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INTRODUCTIO N

Jack fru it ,  known as the poor man's food is hardly regarded as a 

commercial fru it  crop although it is very popular in the eastern and southern 

parts o f India. It is the largest among the edible fru its  and is indigenous 

to  India. Tender ja ck fru i t  appears in the market in spring and continues 

until summer as a popular vegetable in Kera la. Since common vegetables 

are scarce and costly at tha t t im e  o f the year, ja ck fru i t  enjoys a reasonably 

good demand and fetches be tte r  price.

Vegetative propagation ensures genetic u n ifo rm ity  among the progeny 

and is preferred to  seed propagation for the m u lt ip l ica t ion  o f heterozygous 

genotypes having superior t ra i ts .  Neverthless, ja ck fru i t ,  an important fru it  

crop of Kerala, inspile o f being cross po ll ina ted is mostly propagated

through seeds. Vrgel al iv r  methods like marching, I hough successful e.

very cumbersome, expensive arid impract icnble in jack fru it  where t recs 

are very LaU and scattered. The an layers though rout success lulls su t le r  

heavy m o rta l i ty  in the f ie ld  and budding methods do not give consistent 

results.

In earlier days riot much work liuS been conducted on ep ico ty l g ra f t ing  

in jack but la ter th is  met had was studied in detail and standardised for 

jack far the Konkan region by Hmmekai (1*0111) and t'.unjale et al.

who obtained a success nf 91) in  VII per ecnl and 99 per cent respective ly .

Further, ep icoty l g ra f t ing  was standardised fni mango in the Deportment 

o f Pomology arid I Inricult lire, I nllcge of H o r t icu ltu re ,  Vellamkkaro 

I'Dhungario, 1904} Rflt an, 1909 and Padhamnny, 1907). I Inn; there existed 

the need l.o undertake studies to  standardise ep ico ty l and softwood g ra ft ing  

in jack. Hence the present invest iqnt ions were r t i m r d  out in the Depart ment 

of Pomology and F lo r icu ltu re ,  ( n l lrqe  of l lo r l  iru lt  ure, Vellnnikkorn during 

the period from June 190 7 in  Apr i l  1989 wit h the fo llow ing object i v p s .
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1. To standardise the season for ep icoty l and softwood gra ft ing .

2. To standardise the ago uf rootstock Tor ep icoty l and softwood gra ft ing .

3. To study the e ffec t o f  in te rm it te n t  mist on the percentage o f success

of g ra ft ing .
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2. REVIEW OF LITERATURE

Jack fru it ,  though an important fru i t  crop o f Kerala, has not been 

exp lo ited Ip roperly . Being cross poll inated and seed propagated theseedings 

show a l lo t  o f  varia tion  and most o f them  are o f  poor quality . This is 

mainly because o f  the lack o f an easy, inexpensive and rapid! method 

o f vegetative propagation. Vegetative propagation is mainly used for the 

maintenance of clones, for propagating seedless plants and to  avoid long 

juvenile phase o f  growth. In general, mass propagation by vegetative means 

is not more economical than comparable propagation by seedlings but 

its use is jus t i f ied  by the superiority  and u n ifo rm ity  o f specific clones. 

The major economy in vegetative propagation comes from the e l im ina tion  

o f the juvenile phase.

L ite ra tu re  perta in ing to  the vegetative propagation methods, especially 

g ra ft ing  and budding and the factors influencing th e ir  percentage of success 

in important fruit rrops are b r ie f ly  dealt w i t h  in th is chapter.

In ja ck lru i l  not much work lias been conducted in vegetative propagation 

The highest Iroot mg and survival p r i  cent age (H i per cent and 7b per cent

respectively) were obtained when invigorated e t io la ted  shoots ol lack

were trea ted  w ith  IMA at blj(jf) ppm (Mukhcrjee and ( ha lte r jee , 1970 a 

Stern cuttings of jack gave rent per cent foo t ing  when forced e t io la ted  

shoots were t re a te d  w i th  fit bllOO ppm by the guiek dip method

M h a tte r je e  and Mukherjee, 1902). Studies In Uhun et al. (19(3^) showed 

that ringing and e t io la t ing  lor 50 days combined w ith  I real ment w ith  

IBA at 3000 ppm + fe ru l lc  acid at 2000 ppm gave the highest rooting

IraD per cent) and plant survival (100 per cent).

Sen and B oseB l9b 9 ) found a significant increase in the percentage

of success and the riurnher rif rnnl s formed in air layers of jock, when 

IBA and MAA were used. IBA gave upl imum rrsull s w ith  a concent m l ion
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of 5000 ppm and N A A w ith  10,000 ppm. Singh (1961) reported that air 

layers came to  bearing at least 5 to  6 years earl ie r than seedlings. E tio la ted 

shoots when trea ted  w ith  1BA 5000 ppm and lanolin gave an overall average 

o f 75 per cent rooted shoots o f which 71 per cent survived a f te r  one 

year (Chattprjee and Mukhprjpp, 1980). The perren lage o f jack layers 
which routed successfu lly, the number ul rout s per layer, the length and 

weight of roots, and survival o f the layers in the fie ld were greater when 

stems v/ere pregirdled, e t io la ted  and trea ted  wil h IBA and NAA than 
when any ol t hese treat inenls was applied ind iv idually  (I ingarajappa, 

1982). Studies done by Nazeem _et_ ah (1984) showed that the best rooting 

(81.29 per cent) was obtained by air layering ringed one year old shoots 

of bearing plants using coconut p ith  as the rooting medium. Derai and 

Patil '1984) reported tha t t rea tm en t w ith  N A A  and IBA (2500 and 5000 ppm) 

arid covering w ith  black polythene resulted in the best rooting of jack fru it  

layers.

Patch budding m |ack gave 100 per cent success when done in the 

middle of Juru arid over 'Mj pr i cent success when done in May or lul\ 

(Teaotis et_ a l . , 1963). Dlmr and ( haturvedi II976) have also reported 

June to  be the op tim um  period for budding In jn rk f ru i t .  Works conducted
m

by ’ iingh arid Snv.islava I9IIJ) showed l l ia l  I budding war. I lie least suet css- 

ful method among patch, chip and I budding techniques. Patch budding 

in Jijr»f’ and Ji.ily g ive I hi• highest I ak e of '-MJ and H 1.6 per cent ret pet'l I\ c I \ . 

fhe most suitable period lot jodk lm il budding was from  May to  August. 

Biswas and Hossam ( I9U/|) t r ie d  live i l i l le re h t  methods ol budding oh 

one year nld snpdlings. Ping budding gave Mil p n  cent m m  cess when carr ied  

out in May but the sucres*, ru le  dfcrltried to  20 per r r n l  in June. The 

next best results were obtained w it h f lu te budding in May and June (60 

per rent arid 40 per cenl respectively).

About 04 per cent success was ohl ained in marching nf Jack oh its 

own seedlings (Sreenivasan, 1970). N n /eem  el al. (1904) also found appronch 

gra ft ing  in  he successful m |.m I .
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Kolekar (1979) found veneer g ra ft ing  to  be successful in jack fru it  
under Konkan conditions. The maximum success was 6(1 per cent obtained 
during mid A p r i l  and November. Rainy season appeared to  be unsuitable.

Kolekar (1979) opined that ep icoty l g ra ft ing  could be successfully 

used for vegetative propagation o f ja c k fru i t .  Under Konkan conditions 

he got a success o f 90 per cent in the month of A p r i l .  Gunjate et_ cd. 

(1980) from Dapoli reported success ranging from 50 to  90 per cent in 

jack fru it  during A p r i l  to mid June. Harmekar (1980) also got a maximum 

success of 99 per cent in the month o f June fo llowed by March and A pri l  

under Konkan conditions. Contra ry  to  mango, summer period was found 

to be the best t im e  for stone g ra ft ing  in jack.

2.1 L f fe c t  of season on the success ol g ra ft ing

2.1.1 Stone r j ra f i  mg

' /o n e  g ra ft ing  also known as epicol yl gra il ing nr bench g ra ft ing  

is a recently developed technique winch has many advantages over the 

existing methods ol vegetative propagation, (he g ra f t ing  is done on the 

epicotyl region ol the  tender seedlings. The precured te rm ina l m atu re  

shoots having dark green colour w ith  plumpy and dormant apical buds 

Ifrorn selected mol her trees are used as scion slicks. The rootstock is 

beheaded and a v u i t ic a l slit is given in the centre ul the e p ic o l> I. I he

lower pdft inrl < < I u  ion is prepai ed In  hum  , i wedge . ii ul I his wedge :.l u g ie* I

seinn is if isi 11 ed in I hi v e i lu u j  slit ul epieul y| .uni then I igltl I \ wrapped 

with pnlythpne tape.

Mfijumder and Rathore * I ' / / 1)) repotted lhal stone g ra ft ing  in mango

war. morl? Suit ahli foi l i fe  hiunul region. I Indei llafill i i umlit IiHis when

gra ft ing  was done in mango during July to  August a success ul Mil to  

85 per cent was obtained (IJpadhyny and Gupta, 19/9). In Bihar the highest 

8 u rre s9  o f 6 l ] j t r )  90 pel* Cent was reported during I he months o f July to  

October (Mane la I , l9/'.g, Singh ei a|. (1979) s la ted I hat higher atmospheric 

humidity i aused hy hicjh ra in fa l l  and high tem pera ture  were verv congenial
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for the the union o f stock and scion in stone and wedge g ra ft ing  o f mango. 

When epicoty l g ra ft ing  was done in i  mango during June-July w ith  3 to  

4 months old defo lia ted scion shoots preferably o f  single flush the percentage 

of success varied from 50 to  96 per cent (M a it i and Biswas, 1980). Dhakal 

(1979) and Dengale (1980) recommended the period from June to  September 

to be the best t im e  for ep icoty l g ra ft ing  in mango under Konkan conditions. 

Subsequent studies by Gunjate et  ̂ ah (1982) also showed tha t the period 

from June to  September was the best period for stone g ra ft ing  of mango 

in Konkan region. Success ranging from 62.2 to  64.7 per cent was obtained 

during June to  September which was reduced in October (55.6 per cent) 

and November (35.5 per cent). Under the same conditions the sprouting 

and survival of g ra fts  were found to  be s ign if icantly  higher in the month 

of June and during early part o f July (Kotecha, 1982). G ra ft ing  success 

was more or less un iform  in June, July and August when ep icoty l g ra ft ing  

was done on mango (Chakrabarth i and Sadhu, I983). In th is study results 

were uniform in June, July and August because ul s im ila r  warm and humid 

c limate during the 5 months and because of un ifo rm  a r t i f ic ia l /m ic ro c l im a te  

maintained inside the polythene chamber at l he in i t ia l  stages ol g ra ft  

take of all trea tm ents . Gunjate (1985) had found that the percentage 

of survival of stone g ra fts  made in June arid July was the highest. A study 

by Uhurigann el al. 1985) icvea led the ta i l  that I lie percentage ol success 

was the highest 69. JJ per re n t)  when s tone-gra ft ing  in mango was dune 

during August and was the lowest in M ay( l ’ f).6 per cent) in Kera la. Snvastava 

(198 5) recorded a success upl o 95 per cent during the last week o f June 

when the mean tem pera ture  and humidity were 53.5°( and 88 per cent 

respectively.

