherjee and Majumdar 1964)

There is  no sign ificant effect of rootstock and month combi 

nations on sprouting and s u rv iv a l of grafts As for the effect of 

scion and month of grafting sign ificant d ifference was noted only 

for sprouting of grafts Banginapally scion grafted In June gave 

maximum (84 44) sprouting percentage Highest (48 80) s u rv iva l 

percentage was noted fo r Neelum scion grafted during August With 

respect to the combined effect of rootstock scion and month of 

grafting maximum sprouting percentage was obtained (96 67), when 

Muvandan and Chandrakaran rootstocks were grafted with Neelum 

scion during June Whereas highest s u rv iv a l percentage (76 67) 

was obtained fo r Pu liyan/Banganapally combination grafted in August

3 Growth parameters

Sign ificant influences are exerted by rootstock scion month 

and its  various combinations on growth parameters l ik e  g irth  of 

stock g irth  of scion and length of sprout At the same time, there 

is  no s ign ifican t influence by these factors on growth parameters 

l ik e  g irth  of new growth production of leaves and prim ary branches



Rootstock scion month of grafting and th e ir  combinations 

have s ig n ifican t influence on g irth  of stock Bangalora the mono 

em bryonic rootstock produced the th ick es t stocks throughout the 

period  under study Among tl e polyem bryon ic va r ie t ie s  Muvandan 

recorded maximum g irth  of stock S im ila r ly  among the scion 

v a r ie t ie s  tr ie d  Neelum scions produced h igher values of stock 

g irth  throughout the period  u id e r observation V a rie ta l d ifferences 

of scion was also observed  by Radhamony (1987) m  stone grafting 

of mango G irth  of stock wa also  found to be affected by the 

month of grafting re co rd n g  t e maximum values fo r graftings done 

in Ju ly

A cco rd ing ly  of the various rootstock scion combinations 

tr ied  m the study Bangalo a Neelum combination was found to 

be s ig n ifican tly  superio r over other combinations w ith regard to 

g irth  of stock S im ila r ly  Muvandan Neelum combination also 

recorded h igher values of st ck g irth  S im ila r studies conducted 

by Hussain et al  ̂ (1989) under Pak isthan  conditions observed that 

the greatest g irth  was nduced  by Samar Bah is t rootstock when 

grafted w ith  the same scion For Langra scion greatest g irth  was 

obtained (0 8 cm) when gr fted w ith Langra rootstock its e lf

G irth  of stock wa s i in ifican tly  d iffe ren t fo r the various 

rootstock month combinatior s Bangalora grafted in August recorded 

maximum stock g irth  c lo se ly  followed by Bangalora Ju ly  combination

3 1 G irth  of stock



S im ila r ly  scion month combinations also s ig n ifican tly  influenced 

the g irth  of stock Neelum scion grafted m Ju ly  had the maximum 

stock diam eter

Acco rd ing ly  as to the combined effect of rootstock scion

and month of grafting mean stock diam eter was maximum for 

Bangalora rootstock grafted  w itl Neelum scions m August The trea t­

ment combinations l ik e  Bangalor Neelum Ju ly  Bangalora Banganapally 

August and Muvandan Neelum Ju ly  also produced h igher values of 

stock diam eter

3 2 G irth  of scion

Rootstock scion mo th of grafting and th e ir  combinations 

have s ign ifican t influence n g irth  of scion Bangalora the mono 

em bryonic rootstock gave th maximum (1 65 cm) mean scion 

diam eter Among polyem bry in ic  v a r ie t ie s  i t  was maximum (1 61 cm)

fo r Muvandan and the least (1 48 cm) fo r Chandrakaran rootstocks 

at 150 days a fte r g raftin  j S im ila r ly  among the scion va r ie t ie s  

tr ie d  Neelum scions produced maximum g irth  of scion during a l l

the period  under observatio  A run (1978) also observed d iffe re n tia l 

response of va r ie t ie s  w ith regard to g irth  of scion in softwood 

grafting  of mango Radhamony (1987) a lso  obtained v a r ie ta l d if fe r  

ences of scion w ith  regard to scion g irth  in the studies conducted

in stone grafting  of mango a l V e Jlan ikkara  conditions



G irth  of scion was s ig n if ic a n t ly  d if fe re n t fo r  the  various 

rootstock scion com binations t r ie d  in the study Banga lo ra  Neelum 

com bination is  s ig n if ic a n t ly  su p e rio r o ve r o th e r rootstock  scion 