Harmekar (1980) t r ie d  apical y| g ra f t in g  w ith  success for the lus t 

t im e in cashew under Konkan cnridil inns. I he highest pert ent age o f  sue i css 

was achieved during the rnnnt h n f June fo llowed hy Mai eh and A p r i l  and 

the rainy season appeared to  he iirfctnt able. Nagabhushnnam 11982) reported 

I hat in the ini! ml llr ia l a maximum success of d) per cent was ohl lined



in July in cashew epicoty l g ra ft ing . But a m odif ica t ion  in the technique 

of g ra ft ing  gave success upto 6f) per cent from June to  November. The 

m odif ica tion  adopted was to  protect the scion from  desiccation by capping 

the scion w ith  a narrow polythene bag and securing it at the base w ith  

a rubber band. Nagabhushanam and Mohan (1982) obtained a success of 

30 per cent for stone g ra ft ing  in cashew when done in July followed by 

the month o f  August at the cashew seed fa rm , Shantigodu, Karnataka. 

They also observed that the success gradually declined from 15 per cent 

in September to  5 per cent in November. They concluded that high hum id ity  

and heavy p rec ip ita t ion  which occurred during June, July and August 

months had a benefic ia l e f fec t on the success o f ep icoty l g ra ft ing  in 

cashew. F eb rua ry  to May is the optimum period for ep icoty l g ra ft ing  

in cashew under Konkan conditions and there was no success during monsoon 

months ^Sawke, 1983). G ra ft ing  success v/as highest between June and 

August 60 to  68 per cent) and declined lo  45 to  47 per cent in November. 

Sawke '1984j reported that the period from  February to  May was congenial 

for g ra ft ing  of cashew in which success from 60 to  74 per cent was obtained. 

Konkar and Das (1985) reported a success of bb to  80 per cent during 

Apri l  to July and 73 to  IfJO per cent during October to  February. Works 

conducted by many v/orkers showed that ep icoty l g ra f t ing  could be success­

fu lly used for propagating jack fru it  (Ko lekar, 1979; Gunjato et ah 1980 

and Harrnekar, 1980).

2.1.2 Sof twood g ra f t in g

Am in 0978a) from Anand Gujarat recommended in situ softwood 

gra ft ing  in mango to  he mu ressfu l during March In  Sejitember. Keeenl ly 

softwood g ra ft ing  is gaining pnpdlnril y w i th  a gnnd success in Gujarat 

and Konkan region, Maharashtra (Am in 1978 a, b, Nagawade et al.. I97r>). 

Maximum success (84 per cent) was obtained, when softwood g ra ft ing  

in mango v/as done in July (Singh and Srivastava, 1980). In lot pi works 

conducted hy Patel arid Am in  (1981) il was found that g ra f t ing  between 

the th ird  week of May and th ird  week o f August in mango resulted in 

95 to  1 lit) per cent lake , fake  between I ehmary and May ranged from
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85 to  97 per cent but a f te r  th ird  week in September it decreased conside­

rably. Singh and Srivastava (1982) had conducted g ra ft ing  studies in mango 

at Lucknow and had found out tha t maximum success (90 per cent) was 

obtained in August compared to 67 per cent in July and 70 per cent in 

late September.

success of softwood g ra ft ing  in mango when done in mid June 

was 100 per cent, however in mid July, it was only 76.6 per cent (Singh 

et ah, 19841. Softwood g ra ft ing  in mango when done during the last week 

of June when the mean tem perature  was 33.5°C and hum id ity  88 per

cent the success had gone upto 95 per cent (Srivastava, 1985). Singh et_ 

al. I'1V86) had conducted studies on softwood g ra ft ing  in mango and IU0 

per cent success was obtained in mid June.

Sawke et_ aJ. 1986) observed that the highest mean success o f  s o f t ­

wood gra ft ing  m Cashew v/as in August (83.66 per cent) followed bv April 

(83.00 per cent) and the lowest (22.33 per cent) in December. Softwood 

graft ing t r ied  on nursery seedlings o f  cashew at A.R.S. U lla l had given 

good success during I lie month of March, A p r i l  and May (Kumar and Khan, 

1988). By 2L iiL 'ii softwood g ra ft ing  on cashew sprouts o f  10-15 years old 

trees a success of 80 per cent was reported and A p r i l  was found to  be 

the best month for g ra ft ing  ( 1988).

2.1.3 Veneer ora ft ing

Spr ing  season was found in  (jive bet I n  results than autumn lor 

veneer g ra f t ing  in mango (Ahmad, 1964). I ufl h r f  il was observed I hot

the best dates for spring and nut uiftn g ra f t ing  were 15th March and 1 M h

August respective ly. In mango, Miikherjpe and Majumder (1964) observed 

that March to  luly wan the most congenial period for veneer graft ing 
under l lJe lh i conditions recording a success of 76 to  9(, pjfJ ren t.  1 hr

maximum growth nf scion was obtained in g ra fts  prepared during March

to A p i i l .  They observed Rhat success in veneel g ra f t ing  depended upon 

t h e  active Browing phase of I he mot her trees. Sukla (1^64) hud got 81),

40 arid 311 per cent success in m sil u veneer g ra f t ing  in m ango  on 1 1/2



year old rootstocks under Gujarat conditions during August, September 

and March respepctively, whereas more than 70 per cent success was 

reported from June to September under Vengurla conditions (Limaye and 

Phadnis, 1968). A success o f 88 per cent and 87 per cent was reported 

in veneer g ra ft ing  o f mango during the f irs t week o f August 1968 and 

1969 respectively (Bhambota et a i f , 1971).

Prasad ^  ah (1973) conducted studies in mango on the comparative 

success of veneer g ra ft ing  and patch budding and it was concluded that 

veneer g ra ft ing  was s ign if ican t ly  superior to  patch budding w ith  respect 

to  percentage of success and vigour of sprouts. It was also found that 

July v/as the best period for veneer grating in mango. Gunjate et_ cd. 

(1976) under Konkan conditions observed tha t (lie success in veneer g ra t l in g  

of mango v/as quite low upto I ’ebruary but th e re a f te r  the success was 

high ranging from 76 to  fib per ceril during March to  first fo rtn igh t of 

May. Gun jute and I imaye (197M) round that success in veneer g lu t t in g  

of mango v/as quite high ranging from  68.^3 lo  91.00 per cent during 

15th March to  1st June. Singh et ah (1979) reported that the percentage 

of success of veneer g ra f t ing  was maximum (7'» to  92 per cent) in t in 1 

rainy season 1 inly and August ). I lie m in im um  success was recorded in 

November to  December (16 to  20 per cunt). Rain and hist ( l L,82) observed 

that under Tarai conditions of Punjab, the months ol June, July and August 

were the best periods fo r veneer g ra ft ing  during which 100 per cent take 

could be expected. I hey also observed that the low percentage ul su­

ccess in January corresponded w ith  the period ol low len ipera tu re  and 

that in May arid June t nmjjaferl to  ol hei months corresponded w ith  the 
period nf high hum id ity .

r)ingh et aj. (1984) reported that June was the host season for veneer 

g ra f t ing  m rnariqti w ith  a suer css of 96.0 per cent. Veneer graft mg in 

uirst fortnight of July wit h ' muni hs old scions resulted m higher percentage 

n f success and took minimum period Ifm the sprout fflig o f g ra fts . I he second 

fortnight of lune was found equally good for grafting w ith  one month 

nr six month old scions. Veneer g ra f t ing  was also successful In the first
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fo rtn ight o f August w ith  3 month old scions (Singh et_ ah, 1985). Be tte r 

percentage of success (85 per cent) in veneer g ra ft ing  was recorded during 

September while in summer months i.e. A p r i l  to  May very poor success 

ranging from 0 to  5 per cent was recorded. Rainy months o f August and 

September appeared to be favourable for veneer g ra ft ing  (Ismail and Rao, 

1985).

Ko lekar (1979) found veneer g ra ft ing  to  be successful in ja ck fru i t  

under Konkan conditions. The maximum percentage of success was 60 

obtained during mid A p r i l  and November. Rainy season appeared to  be 

unsuitable.

Phadms et_ ah (1974) reporLed tha t maximum percentage o f success 

in veneer g ra ft ing  o f cashew was during June to  July. The percentage 

of success was maximum in July (6IJ |)i*r clmiI) lo llowed b\ June t5 3.5 

per cent) while in August and September, the lowest success o f 13.3 and 

6.70 per cent respect ively was obtained. Nambiar (1976) had found out 

that maximum success o f veneer g ra f t ing  (85 per cent) was obtained in 

the month of July. Al CPCRI, Kasaragod also l lie most congenial t im e  

for veneer graft ing was found in  be July in  O rl uber (Anon, 1976'. Dhanciar 

(1978) could gel 36 per cent success in veneer g ra d in g  of cashew, from  

November in  M u  eh. Work runduefed al Mannulhy, I i i r l u u ,  Kera la  he w e d  

that the maximum success in veneer g ra f t ing  id cashew was during the 

monsoon season N n m h ia i , 1978).

Valsalakurniin h  oh M979) also n lpo rted  the highest percentage

of success during the moriaonn period Ini d ifferent met hmls id vegetative

propagation nf cashew v i / . ,  side g ra f t ing , veneer g ta f t in g  and patch budding

tr ied  at Cashew Research St at inn, Madokknl hara. Rao and Nughabhushnnam

f 1979) also found mnnsnnn period nr. the most suitable I imp for \eneer

grafting under Karnataka contlit.Inrls. The ra in fa l l  and re la t ive  humidity
%

wcpp founrl to  bp hirjhly corre la ted  w ith  percent rJJjfi ol success of veneer 

qraift ing* Hnrmnkfjr (I9HD) reported I hot veneer qffn f l in t)  wns found to 

be audlcearilul in enshew ifhder Kookon eondit iorvs wil h u fnuxijnujiu success
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o f  40 per cent in the month o f September. Rao and Rao (1983) opined 

that June to  September v/as the lbes t t im e  for veneer g ra ft ing  in cashew 

under the east coast conditions.

Mukherjee and Singh (1963) reported that A p r i l ,  May and June were 

suitable for veneer g ra ft ing  in guava. Bhandary and Mukherjee (1970)

obtained a maximum success o f 83 per cent in July, when compared to 

March (20 per cent), A p r i l  (60 per cent) and August (30 per cent). Rao 

and Kaul (1977; observed July to be the best month for veneer g ra ft ing  

in guava.

2.1.4 Inarching

February to  July v/as found to  be the optimum t im e  for inarching 

in mango under South Indian and Punjab conditions (Naik, 1941 and Mukherjee, 

1933). Singh ' I960) reported that l fie success ol inarching depended to

a great extent on weather conditions preva iling during the operation. 

Singh et  ̂ cd. 1979) reported that the highest percentage of success for 

inarching v/as during the morisuon period (July to  August) fo llowed b\ 

spring (March to  A p r i l) .

Rao and Rao M937) conducted studies on inarching in cashew and 

found that the highest take (10CI per cent) was obtained in November 

followed by March fH (l per cent). I hey found l hal the period between

January and June was congenial fur satis factory g ra i l  union in cashew,

under iK e ra la  conditions. I he period Inly to  October was I h r  best for 

undertaking Inarching (Anon, 1962).

Ahamed (1966) reported that 80 per rent success was obtained 

by inarching in guava during I v/n autumn seasons and 60 and 84 per cent 
success in tw o  spring seasons.

2.1.3 Side graft mg

Sahara and Mntro (1979) found that side g ra ft ing  in cashew can 

be dorm successfully In but h the seasons v i / .  during spring (I ehrunry to



Apri l)  and during monsoon (July to  October). The percentage o f success 

obtained in the above two seasons were 46.50 and 44.75 respectively. 

They also found tha t success o f side g ra ft ing  in cashew was maximum 

during spring season (53 to  58 per cent) in March and during the monsoon 

season in July and August. Kanwar and Bajwa (1974) reported that g ra ft ing  

in mango during March to  A p r i l  and June to  October gave the best results. 