com binations record ing  1 82 cm a t 150 d ays  a f te r  g rafting  

Muvandan Neelum com bination a lso  recorded  h ig h e r va lu es  of mean 

sc ion  d iam eter w h ile  the  le a s t  (1 41 cm) was o b served  fo r T o lik a i 

pan Banganapa lly  com bination during a l l  the  period  under study

Rootstock month com bination have  s ig n if ic a n t in fluence on 

g irth  of scion Bangalora g rafted  during August re co rd ed  h igher 

va lu es  o ve r o the r treatm ent com binations But none of the scion 

month com binations t r ie d  in  th is  study had any s ig n if ic a n t in fluence 

on g irth  of scion However s ig n ifican t d iffe ren ces  w ere  noted when 

e s c-1" or ox roo s op and month ox g afting  v\oi c

obs^-v^d H ere a lso  as m +he case of g irth  of stock  Bangalor 

g ra fted  w ith  Neelum m August gave the  maximum (2 10 cm) mean 

g ir th  of scion a t  150 days  a fte r  g rafting

3 4 G ir th  of sprout

The p resent study re ve a ls  tha t rootstock  scion month 

of g ra fting  and th e ir  com binations have  no s ig n if ic a n t e ffe c t or 

g ir th  of sp rout But i t  could be observed  th a t po lyem bryon ic 

v a r ie t ie s  have  recorded  le s s e r  c ircum ference  of sp rout com parec 

to Bangalora the monoembryonic v a r ie ty  S im ila r ly  though not 

s ig n if ic a n t Neelum scion co n s is ten tly  produced h ig h e r  va lues  tha r



Banganapally  Radhamony (1987) in stone g rafting  of mango obtained 

s ig n if ican t d iffe rences between scion v a r ie t ie s  on g ir th  of new 

sprout

3 5 Length of sprout

Rootstock scion month of g rafting  and th e ir  combinations 

have  s ig n if ican t e ffec t on length of sp rout Po lyem b ryon ic  rootstocks 

produced le s se r sprout length compared to Bangalora the mono 

em bryon ic rootstocks W h ile  O lour rootstock  reco rded  the  le a s t 

Among the scion v a r ie t ie s  tr ie d  Neelum produced more length of 

sprout throughout the period  of study S im ila r ly  maximum length 

of sprout was recorded fo r grafting  done in Ju lv  c lo se ly  fo llow ed 

by grafting  done in  August

Leng u o* sprout => s ig n if ic a n t ly  x d-'- -d t j  ^  'x:<

scion combinations Bangalora Neelum combination produced the 

maximum sprout length at 150 days a fte r  grafting  D ifferences could 

a lso  be seen in the in te raction  e ffe c t of rootstock and month of g ra ft 

ing Bangalora grafted m August produced the maximum length of 

sp rou t w h ile  the least was recorded fo r  O lour August combination 

S im ila r ly  as to the e ffe c t of scion and month of grafting  i t  was 

noted th a t longer sprouts were produced by Neelum scions ir re sp e c t 

iv e  of th e  month of grafting

S ig n ifican t effect of rootstock scion and month combination 

was a lso  c le a r ly  ev dent n the study Banaa lo ra  rootstock grafted



w ith  Neelum or Banganapally  in August recorded  h ig h e r  va lues of 

sp rout length a fte r  60 d ays  of g ra fting  Among the  po lyem bryon ic  

v a r ie t ie s  Muvandan g rafted  w ith  Neelum in  Ju ly  a lso  produced s ign i 

f ic a n t ly  h ig h e r va lues O lour and Chandrakaran  roo tstocks grafted  

w ith  Banganapa lly  m  August recorded  the le a s t

3 6 Production  of leaves

V a r ie t ie s  of rootstocks scions months of g ra fting  and th e ir  

com binations do not have  any s ig n if ica n t in fluence on production 

of le a ves  in  softwood g ra fts  of mango However P u liy a n  and 

Chandrakaran  rootstocks produced co m p ara tive ly  more number of 

lea ves  S im ila r ly  among the scion v a r ie t ie s  Neelum produced 

more le a v e s  than Banganapa lly  Radhamony (1987) conducted s im ila r  

s tu d ies  in stone g ra fting  of mango and ob served  d if fe re n t ia l response 

of scion v a r ie t ie s  to production of le a ve s  Banganapa lly  scion 

produced more lea ves  than Malgoa P n u r  Mundappa Bangalora 

and A lphonso v a r ie t ie s

3 7 Production  of p rim ary  branches

V a r ie t ie s  of rootstock  scion month of g ra fting  and th e ir  

com binations have  no s ig n if ica n t e ffe c t on p roduction  of p rim ary  

b ranches H ow ever P u liy a n  rootstock produced the maximum number 

of p r im a ry  b ranches

S e v e ra l w o rkers  have  conducted s tu d ies  on s e v e ra l v a r ie t ie s  

of mango to fin d  the e ffe c t  of roo tstocks on g ra fts  a t nu rsery  stage



based on s e v e ra l methods They have  a lso  obtained  d if fe re n t ia l 

response of v a r ie t ie s  of rootstocks on growth param eters  Ja u h a n  

et a l  (1972) found D ash eh an  and Chousa as v igorous rootstock 

both in n u rse ry  and in rootstock t r ia ls  M ukkerjee  and Das (1976) 

c la s s if ie d  B e lk h a s  and P a n k h a s  as d w arf and A tibom bai as 

v igorous rootstock based on anatom ical ch a ra c te rs  A t nu rsery  

stage i t s e l f  based on stom atal county S n v a s ta v a  et  ̂ a l  (1980) 

c la s s if ie d  Bap p ak a i Goa Kurukkan Ta im uria  and Ka lap ad y  as 

d w a rf rootstocks w hereas D asheh an  and ST 9 w ere  c la s s if ie d  

as vigorous roo tstocks Singh et_ al_ (19B1) c la s s if ie d  Kurukkan 

C handrakaran  O lour Goa Ta im uria and Rumani as d w a rf rootstocks 

based on m orpho log ica l ch a ra c te rs  They a lso  c la s s if ie d  Chausa 

D ash eh an  ST 9 Sa k a rch in a  Langra and Muvandan as vigorous 

rootstocks P resen t s tu dy  a lso  re ve a led  the v igorous nature of 

Muvandan among p o lyem b ryon ic  v a r ie t ie s  P a l c t al_ (1981) c la s s i 

f ie d  Goa Bap p ak a i Chausa Vella ico lum ban as vigorous and 

T a im uria  Muvandan and Ka lap ad y  under d w arf category based on 

c h lo ro p h y ll fra c tio n s  and d ry  m atter content

S tu d ies  on the v a r ie ta l responses of scion w ere conducted 

by Amin (1978) and he observed  d if fe re n t ia l response of v a r ie t ie s  

to g irth  of scion in softwood g ra fting  of mango In stone grafting  

Radhamony (1987) conducting s im ila r  s tu d ies  a lso  ob served  d iffe ren t 