Kanwar and Jawanda (1983) had top worked in fe r io r  mango trees by modified 

side graft ing and suggested heading back o f scaffo ld  limbs in February 

to  March. Under Lucknow conditions August was found to be the best 

season (76 to  80 per cent success) followed by 76 per cent in July (Singh 

et^aL, 1983).

2.1.6 ^ ' ^ 0 6

Berwick (1940) had opined that budding in mango could be done 

in wet weather conditions. June to  August was found to  be the most success­

ful period for budding operation (Lynch, 1941). Ahmad and Ahmad (I960) 

got best results on lOlh May in the spring and 30lh September in the 

autumn. July budding was found to  be I he best w ith  1U0 per cent success 

by Singh arid Srivastava (1962). Uui March was found to  be the best season 

for budding m mango by feao t in  and Mauryo (197(1) under U t ta r  Pradesh 

condit ions.

Rajput and I laribabu (19/1) found that chip budding in mango could 

be done from June March excepting the periods ol heavy rainfall. I ater 
Prasad et_ al. (19/3) obtained oil per erinl mu eess in I be montb of May. 

Singh et̂  al. (1983) found that foi budding in manga August wns the best 

month. Patch budding jack in l hi' middle ol luno gave I III) per cent success 

(Teaotia e* ah, 1963).

Nnik (1949) had I repo r l  ed I hat patch budding was s u re e s s lu l  in cashew. 

Studies (conducted by Phadrus el_ nL (1974) in Mnhnrashtrn revealed I bat 

patch budding was superior In  veneer g ra f l in g  on one year old s to rk  plants 
during S up tem be i  I n November. Patch budding in cashew when done in



July recorded 71 per cenl success in Tamilriadu (Palaniswo.mi and Hameed, 

1976).

an day et_ ah (1979) reportedMthat patch budding was successful 

in guava when done in May (90 per cenl), A p r i l  (89 per cenl), June (80

per cent) and July (70 per cent) and the percent age o f success was ihe

least in August (99 per cent). Patch budding on one year old rootstock

gave maximum success in May (70 .12 per cent) and June (68.79 per cent)

which declined to 33.75 per cent in September.

2.2 E ffec t of age of rootstocks and scion

2.2.1 Epicoty l gra il mg

Age of rootstock and scion and the precuring o f scion before g ra d in g  

are reported to  increase the percentage of success in d if fe rent methods 

of gra fting. Germ m til .tired te rm ina l shoots must be used for stone g ra d in g  

in mango (fjhan el al., 196*0. ClunjaLi el al. 11977) reported maximum success

of 84 per cent w ith  mature and de fo lia ted  scions ol 5 in  4 months old

arid w ith  immature stock (4 to  7 days old) in stone g ra ft ing  ol mango under

Konkan conditions. Accord ing to  Dhakal (1979) si inn shoots ol more than

two months age and stocks of less than two weeks age wen more suitable 

for stone g ra ft ing  in mango. Me could obtain a snores:; id oil per ernt 

on one week old seedlings and 41) per cent on tw o  week old seedling:. 

Dengole (1980) found I hat one week old Medling'i wen* the host for stone 

graft ing in mango and he obi lined a sun i v, ol 71.5 pei cent. Mail i and 

Biswas (1980) reported from Kr isltnanogai I hat ep icoty l gralt mg on mango 

could be best done wil h J-4 m o n t h - o l d  si ion m it ep|al and obtained a sui a i ;u 

of 90-60 pei c e n l .  4imgh and 5i I vast nvn ( I9 H 1 )  t r ie d  stone gralt ing using

seedlings o l  t w o  t o  I eri days o l  age and nhl a ided  Ihe highest pi i lent ige

of success (89 per cent) w ith  five d a y - o l d  m o t - . l o c k  folloivi i f lhy  loot day 

d id  loot s to rk  (III) pei ■ rn l  ). ( Im p a le  et ,il. H'NI7) Inund  that seed l ings  less 

Ilian I wu week o ld  w i t h  coppery n i l  colour w e n  must taut able as rootstock, 

(he. highest percentage of success was got w ith  one wei I old root si nek 

(60 per cent.) followed hy two week (1 > ft per cent), four week (4 1 pi i t i n t
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and six week (45 per cent) old rootstocks. Success in stone g ra ft ing  decreased 

w ith  increase in the age o f stocks. The scion shoots must be more than 

2 months old. Gunjate (1985) conducted studies in the Konkan region and 

found out that rootstocks upto two weeks of age could be used for stone 

gra ft ing  in mango. Dhungana et  ̂ al. (1985) had standardised ep icoty l g ra ft ing  

in mango and found out that four month old scion m ateria l proved superior 

w ith  the highest percentage of survival (61.33 per cent). Highest survival 

(58.0 per cent) was observed w ith  5 day old stocks. The survival rate decre­

ased to 50.00 and 32.00 per cent respectively when the age of stock increased 

from 5 to  10 and 15ldays.

In it ia l sprouting in stone gra fts  was more in the case of 6 day old 

stock and 7 day de fo lia t ion  period and height of plant and number ol leaves

v/as highest in 4 day old slocks. The final success and the g ir th  o f stock

and scion were more in four day old stock w ith  a de fo lia t ion  period ol 

5 days ^Mat11 and P a ti l ,  1985). The highest success of 80 per cent was 

obtained w ith  7 day old seedlings in side g ra f l i r ig  and 60 per cent in tongue 

-grafting. A r, t hr* age ol the stock seedlings advanced the g ra d in g  success 

was reduced (Singh H  ah, 1985). C hakrabart hi and Sjdhu (1984) reported 

that regardlev. of age o f the scion 5 rlay-old root lit nek gave mure success, 

which decreased w ith  an increase in age. S im ila r ly , w i th  an increase in

age of the scion, success tended to  decrease in all the age groups of root - 

stocks. One month old scions g ra fted  to  5 day old roots! ooks gave t lie 
best result.

Fjhandary et aj. (1974) found that ep icoty l g ra f t ing  could lie successfully 

done on Icashew seedlings of 21 days age. I lanneka r (1980) reported that

four to eight wpek old seedliogs were suit able for si one g ra d in g  in cashew. 

Nagnhhuahanam (1982) sugges ted  the use ol ID 15 day- old root si nek for 

stone [g ra f t in g  in cashew. He also suggested that the te rm inM  shouts of 

previous seasons growth rou ld  he used for stone g ra ft ing  in cashew. Snwke



(1983) reported that cashew seedlings of about 10 days o f age are the 

best for ep icoty l g ra ft ing . Shylaja (1984) had reported that there was appa­

rently  no d ifference in the percentage success of stone gra fts  prepared 

from 10 day old and 5 day old stocks. The e ffec t  of the age of the rootstock 

on success o f ep icoty l g ra ft ing  revealed that 3 to  7 day-o ld seedlings were 

the best for th is purpose and epicoty l g ra ft ing  was found to give be tte r  

success than so ftw ood lg ra ft ing  (Konkar and Das, 1983).

Amin (1978 b) obtained 100 per cent success by _in situ softwood 

grafting technique on 1 1/2 year or more aged mango seedlings. The method 

was tr ied  on 1 1/2 yea r-o ld  seedlings of many o i l ie r  fruit crops also. Singh 

et_ ah (1904; had reported a mean success of 70 per cenl b\ softwood g ra f t ing  

in mango using 4 to  9 m o n th -o ld  scion shoots and one year old seedling 

rootstock.

iKonkar and Das (1903) had conducted vege la tive  propagation studies 

on cashew in Orissa and found out that 19 to  oil d a y -o ld  seedlings could 

be used as rootstock for softwood g ra ft ing .

2.2.3 Veneer gru f> mg

In mango Ahmad (1964) nhiUilftod good results when veneer g ra ft ing  

was done on nine monlh old 'lee I lings. M ukhn  |ee and Mu juinder (1964) 

reported that the success of veneer grafting in mango was ratify 4 to  12 

per cent w ith  1 1/2 lo  2 1/2 nrflbnt I is old scion shoals. When scmns of three 

months lo f  age were used Ihe si H r  ess was l he maximum (08 per cent). 

rJcion sticks older than three months whrn used did not produce any good 

results. When mature scion wood was used t here was an increase in the 

percentage o f lake as compared wil h Immature scion wood. Age of rootstock 

did not r i f le d  per cenl success of g ra f t ing  (Jagirdar and l ih i i t t  i, I960).



Limaye and Phadnis (1968) showed that veneer g ra ft ing  should be done

in mango seedlings o f  12-14 months age. Age of the scion must be more

than three months and age o f rootstock o f 1-2 years for be tte r success

in veneer g ra ft ing  o f Imango (Rajput and Haribabu, 1971). Prasad et_ ei]_.

(1973) got 92 to  95 per cent success and be tte r  growth on two year old

mango stocks against 80 per cent on one year old stock. Studies conducted 

by Uradya (1976) in Dapoli showed thfil 1 h r  percentage of success o f veneer 

grafting in mango v/as very high in all age groups o f scions I ned. Works 

conducted at the Centra l Mango Research Station, Mahariagar, Lucknow 

by Singh and Srivastava (1979) showed Lhat the influence o f age of the 

stock on the success in veneer g ra ft ing  was very clear and consistent. 

Better success v/as recorded w ith  12 and 24 m onth-o ld  slocks, while lesser 

success v/as recorded w ith  6 m o n th -o ld  stocks fo llowed by 18 month old 

stocks. "Shis might be due to  the fact that the g ra f t ing  operation in 12

and 24 month old stocks was done in the month o f  August arid w ith  6 and

18 month old stock was done in the month o f I ebruary. The age ot the

scions sticks had a s ign if icant e ffect on the success in veneer g rad ing . 

Six month old scion sticks gave better success as compared to  scion sticks 

o f three months and one year in age. Singh et_ al. (1985^ had reported that

veneer g ra ft ing  in the first fortnight nf July w ith  three months old scions

resulted in higher pel rent age o f success.

Jiridal (1948) reported that veneer g ra ft ing  in jack had u success 

of 20 per cent w ith  one to two week old de fo lia ted  scions and 111 per cent 

w ith three to  four rnnnt h old defo lia ted  scions. Phadnis et al. (1974) reported 

that the highest pert enrage Of success (6d per cent) war. arhieved b\ veneer 

grafting of five month old seedlings n f rashew than on one year old seedlings. 

Studies conducted at th e C ’ en lra l P lan tation Crops Research Ins titu te  showed 

that 12-10 monl h old seedlings were the best for veneer g ra d in g  in cashew. 

M axim um  success o f 96 per rent was Obtained by veneer g ra f t ing  of cashew 

on six month old stocks than w ith  P> to  211 month-o ld stocks (Nagahhushnnam 

and Ran, 197 7 ) . II was also reported out that six month old rootstock wus

superior to  e ight, f ive, four and three month old rootstocks (Anon, 1902).
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2.2.4 In a rch in g

Rootstock studies conducted in Phillip ines by Burns and Prayag (1921) 

showed I th a t  inarching was successful even when three week old seedlings 

v/ere used. Naik (1941) reported that the stock can be used for inarching 

even when they are 41/2 months old. He further observed that there was 

no difference between the percentage of successful gra fts  when g ra ft ing  

was done on rootstocks o f d if fe ren t age, but one year old mango seedlings 

were found to  be the best (Naik, 194B). Success in inarching of mango 

w ith 2 to  3 week old seedlings was reported by Singh and Singh ( I9 6 6 \

2.2.5 Budding

Singh and Khan (I945) gui maximum success in budding on fhree 

year old rootstocks of mango. Report by Jagirdar and A ll (1965) showed 

that bud take was more in nine months than tw o  year old stocks.

Phadrns et_ ah 1 1974) used seedlings o f 12 to  IB m on th -o ld  and the \ 

observed that when the age of rootstock increased the percentage o f success 

also increased. Rootstocks of th ree , six and nine months gave good results 

when patch budded (Parente and M ncie l, 1973). I erruz (19741 reported 

99.7 per cent success w ith  eight month old rootstock and 69 per cent w ith  

six month old rootstocks.

2.3 f f fect of p r io r  defoliat n)n of at ion shoots

Gunjate and I imiiye 11977) observed equal sun ess in alone g ra ft ing  

in mangn w ith  and without prior de fo lia t ion  of at inn shoot 9. In stone g ra ft ing  

of mango defo lia tion  o f anon shoots did not produce any benefic ia l effect 

(Dhakfil, 1979). Maitli and Biswas (19B0) frnm Krishna Natjar reported that 

scion shoots defo lia ted  / days ahead o f  g ra f t ing  operation, while s t i l l  attached 

to the mother plant gave higher perrent ago of successful g ra fts  than un-



I S

defoliated scions. ‘Jinqh and Orivastava (1981) re||t>rt6d I hat defoliul ion 

10 days pr io r to  gra ft ing  gave the highest success and least success was 

w ith  de fo lia tion 5 days pr io r to  g ra ft ing . Gunjate et_ al> (1982) observed 

that there was no appreciable d iffe rence in the success obtained w ith  

precured and nonprecured scion shoots. The higher success w ith  undefoliated 

scion may be due to  active mango buds throughout the year because of 

continuous v/arm and humid climaLe in Konkan region (Gunjate et_ a l . , 

1976). The number of days required for sprout ing decreased s ign if ican t ly  

with the increase in scion defo lia tion period. M in imum days (14.39) were 

required in the trea tm en t of de fo lia tion 15 days prio r to  g ra ft ing  and m ax i­

mum days (17.701 in de fo lia tion 5 days p r io r  to  g ra ft ing  (Pal il et_ ah. 1985). 

The swelling of buds v/ere observed in early de fo lia ted  scion which might 

have a ffected the early sprouting. According to  Dhungana (1984) 4 month 

old scions defo lia ted 10 days prior to  graft ing gave maximum percentage 

of success. Pat 11 and Pa id  (1985) conducted studies at Marat hwada A g r i­

cultura l Un ivers ity  on ep icoty l and wedge g ra ft ing  in mango and found 

out. that the in it ia l and final success was highest w i th  scion defo lia ted 

15 days prior to g ra ft ing .

Bharidary et_ al. (1974) found that in wedge g ra ft ing  ol cashew, scions 

w ith  and without de fo lia t ion  produced almost the same e f fe c t .  With th in  

scions the percentage of success was 62 per cent hot h w ith  and without 

defoliat ion. Q lagabhushanam U9IJ2) reported that lot stone g ra ft ing  in cashew, 

the scion shoot selected for grdfl mg should hi' de fo lia ted  about a week 

before g ra ft ing . Ohylaja (1984) conducted studies on ep icoty l g ra f t ing  in 

cashew in HCAlJ, Vellanikkarn and observed that scion shoots defo lia ted 

10 days before g ra ft ing  gave a maximum success of 82.60 per cent in 

August.

Am in |(1970 a) reported that the success in est ahhshmenl o f softwood 

grafts v/as less i f  the graft was prepared using a leafless branch retained 

on the trape Hrir less I linn E) to  m) days or more on the mother tree  and



sti l l  not sprouLud ori the tree itse lf.  1UU per Iceut success was obtained 

in tn situ softwood gra ft ing  in mango by wedge method and the scion de fo l i­

ated 10 days prio r to  the g ra ft ing  operation. Studies on softwood gra ft ing  

conducted by Venkata Reddy (198w) at UAS Hebbal, Bangalore showed 

that scions preconditioned before 10 days o f g ra ft ing  gave maximum success 

followed by scions preconditioned before 5 days and without procuring.

Mukherjee and Majumder (1964) had recommended the use of pr io r 

defoliated scion shoots for veneer g ra ft ing . However i f  the buds of scion 

shoots we re na tura lly  swollen the defo lia tion  was not necessary. When 

undefoliated scions were used only 10 per cent success v/as obtained. Rajput 

and Haribabu (1971) opined that for obtaining maximum success in veneer 

graft ing of mango precuring o f scion shoots was necessary. Gunjate s t  

al. 0976) reported tha t p r io r de fo lia t ion  ol scion shoot was not necessary 

for veneer g ra ft ing  o f mango under Konkan conditions. The average per 

cent of success was 48.16 pci cent w ith  undcfo iia led scions and 45. lb 

per cent v/it h defo lia ted scions. Singh and Sri vast avo (1979) reported thal 

a defo liation period of II) days resulted in m o re  success in bol h three 

and s ix month old scion stick whereas the same percentage ol success 

was recorded when the de fo lia t ion  jjeriod was 15 days in only one year 

old shoot r.. Ram and Ite.t (19M2) repotted lli. it I hi* j ie icen lage ol success 

was higher when predefolia l ed 'irions were used when compared to  that 

o f iresh ly  de fo lia ted  scions. I hi a was probably because p re -dc foha ted  scions 

suffered less from desiccation than I hose of f re ih ly  de fo lia ted  scions which 

retain the ir  leaf stalk for tfdrne I one a f le r  g lu t t in g  and col ends of the 

leaf stalk accelerate the desireat ion process. Jindfil (19(,ft) found that 

veneer g ra ft ing  in ja rk fro it  gave 10-21) jier rent success when defo lia ted 

scion was used arid w ith  rin success when undefohnl ed scion was used.

feaotia  and Maorya (1970) found that Ihe percentage of bud sproUt8 

in mango increased when two weeks prior d e f o l i a t i o n  t o  graftincj was given.



2.4 E f fec t  of graf t ing and budding techniques

There was not much substantial d ifferences between the whip and

c le ft method for ep icoty l g ra ft ing  in mango. A success o f 75 to  85 per 

cent was got in both these methods (Bhan et_ £h , 1969). Majumder and

Rathore (1970) t r ie d  bench g ra ft ing  in mango under Delhi conditions and 

the percentage of success was found to be 50, 46.6 and 33.3 per cent for 

splice, veneer and wedge gra ft ing  r e s p e c t i v e ly .  Work conducted by Amin 

(1976) under Anand conditions showed that bench g ra ft ing  using w h ip ,  

tongue, wedge and splice methods were e q u a l ly  good at the in it ia l stages 

but the highest final success v/as for w h ip  fo l l o w e d  by Longue, wedge  and 

splice methods. Singh and Srivastava (1981) found t h a t  c l e f t  m e th o d  g a \ e  

better result in e p ic o t y l  g ra ft ing  o f mango th a n  side, whip and longue 

methods. Gunjate et al. (1902) reported thal there was noi m u c h  d iffe rence 

in the success in sloiie g ra ft ing  when splice, wedge and m odified wedge 

methods were used bul for convenience wedge method was preferred.

Mat lie v/ and Joseph I'dl2> reported I hat splice and e le ll method 

o f gra ft ing  gave s im ila r results in ep icoty l g ra f t ing  ol nutmeg.

Asc&n&o and M ilbe lro  (1973) t r ie d  c le f t  and splice met hod fo r m in i ­

g ra ft ing  in cashew and found that both methods gave 1IIL) per cent success. 

Nagabhushanorn and Mohan (1902) alcn reported thal there was no d if fe rence  

in percentage of ep icoty l grad ing hy cleft and splice method in cashew.

Gaur (1904) reported that among I he methods evaluated like inarching,

veneer g ra f t in g ,  stone g ra ft ing  and soil wood g ra ft ing , softwood g ra ft ing  

gave the highest percentage of success {'/'> to  80 pel cent) in mango. Reddy 

(1987) reported that among l tie d ifferent melhnds o f g ra f t ing  m mango 

soft wood, wedge, veneer and splire graft Ing, softwood g rn ft ing  recorded 
I tie maximum rate oB graft take followed by wedge, veneer find splice 

graft ing.

Singh and Srivastava (1982) reported that he i ie i  success Was obtained 

in mango when g ra fted  hy soil wood g ra ft ing  us I hno l»> veneer gra ft ing .
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Singh et_ aL (1983) reported the highest success in inarching (90 per cent) 

followed by veneer g ra ft ing  (88 to  92 per cent) and lowest under budding 

(64 per c e n t ) ^ P P v ^  ^  '

Singh et  ̂ ah (1982) reported that patch budding was s ign if ican t ly  

superior to chip and T budding in jack. T budding was least successful.

V/ork conducted by Gov/da and Melania ( l 988) showed that in g ra ft ing

methods, significant differences were observed and whip g ra ft ing  recorded 

the highest success rate followed by wedge and veneer g ra ft ing  in cashew.

2.5 Other factors a f fec t ing  success in g ra ft ing

Mukherjee and Chatte r jee  ( 197H,btsuggest ed the use o f juvenile shoots 

for better success id vegetative propagat ion in jack. Reyes V19 7 7 1 reported 

that maximum success of graft lake  ol 95 per cent was obtained when 

mango grafts were covered wii h wel p lastic  bugs and placed in the shade. 

Singh arid Srivastava (1979) reported that lor veneer g rad in g  in mango 

while  and green polythene tapes covering resulted in h e l le r  : ucress. Success 

was minimum in plants t ied  wit ft gunny tw ine  alone. Singh and Srivastava 

(1982; a ho  obtained benefic ia l e ffect when budslicks of mongo were covered 

w ith  polythene f i lm  compared to  without polythene f i lm . The success ol 

epicotyl graft mg under gloss house, green house ur under pa rt ia l shade

of the tree was studied and it was iDund that the percentage of success

was the highest in glass house and least m green house (J iu turka i and 

Narwadkar, 1985).

Nagabhushnnam (1902) gut a success of 30 pei cent for stone graft ing 

in ca3mew by whip and cleft method. I If' could increase I lie success to  

60 per cerat by capping the scion w ith  a narrow iiu ly lhene bog and securing 

at the base w ith  n rubber hand. The idea was to  prevent desieent ion b\ 
providing high humidil y.



Cloudy and Cool days were reported to  be the best for graft inq 
work. Hot and bright sun causes dehydration and k il ls  the grabs subsequently. 

Light rain helps in earl ie r graft union formation by moderating the day 

temperature and increasing the hum id ity , but ra in fa ll during the actual 

gra ft ing Iprocess slowed down the process and prevented proper graft union 

formation due to  a th in  water f i lm  form ation between stock and scion 

(Muniswami, 1979 a). On an average 9fJ per cent suecess could be achieved 

by carrying out veneer g ra ft ing  on 4-5 month old polypot seedlings under

controlled mist conditions (Muniswami, 1979 b). A study by Reddy and

Kohli (1985) showed that in mango ep icoty l g ra ft ing  was possible only

when the grafts  were kept inside the mist chamber/glass house/lhatched 

house where tem perature  and hum id ity  were higher Ilian in the open condition.

2.6 Anatom ical studies of graft union

Juliano (1941) studied the callus development in gra ft union ul c le f t  

grafts and found out that the firsl step was the form ation of callus in 

the gap through the a c t iv i ty  ol the parenchyma of both bark and p ith . 

In that region a cambial bridge was formed joining t he cambial ends ot 

both stock and scion. Ih e  in i t ia t io n  til callus tissue began from the stock

but the to ta l con tr ibu tion  of callus hy stock and scion was almost equal.