la l  response of v a r ie t ie s  w ith  regard  to growth param eters l ik e  

g ir th  of s to ck  scion new growth and production of le a ve s



Tem perature and H um idity a re  the  main lim it in g  facto rs

fo r successfu l g ra ft take  and growth G irth  of stock  and length 

o f sp rou t was maximum in  Ju ly  and August

A p ro p e r com bination of rootstock  and scion is  a must fo r 

successfu l g ra ft union In  th is  s tudyy rootstock scion combination 

is  found to have s ig n ifica n t in fluence on g ir th  of stock scion and 

length of sp rout Under Pa k is tan  conditions s im ila r  stu d ies  conducted 

by Hussain et_ al_ (1989) showed th a t Anwar Rataul roostock 

induced g rea test length (8 40) w ith  Sam ar B a h is t  scion W h ile  the 

g reastest g irth  was induced by the Sam ar B a h is t  rootstock grafted  

w ith  same scion They a lso  observed  th a t in Langra scion g reatest 

length (27 1 cm) g irth  (0 8 cm) w ere induced by the  Langra root 

stock The p hys  o log ica l fac to rs  th a t con tro l v igour a re  supposed 

to a ffe c t the  re c ip ro ca  in fluence of stock  and u S ngr

a l 1986) I t  is  b e lie ve d  th a t the  g ra ft union introduces 

a d d it io n a l re s is tan ce  in the trans lo catio n  of m a te ria ls  from the 

root to scion and of e labo ra ting  food m a te ria ls  from the scion to 

roots A lte ra tio n  in growth b eh av io u r may a lso  be induced due

to in te rfe ren ce  in the downward flow  of natu ra l harmones to the 

roots thus causing the observed  e ffe c t

4 Anatom ical stud ies of th e  g ra ft union

Anatom ical stu d ies  of th e  g ra ft  union of va rio u s  rootstock 

scion com binations re ve a led  four stage v iz  (1 ) ca llu s  in it ia t io n



stage (5-15 d a y s ) (2 ) ca llu s  tissu e  form ation stage and cam bial 

c e l l  developm ent stage (15 30 d ays ) (3 ) cam bia l b rid g e  form ation 

stage (30 60 d a y s ) and (4 ) a hea led  union stage (60 90 d ays) 

S e v e ra l w o rk e rs  l ik e  Ju lia n o  (1941) and W ilson and W ilson (1961) 

a lso  of the same opin ion tha t the f i r s t  step  in  th e  process of 

g ra ft  union is  the  form ation of c a llu s  cushion and c a llu s  p ro life r  

ation from th e  wounded su rface  Soule (1971) has d escrib ed  f iv e  

im portan t stages of bud union m mango They a re  stage 1 wound 

p eriderm  developm ent stage 2 ca llu s  p ro life ra t io n  and enlarge 

ment from the  cambium re su ltin g  m firm  attachm ent of both stock 

and scion stage 3 com pletion of cam bia l b rid g e  stage 4 d if fe r  

en tia tion  o f v a scu la r  t is su e  and healing  and stage 5 formation 

of s e v e ra l c y lin d e rs  of new tissues The secondary growth and 

cam b ia l a c t iv i t y  w ere ob served  by Esau (1979) in p rop er g ra ft 

union form ation The im portan t function of cambium was found to 

be the form ation of ca llu s  in the  wounded portion

The s tu d ies  conducted at the C o llege  of H o rticu ltu re  V e llam  

k k a ra  by Ratan (1985) showed four stages of g ra ft union fo r ep ico ty l 

g ra fting  in Mango cv  Neelum But C h a k ra b a rt i and Sadhu (1985) 

a re  of op in ion tha t on ly th ree  main stages of union a re  there  fo r 

s p l ic e  g ra ftin g  in mango l  e ca llu sm g  stage (10 to 30 d ays ) 

cam b ia l b rid g e  stage (30 to 60 d ays ) and healed  union stage (60 

to 120 d a y s ) S a v i th r i  (1990) w h ile  conducting s tu d ies  a t V e lln ik  

ka ra  con d itions  observed  four stages of g ra ft union fo r softwood 

g ra fting  o f mange



In  the  present s tu d ies  m a i l  th e  rootstock  scion combmat 

ions four stages o f g ra ft union w ere noted But in g ra ftings  w here 

Banga lora and P u liy a n  w ere  used as roo tstocks a l l  the  four stages 

occurred  a t  a fa s te r  ra te  In v a r ie t ie s  T o lik a ip an  and Muvandan 

though the  in it ia l  stages w ere s low  th e  union was healed  by 90 

d ays  a fte r  g ra fting  In C handrakaran  and O lour a l l  these stages 

occurred  in a s lo w e r ra te  A fte r  90 d ays  of g ra fting  a lso  in te r 

spaces occu rred  between stock  and scion S im ila r  re su lts  were 

obtained by Auramov and Jo k o v ic  (1961) They repo rted  th a t the 

degree of ca llu s  form ation v a r ie d  co n s id e rab ly  between v a r ie t ie s  