Lot hr a arid jharma 11964) showed lha l excessive grow th ol parenchymatous 

tissues (raflus) between stock and scion and distort ion o f  xylem elements 

blockedUhe conducting vessels and i n h ib i t e d  i hi movement of w a te r tro in 

stock to  sdion. fhe  import ant faelnrs determ in ing I he graft I nke was net

the nature of the union but the giinel leally del ei m in e d  in te rac tion  between 

9tock and scion (Robert, 1949).

Histochemical tests in union of peai guinre g ra i ls  revealed thal

the I ign i t  Kent ion nf dells were mainly i ecpdftslhle for llhe fo rm ation  of 

akstrong graft union (fkichlnh, I960).

WiI son and Wilson W 9 6 l )  opined thal when young stems were wounded 

or g ra fted  the cambium was mtorrupl ed and now vascular camhiu tend

to  regenerate ir• i he eallus pro fifo r i i l  inil from  the wounded surfaces, fhe



position in which such cambia arise varies according to the type o f wound, 

but usually is such as to restore locally, the normal condition o f a closed 

cambial cylinder. The amount of callus formation varied among varieties 

and was influenced by c l im a t ic  conditions during the previous growing 

season. Auramov and Jokovic (1961) and Ciz (1969) opined that incompa- 

ta b i l i ty  could be diagnosed through anatomical studies a fte r  2-3 months 

o f grafting.

The presence of fungal mycelium in graft union seemed to fa c i l i ta te  

proper union (Shimoya el^ 197U). Soule (1971) conducted studies on

the anatomy o f bud union in mango and observed 4 stages. (1) Pre callus- 

where 4 days a fte r  budding only a wound periderm was present (2) callus

where 8 days a f te r  budding p ro l i fe ra t ion  from tissues near the cambium

resulted in f irm  attachment ol the components (3) Cambial bridge - where 

12 days a fte r  budding cambial layers from stock and scion formed a bridge 

(4; D if fe ren t ia t ion  ol vnsculai bundles - which occur in 56-4U days and

complete healing o f union 6-8 months a f te r  healing several cylinders of

new tissues were present and la tera l shift of scion In  alli(|n Ihe slock 

had begun.

F.sau (19/2) cuurlurted studies on graft union and observed that secon­

dary growth and enrnbial a c t iv i ty  were involved in proper gralt uninn.

Breakdown products ol dead cells burned a not rut it layer on Ihe surface 

of Stock and scion the callus tissue f i l led  t in  spate between slock and

scion and later d i f fe ren t ia te d  t * * i imlnum i i-ll and then t o vascular tissues.

F aim f 1982 i repor t  e(I t hat l he i fnpm  I adl I unci ion id  i a m b iu m  was 

to  fo rm  ca l lus  in i h e  w ound  p o d i o n .  Me also 'it al ed I hat uni on o l  st ocl*.

and sc ion was not on ly  jt h rnug h  i a m h ia  hut t h r o u g h  w o o d  n n s  w h ic h  pi o i l ­

s'oral ed ar id l  t o o k  part  in I l ie q i a l l  un ion .  I >,ive and K a o  (1902) sump led 

Cambial t issues ,  o u te rw o n r l ,  inne r  ha rk  and young shoots  and found  out 

hat ra d ica l  g row l  h ol I l ie I ree was ennl i i r im i i  i a;. I he c a m b i u m  was al*l ive



all the year round. B'angential divisions in the cambium zone resulted in

d if fe ren t ia t ion  o f vascular elements. C l im a t ic  factors showed no relationship 

w ith  cambium a c t iv i ty .

Chakrabarthi and Sadhu (198!?) observed three anatomical stages 

in the form ation lo f  a graft union which arc (1) ( aliasing stage - |0-30 

days a fte r  g ra ft ing  when the live cells formed callus tissue (2) cambial 

bridge stage - 30-60 days a f te r  g ra ft ing  when cambial con tinu ity  between 

stock and scion was established (3) Healed union - 60-120 days a f te r  g ra ft ing  

when vascular tissues were d if fe ren t ia te d  and complete union occurred.

Ratan (1983) observed that in successful g ra i ls  callus p ro l i fe ra t ion  commen­

ced from 3lh day onwards and completion ol cambial bridge of the slock

and scion was gol wil Inn 13 days a f te r  q rn ltm g .

^^^^K-ladham ony 1987) reported that fa ilure ol g ra i ls  was due to  lack 

of callus formation even a l te r  3 in  i l l  d iys  ol g ra ft ing  operation. Vers 

th ick riecrnt ic layers were seen devi loped in the wounded exposed ’.ur faces 

of stock arid sc ion. Some id I In unsuccessful g ra i ls  also showed wide gap 

between stock and m ion.

The works i nnducl ed hy many si te i i l is ls  points to the I . id  thal much

importance r. there fof the e ffec t of season, age ol rootstock and scion

and period of de fo lia t ion  on t lie success ol g ra f t ing  and hence lu lu re  line 

o f work has In he d irected to  make use id the maximum benefic ia l d i e d

of these Fatl or', nn I he bui r ess of gt all ing.
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3. M ATERIALS AN D  METHODS

Studies on tv/o methods of vegetative propagation in jack viz. epicotyl 

grafting and softwood- g ra ft ing  were conducted in the Department of 

Pomology and F lo r icu ltu re , College of H o rt icu ltu re ,  Vellanikkara, Trichur, 

Kerala from June 1987 to  A p r i l  1989. The place is under high ra in fa l l  

trop ica l region having warm humid c lim ate  throughout the year w ith  less 

fluctuations in daily temperature. The a lt i tude  of the place is 22.23 m 

above mean sea level at 10° 32'N la titude and 76° 16' E longitude.

The main objective o f the study v/as to evolve an easy and economic

vegetative propagation method for jack. Ep icoty l g ra ft ing  and softwood

graft ing, the tv/o recently  developed methods o f vegetative propagation 

for fru its  were t r ie d  for the standardisation o f season and age o f rootstock 

for gra ft ing. The e ffec t o f in te rm it te n t  mist on the percentage o f success 

o f gra ft ing , anatomical changes at the d if fe ren t stages o f graft union and 

factors leading to  fa ilure o f graft union were also studied.

3.1 Standardisation of age o f rootstock and season of g ra ft ing .

To standardise the season ol g ra f t ing  tor ep icoty l g ra t is  and softwood

grafts, g ra ft ing  v/as done on every 13th day o f each month commencing 

from May to  August. Weather parameters like m a x im u m  tem pera tu re , 

minimum tem perature , re la t ive  hum id ity  and ra in fa l l  at monthly in tervals 

during the period of g ra ft ing  were recorded (Appendix l and I ig. I). R o o t­

stocks belonging to  three age groups wen* used lor hot h methods of g ra ft ing . 

For epicotyl g ra ft ing  the different age groups of rootstock were s , 10 

and 13 days and that for softwood grafting were 2, 3 and A months. Th irty  

seedlings were gra fted  in each treatment every month.

3.1.1.Raising of seedlings for rootstock

F reshly ext racted seeds of jack fru it  were sown in polythene bags ol 

3ize 20 cm x IB cm f i l led  w ith  f; YM, sand and soil in the ra t io  1*1:1. RHC 

10 per cent dust wn3 applied around I he Ipolyt hene hags and In the soil



in the bag to  avoid te rm ite  uLLack. I lie polythene bays were placed under 

shade and watered regularly. Sowing was done frequently so as to  obtain 

5, 10 and 15 day old rootstocks for epicotyl g ra ft ing  and 2, 3 and 4 month 
old rootstocks for softwood gra ft ing  durinq the period from May to August 

(Plate 1 and 2).

3.1.2 Selection and preparation of scion sticks

Healthy, disease free, 3-4 months old, 10 cm long, uniform scion 

sticks having dark green colour w ith  plumpy and dormant apical buds from 

selected mother trees were used for epicotyl and softwood g ra ft ing . D e fo ­

liation was done by clipping the leaf port ion keeping the petioles in tact 

on the tw ig . D e fo lia t ion  was done 10 days pr io r to  g ra ft ing . This was the 

precuring period that was standardised by Dhungana (1985) for mango.

3.1.3 Method of g ra ft ing

1. Lp ico ly l  g ra ft ing

The g ra ft ing  operation was done on rootstocks of age 5, io  and 

15 days, by the cleft met hod. Mu' rootstocks were decapitated 5 in  p cm 

above the soil surface. A ve rt ica l slit ol about 4 to  5 cm in given in the 

centre of the ep icoty l.  Ilu* lower portion ol the selected scion was prepared 

to form a wedge hy giving I wn slanting eut s on opposite s ide:. The wedge 

shaped scion was inserted in tin* vertiea l slit ol epuot yl and then l ig h t ly  

w rapped  w i t h  polythene tape nf 2111) gauge thickness. Ihe d i i le ren l stages 

of CJraflr my are i l lus tra ted  in Plates '• In  M.

2. rioft wood graft mg

^ ^ ^ ^ H l e f t  method In f g ra ft ing  was followed lor softwood g ra ft ing  also. 

2 month, 5 month and 4 month nld r n o ls tm ls  were used for g ra ft ing  re ta ­

ining 2 leaves on the rootstocks. G ra ft ing  was done un ifo rm ly  al a height 
o f 15 cm Above the soil level.



w . . j p  ' j_ ^
P la te  1 -  5, 10 and 15 day old rootstocks ready fo r  g ra ftin g .

P lo ts  2 -  2, 3 and 4 m onth o ld  rootoLockn ready fo r g ra ftin g -





Plate 3 A rootstock rja  !y tor qrcflioij.
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Plot 7 5 - V e rtica l s lit o f a b o il: 4 - 5  cm given in the  centre  o f the  ep ico ty l-





PI'Ste 6 - Low er portion  o f
scion prepared to  form  a wedgr ahape





Plate a -  Wedge shaped





Plate  H -  The g ra ft jo in t a fte r  oecnrinq w ith  q polythene tape.

*



* \



Plate 9 MiS; chamber showing the g ra fte d  plants kept inside.





3.1.4 A f te r  care of the grafts

The grafts  were kept under part ia l shade in a thatched shed. The 

suckers produced from the rooLslocks were remuved periodically and the 

grafts  were watered regularly. Bordeaux m ixture 1 per cent and Rogor 

3 0 | ra g 2 ml per l i t re  were sprayed once in a fortn ight.

3.2 H E f fe c t  of mist on the percentage success of graft union

The e ffec t of in te rm it ten t mist on the percentage success in g ra ft ing  

was studied. Th irty  plants were (g ra fted  under each trea tm ent and kept 

in the open and mist conditions. A temporary mist chamber was made 

using th ick  polythene sheet over a wooden frame of the dimension 1.95m 

x 1.60m x 1.20m. Mist conditions was created by spraying water to  the

polythene f i lm  at an interval of 45 minutes throughout the da> from 

9 a.m. to  5 p.m. The temperature and re la tive humidity inside the chamber 

was maintained at 50“ C and 9(1 per cent by I Ins in terva l of application 

of w a te r*(P la te . 9)
4

3.3 f re at merits

There were to ta l ly  2'i t real rpenl s each for ep icoty l and soltwood

gra ft ing  which consisted of 4 rnM t' i .  of grail ing (May to  August ), 3 ages

of rootstock ') day, 10 day and 15 day for epicotyl and 2 month, 3 rnofoth

arid 4 month for softwood grafting) and opon and mial conditions.

( .E *< c * • o u *< 1 'nl rn191

r 2f May-ejhieot yl Hid mist

May-epir ot y 1 15d JtBbJ

V May-epicot yl 5d opetfi

V - May-epiedt yl Hid open

r 6' May-epic nt yl 1 >d open

\ , z June-npicdi yl 5d inl#l

r ,JL June epnail yl 11 Id m i st



TVE Junc?-cpicoLyl 13d mist

T1CIL June-epical yl 3d open

T 11E June-epicotyl 10d open

T12E June-epicotyl 13d open

T 15E July-epicot y I 3d rn i | l

T 14E July-epicoty l 10d Imist

T15E July epicoly l 13d In list

T .6 E July-epicot yl 3d open

T 17E July-ep icoty l 1Od open

T 10E July-ep icoty l 1 3d open

T19E August-epicotyl 3d mist

T20E August -epical yl lOd mist

T2 .E August -eplcot yl 13d mist

T22E August -epicot yl 3d open

r 2 )L August -epicot y I 11 Id open

V August -epicot yl 1 3(| open

T . S Muy-so ft wood 2m mist

i 2s Mny-r.0 (1 wood 5m mist

T3S M ay -90 ft wood 4 m inivii

V May-so ft wood 2m open

T j S May-soft worirl 5rn open

V May-so ft wood 4m open

f 75 June soft wood 2m mist

T 5 B June-soft wood 5m mist

r ,S hine-sufl wood 4 m mist
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T 1 0 S June-soft wood 2 m open

T 1 1  s June-soft wood Jin open

T 1 2 S June-soft wood 4m open

T 135 July-soft wood 2 m mist

T 14S July-softwood 3m mist

T 155 July-soft wood 4m mist

T 16S July-softwood 2 m open

T17S July-softwood 3m open

T 18S July-softwood 4m open

T 19S August -so ft wood 2 m m i st

T2 0 ° August -su ft wood 5m mist

T2 1 S August -so ft wood 4m mist

T 5 
22

August-so ft wood 2 rn open

T 2 yJ August-soft wood Jrn open

T24S August-soft wood 4m open

A

3.4 Observations

The following observations were recorded

3.4.1 Percentage of in it ia l and final nui ri*:.'-

The observations on numb p i  of d a y s  l nkrn fur sprouting of scions 

a f te r  g ra ft ing  were I r e  ro t  ded. Ihe scions I hifi remained greoft whether 

sprouted or urisproiiifced l rJ days a f l r i  g ra ft ing  were countefU for culculdjtIflg 

the percentfi'ge of in it ia l success. Sclon9 wfiich survived a f te r  9® days were 

counted for ca lcu lating I fie penlenUige of final success.



3.4.2 Extension growth of scion

The rjrowth of scion was pleasured in eifnl ingci res from i lit* point 

where the scion put forth  new growth.

3.4.5 Number of leaves

Whe number of leaves produced by the graft was recorded at fo r t ­

n ightly  intervals.

3.4.4fe M i r th  of stock

A fixed c ircu lar mark was made on the stock at one cm below the 

graft jo int. The g ir th  of stock v/as measured in centimetres at th is point

at fo rtn igh t ly  intervals.

3.4.^ G i r t h  ol sc ion

A fixed c ircu la r mark was made on the scion at one cm above the 

graft |omt. R ip g ir th  ol scion was measured in centimetres at t ins point

at fo rtn igh t ly  intervals.

5.4.6 ( .if i h f i l _i •tension growth

The g i r t h  of extension rjrowth was also measured in cen tim etres 

at a height of one ( in  above l fie point were the scion produced new growth.

5.S> Anatom ica l studies ol graft union

Graffs  were prepared snpnrutoly foi anatomical studies by using

different ages of rootsloejks hoi h epicntyl and so It wood. Totally there

were 24 trea tm ents  each for apient yl (4 months - May to  August, ' ages 

of roof.9tnr.k, 10 and I '> days and Open and mist i ondil inns) and l o r  s o f t ­

wood grafts  (4 months - May to August, '• ages of rootstocks 2 , ' and

4 months, and open and m i6l conditions) for which specimens were collected 

separately. Here also, t fir* s im ilar proeedifre was followed for raising ro o t­

stocks, selection of scion sticks, scion preparation and graft ing l operation.

Samples w e n 1 rn l led ted  foi anatomical fit udies as per the p ro rcdn ic  (jive 
be low .

o
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3.5.1 co l le c t ion  and storage of specimens

Representative samples of graft union from all the treatm ent com­

binations were taken for the anatomical studies. Two samples were collected 

from each treatment combination at intervals of 5 days, 15 days, 45 days 

and 90 days a fte r  grafting. Samples were also taken from those grafts  

which showed signs of shrinking or drying from 5th day onwards. Imme­

diately a f te r  collection the samples were processed as follows.

E .5.2 piJrocessinn

FA A (850 ml of 70 per cent alcohol + 100 ml 40 per cent fo rm a l­

dehyde + 50 ml glacial acetic acid) solution was used for f ix ing and preser­

vation of the samples. Specimens were kept in FAA solution for a m immium 

period ol 72 hours and were Lransfered to 7U per cent alcohol. Ihe\ were 

then removed using a sterlized forceps and washed in running water for 

30 minutes and later w ith  glass d is ti l led water. U n ifo rm  th in  secetions

of 40 (micron) thickness were taken using "Reichert sliding m icro tom e" 

as per standard m icrotomy suggested for hardwoods (Cutle r, 1978). For

cleaning and staining the sections the schedule suggested by Johanson, 

(1940) which is outlined below, was followed.

Sections

l% alcoholic snfranin (5-10 minutes)

30% alcohol '2 minutes)

50% alcohol *'2 minutes)

70% alcohol (2 minutes)

80% alcohol (2 minutes)

9IJ % alcohol (2 minutes) 

fa s t  green (2 minutes)

B5% alcoholl(20 seconds)



Absolute alcohol (1 minute)

Alcohol : xylene 5:1 ( I minute)

Alcohol : xylene 1 : 1  (1 minute)

Alcohol : xylene 1:3 (1 minute)

Pure xylene (1 minute)

E u r e  x y l e n e  O l m i n u t e )

Mounted on slides w ith  Dpx mountanl 

Microscopic examination 

Photomicroscopy

5.5.5 Microscope I xnminat mi i

I he slides were examined carefu lly  through "OI>mpus binocular rese­

arch  microscope f it te r! wit h objective o f m agnif ication ranging I r o n  5.J 
x to  ''hJ > and I (J ■ eyepiece.

5.5.4 Phot nrm rm scupy

f'hoturnif iographs ol selected specimens were taken using a photo­

micrography system (Orthoplan Germany 964876) and ORWO f i lm  ol 1 2 ’> 

ASA.

5.6 'it fit ist ir al analysis

Oi fferertces among the (root memo w ith  regard to  the number of 

sprouted grafts  arid survival of ginHs were tested by repealed chi-square 

test dp scribed by Panne and Sukhoi me (1968)
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V
Where X “  -  Chi-square

ci - Number nl i |r;i 1 1 sprouted or survived lor
each trea tm ent.

1
a = Number of grafts unsprouted or not survived

for each treat

n. = Number o f grafts sprouted or survived for
all the treatments.

n^ = Number of grafts unsprouted or not survived
for all the treatments.

Degrees of freedom for Chi-square is (K - 1 ) where K is the number 

of treatm ents.

S tatis t ica l analysis ol the observations on the e ffec t of trea tm ents  

on the quantita t ive  characters like extension growth of scion, number of 

leaves, g ir th  ot rootstocks, scion and new growth was done using the analysis 

of variance technique as described by Snedecor and Cochran (1967).
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Results o f the experiment to  standardise the season, age of rootstock 

and the e ffec t of in te rm it ten t mist on the sprouting (15 days a fte r  graft ing) 

and survival (90 days a fte r  gra ft ing) o f epicot yl and softwood grafts are 

given below.

4.1 Standardisation of the optimum season o f gra ft ing

Data on the e ffec t o f season on sprouting (15 days a f te r  g ra ft ing) 

and survival (90 days a fte r  gra ft ing) of epicoly l grafts are presented in 

Table 1. The percentage of sprouting and survival of grafts in June d iffe red  

significantly from other months. The maximum sprouting of ep ico ly l g ra fts  

was for the month o f June (83.3 per cent) whereas all the other months 

of g ra ft ing  had only very l i t t le  success as in July (7.22 per cen t'.  May

(5 per cent) and August ( 5.U9 per cent). The maximum sur\ iva l also was 

in the month of June (61.67 per cent) whereas all other months o f g ra ft ing  

had only very l i t t le  success as in July (5 per cent), May (3.89 per cent) 

and August (2.78 per cent). Among the different seasons I ried only June 

was found to  be suitable for epieotyl g ra ft ing  in jack (I ig. 2).

Soft wood graft mg

Data on the e ffec t o f season on sprouting and survival of softwood 

grafts are Ipres enter) in T able 2. Similar In  ep ico ly l grafts , t in 1 percent uge 

of sprouting and survival of softwood g ra i ls  in June d if fe red  signilie,ml ly 

Drom other months. The per•cent age of sure-ess in soft wood g ra i ls  was

very poor. Maximum sprodting was re ron led  f o r l lh e  month of June 17.22

per cent) followed by July find August w ith  1.1 per cent and |May wit fi 

no success. Likewise maximum survival which was only *> per cent was
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Table 1 Effect o f  season of graft ing on the success in epicotyl graf t ing

« re at orients No. of grafts  
prepared

Sprout ing
•

Survival »

Number Percentage Number Percentage

May 180 9 a 5.00 7 a 3.89

June 180 130 b 83.30 1 1 1  b 61.67

July 180 13 a 7J22 9 a 5.00

August 180 7 a 3.89 5 a 2.78

Values naving the same le t te r  are homogenous. 2
X analysis was done
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Table 2 E f fec t  of  season of graft ing on the success in softwood graft ing

Treatments No. of gra fts  
^ ^ ^ ^ H p r e p a r e d

Sprouting
•

Survival

Number Percentage Number Percentage

Mas 180 0 a 0.00 0 a 0.00

June 180 13 b 7.22 9 b S.00

July 180 2 a 1 . 1 1 a 0.55

August 180 2 a 1i. 1^ ^ H 1 a 0.55

Values having the same le tte r  are homogenous X~analysis was done



recorded for the Tnonth o f June followed by July and August (0.55 per 
cent) and May w ith  no success. June was found to be the only season suitable 

for softwood graft ing in jack, though w ith  a very low percentage o f success. 

Eventhough softwood graft ing is not very successful, to  f ind any success

be done (F ig i  3).