Accord ing  to them th is  is  in fluenced by  rootstock and w eather 

conditions th a t p re v a ile d  during p rev io u s  growing season 

C h a k ra b a rt i and Sadhu (1985) have a lso  observed  th a t g ra ft take 

was fa s te r  fo r Langra than fo r Bom bai and H im sagar due to more 

ra p id  form ation of ca llu s  and va s cu la r  con tinu ity

Anatom ical s tu d ies  a lso  showed th a t g ra ft fa ilu re  \ a s  m ainly 

due to fa ilu re  m  ca llu s  in it ia t io n  and form ation of n ecro tic  la y e r

between th e  stock and scion Lu th ra  and Sharm a (1946) have reported  

th a t d is to rte d  xylem  elem ents a re  re sp o n s ib le  fo r g ra ft fa ilu re

b lock ing  the conducting v e sse ls  and p reven ting  movement of w ater 

from stock to scion Auramov and Jo k o v ic  (1961) observed  ex cess ive  

u n d iffe ren tia ted  ca llu s  at unions of in com patib le  stock  and scion

S a v i t h n  (1990) has a lso  ob served  the  form ation of n ecro tic  la y e r

and e x ce s s iv e  un d iffe ren tia ted  c a llu s  between stock and scion of 

unsuccessfu l g ra fts
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SUMMARY

The re su lts  of the s tu d ies  on th e  e ffe c t  of p o lyem b ryom c 

rootstocks in the success s u r v iv a l  and subsequent growth o f soft 

wood g ra fts  of mango and the anatom ical changes in the  g ra ft  union 

a t the d iffe re n t stages of hea ling  p rocess a re  sum m arised hereunder

1 The germ ination percentage of a l l  th e  po lyem b ryom c v a r ie t ie s  

s tud ied  w ere co m p a ra tive ly  h ig h e r than Banga lora the  mono 

em bryonic v a r ie ty  (5 67 per cen t) Among the  po lyem bryom c

v a r ie t ie s  T o lik a ip an  reco rded  the  h igh est (60 66) percentage

of germ ination Mean number of seed lings produced per stone

was maximum for Muvandan (49 54 p e r cent) and the minimum

9 76 per cen t) ■co~ d-~ai<a_an

2 In d iv id u a lly  rootstock scion and month of g ra fting  had no 

s ig n ifican t e ffe c t on sprouting  and s u r v iv a l  of g ra fts  But root 

stock scion com bination showed s ig n if ic a n t e ffe c t Muvandan 

Neelum combination was su p e rio r to o the r treatm ent com binations 

w ith  re sp ec t to in i t ia l  success (92 22 per cent) w hereas 

P u liy a n  Neelum com bination reco rded  the h igh est (66 66) 

s u rv iv a l percentage How ever the  in te rac tio n  e ffe c t of rootstock 

month and scion month d id  not show any s ig n if ica n t in fluence 

on sprouting  and s u r v iv a l  of g ra fts  Rootstock scion and month 

com bination a lso  showed s ig n if ic a n t in fluence The maximum 

percentage of success (96 67) was obtained when Muvandan and



Chandrakaran rootstocks were g ra fted  w ith  Neelum during June 

S u rv iv a l percentage was maximum (76 67) fo r P u liy a n  Banganapally 

August combination

3 G irth  of stock a fte r  grafting was s ig n if ic a n t ly  influenced by

rootstock scion month of grafting and th e ir  va rious combinat 

ions Bangalora rootstock produced the th ic k e s t (1 89 cm) 