4.2 Standardisation of the age of rootstock for graft ing 

^ ^ ^ M g p ic o t  yl K jla ft inq

Tlu* dot ii on l l to  nil feel of Mu* w jr  ol runt slock on I ho uuccrsa in

epicoty l g ru f l i iu j  uru present ed in I nblc 5 and il lus tra ted in I uj. 4 .U I  the 

three age groups of rootstocks t r ied  viz., five, ten and f if teen  day, maximum 

sprouting v/as obtained for live day old rootstock (29.50 per cenO followed 

by 10 day old rootstock (27.08 per cent) and 15 day-o ld  rootstock (17.98

per cent). S ta tis t ica lly  significant d ifference v/as there only for 15 da \-o ld  

rootstock from five day and 10 d a y -o ld  rootstock in the sprouting, but 

data on survival ol grafts showed that there v/as no significant d ifference 

among the three age groups, the survival percentages being 21.67, 10.M

and 15 respectively lor 5, III and 15 day old root si neks. There was significant 

e ffec t  of age of rootstock on the success ol g ra ft ing  in the month ol June 

5 day and 10  day old rootstocks gra fted in June and kept under mist

conditions recorded an in it ia l success of IUIJ per cent each and survival

of 76.67 per cent and 6 5 . per  cent respectively and 15 day old rootstocks 

gra fted  and kept under mist condit ton recorded an in it ia l success ol 73.33 
per cent and survival of 60 per cent respectively. 5, 10 and 15 day-o ld  

rootstocks gra fted  in June and kepi uhdei open nontlil lOhs gave a sprouting

of 8 6 .6&, 00 and 60 per rent reaped ively and a survival o f  Ml, 5n.o7 and

53.J3 per cent respert ively.

r)ofl wond gra fl mg

In the case o f softwood gra fts  only I  m on lh -o ld  rnnlstoek sprouted 

and hence no comparison enukl he made.(fc» 4 )
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Table 3 E ffect of age of rootstock on the success in ep ico ty l lg ra ft  ing

Treatments No. of grafts 
prepared

Sprout ing
•

Survival
•

Number Percentage Number Percentage

5 cays old 240 71 b 29.58 52 a 21.67

10  days old 240 65 b 27.08 44 a 18.33

15 days old 240 43 a 17.92 36 a 15.00

Values having the same le t te p a"e homogenous.
X “ analysis was done



Table 4. L f lee t  of aqe of rootstock on the success in softwood graft ing

Treatments No. of grafts 
prepared

Sprout ing Survival

Number Percentage Number Percentage

2 r-.0r.tns old M j. rx 1 / 7.08 1 1 4.58

3 monchs old "* i n— "• U 0 0 0

-  months old 2 - 0 0 0 0 a

CO
(JJ
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4.3 Effect o f mist conditions on the success of graft ing

K~pir-ut yl gr.'ilt in ia

Data on the e ffect of misl conditions on l he sprouting and survival 

o f  ep icoty l grafts are given in Table 5 and il lustra ted in F ig .1?. Data obtained 

by chi-square analysis showed that there was significant d ifference between 

the mist and open conditions on the sprouting and survival of epicotvl 

grafts. Sprouting was more in misl condition (30.88 per cent) as against 

18.89 per cent in open conditions. Likewise the survival ra le was also high 

in mist condition (22.!? per cent) as against 14.17 per cent in open condition. 

In the month of June mist condition had a significant e ffec t over open 

condition on the success of graft ing. '?, 10  and IS day-old rootstocks gra fted  

in June and kept under mist conditions gave a sprouting of 100, 100  and 

73.3 3 per cent and a survival of 76.67, 63.33 and 60 per cent respectively 

whereas !?, 10 arid I!? day-o ld  root stocks gra fted in June and kept under 

open condition gave only a sprouting ol 06.67, Mt) and 60 per cent respect ively 

and a survival ol 6 (J, ' 6̂ .6 / and '?i.33 pci cent respectively.

Jo tl wood gralt inq

[Jiaia on i In* e l  fe c i  o l mist c o n d i t io n s  on th e  s p ro u t in g  and s u rv iv a l  

o f  s o f tw o o d  g r a f t s  are g iven  in Fable and i l l u s t r a te d  in I ig. 6 . There

was vigr n f I ran i  d i f l e r c n c e  b e tw e e n  mist and open cond it ion : ;  on sprout mg 

and s u rv iv a l  o f  g ra f t s .  S p rou t ing  was m o te  in m ist c o n d i t io n  1 3.go per 

ce n t)  as against open c o n d i t io n  (0.1)3 3 per r e n t ) .  I ike w isn  th e  s u r v iv a l  ra le  

was alSO h igh  in m ist rn n d i l  i i i f i  pe l i enl ) as again:.l open edndil ion

frj.!>6 p e r  ce n t) .  In I he m o n th  o f  lune for soli w ood g r a f t s  also mist c o n d i t io n  

had a s ig n i f ic a n t  e f fe c t  nvei open c o n d i t io n .  2 m o n th  o ld  root si oeks g r a f te d  

in June and kept under m is l  c o n d i t io n  gave a sprout inq o f  3 3, 5 3 per cent

arid s u rv iv a l  o f  2 3. 5 5 per cent re s p e c t iv e ly  w hereas  I licit under open c o n d i t io n

gave a S p rou t ing  o f  I f l  per cent and s u rv iv a l  o l 0 .6 /  per cent JpspeC I1 v e ly . 

The g r o w th  Stages o f  g r a f i s  o f  d i f fe re n t  age groups are shown in p la tes

Id In  15 (umder miSl and ripen i ondfl ions)



Table 5 Effect of mist condlt ions on the surcess in epicot yl graft ing

T reatments No. of qrafts Sprout ing
•

Survival
•

prepared Number Percentage Number Percentage

Mist 360 1 1 1  a 30.83 81 a ,22550

Open 360 ■ 6 8  b 18.89 51 b 14.17

Values ha \inc  the same le tte r  are homogenous
?

X analysis was done
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Table 5 E ffec t  of mist conditions on the successlin softwood g ra f t ing

-------------------------------------------------------------

T reat ment s No. of grafts Sprout ing
•

Survival
in

prepared Number Percentage Number Percentage

Mist 360 14 a 3.89 9 a 2.50

Open 360 3 b 0.833 H  b 0.56

\alues h a v r :  *■? same le t te r  are homogenous X “ analysis was done
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15 day o ld  roo tstock g ra fte d  and kept under m ist and open conditions.
I

2 month old foctntock nrnfted and kef* inrfcr mist and open conditions.





4.4 E ffec t of d ifferent seasons on the success of grafting under mist
and open conditions

L p i e u t y l  L i r a I I m g

■Data of the e ffec l of d ifferent seasons on the success of epicotyl 

g ra ft ing  under mist and open conditions are given in Table T. There was

no significant d ifference in sprouting between the open and mist conditions 

in June, but there was significant difference between the open and mist 

conditions in May, July and August monihs. The maximum sprouting was 

for June misl (91.11 per cent) and grafts kepi, under mist in July, May 

and August recorded percentage success of 14.44, 10 and 7.78 respectively. 

The maximum survival was also for the June mist (66.67 per cen i) and 

grafts under misl in July, May and August recorded percentage success 

of 10, 7 .|8  and b.'*6 respectively and open conditions in Jul>, May and 

August gave no success.

Soft wood grab iiiij

Data nn i lie effect of different seasons on the success ot soil wood

gra ft ing  under mist arul open conditions are given in Table tints June

mist showed a significant d ifference over the other treatm ents w ith  regard

to  sprout.mg ot grafts. Juno mist showed a percentage success ol 11.11,
# .

followed by June open '5.51 per cent), July mist and August mist (2.22

per cent) arid others w ith  no success, ' i im ilar lv  the maximum survival was

also for June mist ( /.7ft per cent) followed by June open (2.22 per cent), 

July and August mist (1.11 pm cent) and others w ith  no success. In all 

the seasons o f  g ra ft ing  only 2 moot I in old rootstock survived and it gave 

a sprouting of 55. 5 5, 6.67 and 6.67 per* rent respectively iri June, Juls 

and Auqusl whereas it gave a survival of 2 5. 5 3, 5.M and 5.5 5 CPI,r rPs. 

pect ively in the months of June, July and August.

4.5 0 f feci, o f season of q re ft i f f f l ,  age of rootstock and misl conditions
on l he sue cess o f grail mg.

f p ic r j l .yl r j ra f l  mg

Ihe results indicated I hot season of graft .mg had vers pronounced
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Table >  Effec t  of  different seasons on the success in epicotyl graft ing under mist and open conditions

Treatments No. of grafts 
prepared

Sprout inq Survival

Number Percentage |Number Percentage

M a y M i st 90 9 b 10 .00 7 b 7.78

Open Q f)* u 0 a 0.00 0 a 0.00

June Mist ^0 82 c 91.11 60 c 66.67

Open 90 68 c 73.56 51 c 56.67

July Mist 90 13 b 14.44 9 b 10.00

Open 90 0 a 0.00 0 a 0.00

August Mist 90 7 b 7.78 5 b 5.56

Open 90 0 a 0.00 0 a 0.00

Values having the same letter are homogenous 2
X analysis was done

>J*n

9



Taole 8 Efr'ect of d i f ferent seasons on the success in softwood graft ing under mist and open conditions

k, - Sprouting Survival!Treatments No. or grarts  __________________ L .
prepared Number Percentage Number Percentage

Vav v<st

Coen

*0

^0

0 a 

0 a

0.00

0.00

0 a 

0 a

June M ist

Coen

90

90

10 b • 
••3 a

1 1 . 1 1

3.33

7 b 

2 a

July ' At cf ' I oL

Open

90

90

2 a 

0 a

2 .2 2^ ^ H

0.00

1 a 

0 a

August M ist

Open

90

90

2 a 

0 a

2 .2 2

0.00

1 a 

0 a

1
0.00

values naming the same le tte r  are homogenous X analysis was done
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effec t on the percentage success of graft ing. June was found to be the 

best season for epicotyl graft ing in jack, 5 day and 10 day old rootstock 

grafted in June and kept under inisL eondil ion gave a maximum sprouting 

o f  100 per cent followed by 15 day old rootstock grafted in June and 

kept under mist condition (73.33 per cent) 5, 10 and 15 day old rootstocks 

gra fted in June and kept under open conditions gave a sprouting of 06.b7, 

80 and 60 per cent respect ively. There was Inn isigni I irnnt d i l l r rene e  in

the sprouting of 5, 10 and 15 day old rootstock grafted and kept under 

mist and open conditions in Lhe months of May, July and August.

Analysis o f the data on the survival of epicotyl grafts also showed 

that June was the best month for epicotyl g ra ft ing in jack. Maximum s u r \u a l  

v/as obtained in 5 day old rootstock grafted in June and kept under mist 

(76.67 per cent) followed by 10 day old rootstock grafted in June and kept 

under mist ^6 3.5 5 per cent), but stal ist ically they did not d i f fe r  s ign if icantly . 

The next best treatm ents were 15 day old rootstock grafted in June and 

kept under oust enmlil inns <od pi i cent) anil III and 1'* day eld n ml stuck

g ra fted  in June and kept uudti open condition toO.'m.o/ and ' > 5. j  5 per

cent respectively). A ll lhe other treatments II) and 15 day old rootstock

graft ed and kept under open and mist eondil ions in the months id May, 

July arid August showed no si at i sl.ieul d il le rence and the percentage of 

survival was 1 5. * » ni less, f I aides T i • 10).

V if t  wood gr aft mg

Analysis ol tint a on the sprouting and siitv ival id softwood gra ils  

indicated If hat Junr was the only season suit utile lot softwood grad ing  

in jack. [M axim um  spioutmg was obtained when gra ft ing  was done in the 

month of June using 2 month old i not s l ink  tindei mist condition 1. 55,55 

per cent). Only 2 month old root si neks were ef f i c t  ive arul all other age 

groups o f rfjnl at ock diiorl o f j .  2 month old tool stork g raded in the mohl h 

o f July and August under mist condition gave a sprouting of 6.67 per cent 

each, 2 month old runt stork gra fted  in the month of June under open 

condition gave a s|irnul mrj of II) pei rent whereas in all other months 

all the open treat merits dried o f f .