stocks Neelum as scions (1 72 cm) recorded  h igh er stock g irth  

than Banganapally  (1 61 cm) G rafting  in Ju ly  recorded  maximum 

(1 79 cm) stock g irth  The h ighest stock d iam eter was 

recorded by Bangalora Neelum (1 95 cm) Bangalora August (2 17 

cm) Neelum Ju ly  (1 89 cm) and Bangalora Neelum August (2 32 

cm) combinations

4 G irth  of scion a fte r grafting was found to be influenced by

rootstock scion and th e ir  combinations Bangalora is  observed 

to be sup erio r than a l l  the po lyem bryon ic  v a r ie t ie s  studied 

Least scion g irth  (1 48 cm) was recorded by Chandrakaran

rootstock Grafting w ith  Neelum scion gave the maximum scion 

g irth  (1 61 cm) during a l l  the period  under study Though 

Ju ly  month of grafting recorded g rea ter scion g irth  no s ig n ifi 

cant d iffe ren ces  were noted between the months tr ie d  Scion 

g irth  was maximum fo r the com binations Bangalora Neelum (1 82 

cm) Bangalora August (1 93 cm) Neelum Ju ly  (1 66 cm) and 

Bangalora Neelum August (2 10 cm)



5 N e ith e r rootstock sc -an month of or»fting  nor it s  various 

com binations tr ie d  m th is  study was found to in fluence g irth  

of new growth However po lyem bryom c v a r ie t ie s  have recorded 

le s se r c ircum ference of sprout compared to Bangalora the mono 

em bryon ic v a r ie ty

6 Length of sprout was g rea tly  influenced by rootstock scion 

month of g rafting  and its  various combinations Maximum sprout 

length (12 91 cm) was recorded by Bangalora rootstock and 

minimum (6 38 cm) by Olour Neelum scion was found to be 

sup erio r than Banganapally G rafting  done in Ju ly  recorded 

max m_jm arowth of scion (9 76 cm) Banaa_ora Neelum combinat 

ion produced maximum (13 42 cm) sprout length Po lyem bryom c 

rootstocks grafted  w ith  Banganapally genera lly  produced 

sh o rte r sprouts Bangalora grafted w ith  Neelum or Banganapally 

in August gave longer sprouts

7 Rootstock scion month and th e ir  combinations have no s ig m fi 

cant in fluence on production of leaves  Pu liyan  rootstock produced 

maximum (19 62) number of leaves Neelum scion and grafting  

done in  Ju ly  produced more number of leaves  Chandrakaran 

Neelum Chandrakaran Ju ly  and Neelum Ju ly  combinations recorded 

maximum number of leaves

8 Production  of p rim ary  branches was not influenced by rootstock 

scion and month of grafting  But i t  could be seen that Pu liyan  

rootstock produced more number of p rim ary  branches than



B a n o a ln ra  rootstock G rafting  done in August produced maximum 

(3 20) number of p rim a ry  b ranches P u liy a n  Neelum combination 

produced maximum number (3 96) of p rim a ry  b ranches Pu liyan

g ra fted  in June gave maximum mean number of p rim ary  branches 
(4 57)

9 Four d iffe re n t stages of g ra ft union v iz  (1 ) c a llu s  in it ia tio n

stage (5 15 d a y s ) (2 ) c a llu s  tissu e  form ation and cam bial c e ll  

developm ent stage (15 30 d ays ) (3 ) cam bial b rid g e  form ation 

(30 60 d a y s ) and (4 ) healed  union stage (60 90 d ays) were 

ob served  G ra ft take was found to occur at a fa s te r  ra te  in 

Banga lora and P u liy a n  v a r ie t ie s  In  Chandrakaran  and O lour 

g ra ft tak e  was a t s lo w e r ra te

10 G ra ft f a i lu re  occured m ain ly  due to Ta iiu re  in ca llu s  in it ia t io n

form ation of n ecro tic  la y e r  and im proper allignm ent of stock 

and scion
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ABSTRACT

In ves tig a tio n s  w ere  p a rr ied  out in the  Department of 

Pomology and F lo r ic u ltu re  College of H o rticu ltu re  V e lla n ik k a ra  

T h n s s u r  680 654 K e ra la  during the period  from A p r i l  1990 to

M arch 1991 f in d ^ th e  v a r ie ta l d iffe ren ces  of po ly

em bryon ic  roo tstocks w ith  resp ect to percentage of success 

s u r v iv a l  and growth param eters of softwood g ra fts  of mango A lso

anatom ical s tu d ies  of g ra ft union w ere done to find  out the d if fe r

ent stages of hea ling  p rocess and the p o ss ib le  reasons fo r g ra ft 

fa ilu re

F iv e  po lyem bryon ic  v a r ie t ie s  of mango (P u liy a n  Chandra 

karan O lour T o lik a ip an  and Muvandan) and one monoembryonic 

v a r ie ty  (Ban ga lo ra ) w ere se lected  as rootstocks Scions of two 

v a r ie t ie s  v iz  Neelum and Banganapally  w ere used fo r softwood 

grafting  One month o ld  ( o f  each jpf^Cthe abovtP) rootstocks were

g ra fted  m June Ju ly  and August

The re su lts  of the study showed th a t the germ ination 

percentage of a l l  po lyem b ryon ic  v a r ie t ie s  a re  co m p a ra tive ly  h igher 

than Bangalora the  monoembryonic v a r ie ty  T o lik a ip an  gave the 

maximum germ ination percentage I t  was ob served  tha t percentage 

of po lyem bryony ranged from 9 76 to 49 54 fo r the  po lyem bryon ic  

v a r ie t ie s  the low est fo r Chandrakaran and h ighest fo r Muvandan 

v a r ie ty



month of grafting on sprouting and s u rv iv a l of grafts revealed  

that Pu liy an  rootstock was most ideal w ith regard to sprouting 

and s u rv iv a l Success percentage was h igher fo r Muvandan Neelum 

and Muvandan Banganapally combinations followed by Pu liyan  Neelum 

and Pu liyan  Banganapally combinations However Pu liyan  rootstock 

grafted w ith  Neelum and Banganapally scions gave h igher s u rv iv a l 

percentage Poor success rate was noted fo r Chandrakaran Bangana 

p a lly  and Bangalora Neelum combinations S u rv iv a l of grafts was 

least fo r To lika ipan  rootstock grafted w ith  Neelum or Banganapally 

scions As to the combined effect Muvandan and Chandrakaran 

rootstocks grafted w ith Neelum during June resulted in better

in it ia l  success Whereas s u rv iv a l was h igher for Pu liyan  Bangana 

p a lly  August combination

With regard to growth parameters studied g irth  of stock 

g irth  of scion and length of sprout a re  much influenced by root 

stock scion month of grafting and th e ir  in teractions Bangalora 

the monoembryomc rootstock^ produced the th ick es t stock and 

scion throughout the period of study Among the polyem bryom c 

va r ie t ie s  Muvandan p rod iced  th ick e r stock and scion Olour and 

Chandrakaran rootstocks produced le sse r g irth  of stock and g irth

of scion re sp e c t iv e ly  Longer sprouts were also produced by

Bangalora Sprout lengtl wa minimum fo r Olour Among the 

scions Neelum was found I d I e superio r producing th ick e r stock

The observations on the e ffect of rootstock scion and



scion and longer sp ro jts  S im ila r ly  grafting in Ju ly  was found 

to be better w ith respoct to these growth parameters The mono 

embryonic rootstock Bar galora grafted w ith Neelum e ith er m

Ju ly  or August recorded higher g irth  of stock scion and sprout 

length Po lyem bryonic rootstocks grafted w ith Banganapally

generally  found to be les vigorous with respect to these 

parameters

Anatomical studios e aled four d ifferent stages of graft 

union 1 e ca llus in itia tion  stage callus tissue formation and

cam bial c e ll development 1 stage cambial bridge formation stage 

and a healed union stage C ra ft take was faster m Bangalora 

and Pu liyan  va r ie t ie s  wl ere as i t  was slower in Chandrakaran 

and Olour va r ie t ie s  G ratt fa ilu re  was mainly due to fa ilu re  in

callus in itia tio n  formation of necrotic la ye r and im proper a llign  

ment of stock and scion