Table 9 E ffec t  of season of graft ing, age of rootstock and mist conditions on the
success in epicotvl graft ing (success 15 days a f te r  graft ing)

Treatments May Junr July August

Age o f Mist/open 
rootstack conditions

Number Perce n? ape Number Percent age Number Percentage Number Percentage

5 days Mist o a 20 30 b 100.00 5 a 16.67 4 a 13.33

10 days Mist 3 a 10 30 b 10 0 .0 0 5 a 16.67 3 a 10 .0 0

15 days Mist 0 a 0 22  b 73.33 3 a 10.00 H o a 0.00

5 days Open G a 0 26 b 8o.67 0 a 0.00 0 a 0.00

days Open 0 a 0 24 b 80.00 0 a 0.00 0 a 0.00

15 days Open 0 a 0 18 b 60.00 0 a 0.00 0 a 0.00

Values having the same le tte r  are homogenous X “ analysis was done
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Similar  results were obtained when data Ion survival ol softwood

grafts were analysed. Maximum survial was for 2 month old rootstock grafted 

in June under mist condition (23.33 per cent) followed by 2 month old root-
stock g ra fted  in June and kept under open condition (6.67 per cent). 2

month old rootstock g ra fted  in the month of July and August and kept 

under mist condition gave a success of 3.33 per cent each. Excepting the 

month o f June in all other months open treatments of 2 month-old rootstock

also dried o f f *  (Tables 1 1  & 11% .V
m

4.6 E f fe c t  of d i f fe ren t trea tm ents on growth parameters of grafts

E p ico ty l g ra ft ing

4.6.1 G ir th  o f rootstock

Observations on g n t l i  ul rootstock lur various treatments arc presented 

in Table IB and i l lus tra ted  in F ig. 7 . It is clear from the table that there 

was s ign if icant d iffe rence among the trea tm ents in the g ir th  of rootstock 

except for the 5th to  8th  fo rtn igh t. The maximum g ir th  ol rootstock was 

for the trea tm ent I yl (5 day old rootstock grafted in June and kept under

mist conditions) in all the fortn ights  except the 1st fortnight in which

m axim um  g ir th  of rootstock was for the treatment I |^l <1.42'' cm (5

day old rootstock g ra fted  in August and kepi under mist condit ions) which 

was on par w ith  I ,1 . I lie least g ir th  of to o l t lo o k  was lor the treatment 

T E (10 day old rootstock g ra fted  in August and kept under mist condition' 

in the 1 st and ‘Ah fortnight and was lor the I n at mrnl 1 ^ 1  ( 1 day old

rootstock graifted in June and kept ujulei Open condition) in the 2nd, 3rd 

arid KJth fortn ight and in the 4tfi furl night the least g ir th  of rootstock

under mist condition), fhc maximum t j i r lh  and minimum g ir th  of rootstock

Analysis of variance> of I fie data on rnnl stork g ir th  was done only 

mi H ip If) fnrlmcilits i l l  ohsei \ at ion. Dnl eraet iOll

e f fe c t  r j l  age



Table 11 L f fe c t  of  season of graf t ing age of rootstock and mist conditions on the

success in softwood graft ing tsuccess 15 days a f te r  graft ing)

Treatments Ma> June July August

Age of 
root st ock

Mist/open 
condit ions

Number Per cent age Number Pe rcentage Number Percentage Number Percentage

2 monr ns Mist 0 a nU 10 b 33.33 2 a 6.67 I 2 a 6.67

3 months Mist 0 a 0 0 a 0.00 0 a 0.00 0 a 0.00

-i nro^ths Mist 0 a 0 0 a 0.00 0 a 0.00 ola 0.00

2 months Oper 0 a 0 3 a 10 .0 0 0 a 0.00 0 a 0.00

3 months Ooen 0 a 0 0 a 0.00 0 a 0.00 0 a 0.00

4 months Ooen 0 a 0 0 a 0.00 0 a 0.00 0 a 0.00

Values having the same le tte r  are homogenous X “ anahsis was done



TaDle 11 Effect  of season or g ra f t ing  age of rootstock and mist conditions on the
success in softwood gra f t ing  (success 90 days a f te r  graft ing)

Treat ments Ma\ June July lAugust
Age - • 
roots; cc*

Mist/open 
cond:t ions

Number Percent age Number Percentage Number Percent age Number Percentage

r"V ,nn r~. ► cL. > L ^ Mist 0 a 0 7 b 23.33 1 a 3.33 1 a 3.33
7 ~xr>r f He j  Tion 'z M i ' t 0 a 0 0 a 0.00 0 a o . o o l 0 a 0.00

4 months Ml SI•II Ji 0 a 0 0 a 0.00 0 a 0.00 0 a 0.00

y rrrnr•mrn V 1 • • Open 0 3 0 2 a 6.67 0 a o!oo 0 O . O o H
3 months Open L 3 0 0 a 0.00 0 a 0,00 0 a 0.00

-  men’ hs Ooen 0 a 0 0 a 0.00 0 a ^ H o . o o 0 a 0.00

Values na.ing the same le tte r are homogenou::
?

X~ analysis was donp



I able 13 t f f e e t  of  d i f fe rent  t reatments on g ir th  of rootstock at fo r tn igh t ly  intervals in lcm.
I

1 o 3 5 6 7 8 9 10

1.420 1.523 1 ^ 0  1 t V-' 1.575 1.723 1,775 1.875 1,967 1.975
ab abc KoH 11 u bed a bd

1.333 11 • *t V • 1.^67 1.600 1.667 1.767 1.800 1.910 1.933
be bed bed bed a ^ H a b e d

Tjfe.20 1.560 ' - 1.660 1.700 1.820 11960 1.980 21060 2.080l
a a na ab a

1.380 1.520 1.560 1.620 l .660 1.740 1.880 l|940 1.980 2.0 20
ab ab a aU abc ab

1.340 1.460 1.500 1.600 1.620 1.700 1.800 1 B9 00 ll940 2.0 20
be be ab abc abed abc

1.340 1 . 4 -  C 1.540 1.580 1.640 1.780 1.840 1.900 11940 11980
bed cd abc be abed bed

i *7 n1 • y _ 1.400 1.520 1.560 1.600 1.660 1 . 7 2 o l 1.860 1.920 1.980
bed cd abed bed abed bd

' .3-iC m
. ;B 0 1.440 1.520 1.560 1.620 1.720 1.760 1.800 1.880

DCd cd ab d abed e

1|420 1.525 1.550 1.575 1.625 1.750 1.800 l|900 1.925 2 .000l
ab abed bed bed abed ^Babcd

t . Jj - ' J I • *U t) . 1.500 1.553 1.600 1.700 1.767 1.800 1867 18967
bed bed abed cd abed abed

1.333 1.433 1.450 1.500 1.600 1.650 1.700 11150 1.800 l|900
bd ed abed d abed acd

1.423 1.467 1.533 1.567 1.600 1.750 1.900 1900 1B950
be bed abed bed abed abed

1.400 1.500 1.550 1.6  00 1.650 1.750 1.800 1.800 1.900
bed cd abed bed abed ad

i tv same le u  er are homogenou:

N C, N5 N5 NS cm
10
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5 3

in any fo r tn igh t.  There was no significant e ffec t o f  mist condition and 
age o f rootstock on the g ir th  of rootstock in the 1st, 6th, 7th, Bth and 
9th fortn ights. In the 2nd, 5rd, 4th,l'.>lh and R Util I art night mist condition 

was found to  be superior to  open condition. In the 2nd and 10th fortnight

value off g ir th  oH ro o ts tock  under mist condition was 1.57 cm 

and 2.04 cm respectively whereas that for open was 1.50 cm and 1.95 cm 

respectively. In the 2nd, 3rd, 4th, 5th and 10th fortnights age o f rootstock 

also had s ignificant e ffec t on g irth  of rootstock. In these fortn ights there 

v/as s ignificant d ifference between 5 day old rootstock and 15 day old 

rootstock and in the 3rd fortnight there was significant d ifference between 

5 day and 10 day-old rootstocks. The mean value of g ir th  of rootstock 

of 5 day and 10 day old rootstock in the 2nd fortnight are 1.50 cm and 

1.42 cm and that for the 10th fortnight are 2.03 cm and 1.95 cm.

G ir th  of scion

The data on the g ir th  of srion at fo rtn igh tly  intervals for various 
t real rnent s an* p iusenlcd in I uhli 14- anil illuul rat oil in I ig. 8. In I lie 1st, 

5th, 6th, 7th, Bth and 9th fortnight there was no significant difference 

between t he trea tm ents  regarding the g ir th  of scion. 1 he maximum girl hi 

ol sc iofi was for the treatment 1 J (5 das-eld rootstock g raded  III June 

arid kept under mist conditions) in the Jrd, 4th and 10th fortn ights whereas 

it was for the i real merit 1 . A ('» day old root stock graded in Juls and

kept under mist condition) in the 2nd fo rtn ight. The least g ir th  of scion

was for the trea tm en t I j..l (15 day old rootstock gra fted in lone and 

kept under open corAJit icfn) In the 2nd, 4th and 10th fortmqhls svhereus 

it was for the treatment r ]jl ('III day old root st nek grafted in June and

kept under open rondit mo) in I,he lrd  fortn ight. I he maximum and minimum

g i r th lo f  scion in the IfJth fortnight were 1.96(5 cm and 1.70fflcin respect isel>.

■(Appendix HI)

Internet ion effect of age of roo ts tock  and midt/opon condil ions was 

not s ign if ican t at all the  fo r tn ig h ts .  In the 2nd, h-d, 4th, 5th and ICXh 

fo r tn ig h ts  mist Irnne li l  inn had a slgni f irnn l effect over open condit ion.



Table 14 Effec t  of  d i f ferent t rea tm ents  on g ir th  of scion at fo r tn igh t ly  intervals in cm

T reat ments 1 *) 3 1 S 6 7 8 9 10

T , £ 1.280 1.400
bed

I -.501 a U
abc

1.475
cd

1.550 
be

1.650 1.700 1.750 1.800 1.825
abed

t 7e 1.233 1.367
abed

1 .-^331 a “
p H t u

1 .4f>7 
cd

1.533
be

1.567 1.667 1.733 1,767 1.800
abed

T P7j 1.300 1.400
3

1.520
a

1.560
a

1.620
a

l .66L 1.760 1.880 1:9 O o l 1.960
a

T E B 1.280 l 380f a -a V. C

ab
1.680
ab

1.540
ab

1.580
ab

1.640 1.680 1S740 1.800 1.860
a

V 1.260 1.360
abc

! .66Q 
be

1.500
be

1.520
be

1.600 1.600 n700 1.800 1.860
ab

T . ,E  1 u 1.260 i r  o1.340
abed

] • -4 00
L

1.500
bed

1.560
abc

1.620 1.680 1.740 11760 1.800
abc

T 1 ,E 1.260 1.300
n rtL_ U

1.360
p H

1.420
e

1.520
be

1.580 1.620 1.720 1 I 7 4O 1.780
bed

T 12E
1.240 1.250

d
1.340
cd

1.420
p

1.500
c

1.540 1.580 1.620 1.680 1.700
d

T13E 1.280
abc

1.500
abc

1.525
abed

1.550
be

1.650 1.700 1.750 1§775 1.850
abed

T U E 1.240 1.400
abc

1.46 / 
abc

1.533
abed

1.567 
abc

1.567 1.667 1S733 1;.767 1.800
abed

T 15E 1.200 1*333
abed

1.400
bed

1.450
cd

1.500
be

1.550 1.550 1.600 1.650 1.700
cd

T19E 1.250 1.400
abc

1.500
abed

1.500
abed

1.567
abe

1.600 1.650 WOO 1.700 1.800
abed

W
1.267 1.300

bed
1.450
abed

1.500
abed

1.550
abc

1.550 1.600 WOO 11700 1.750
abed

NS H n s NS NS NS

Values having the same le t te r are homogenous
cn
•4^
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The mean values o f g ir th  o f scion under mist in I he 2nd and 10th fortnights 

are 1.3B cm and 1.57 cm and that under oppn condition are 1.31 cm and 

1.53 cm respectively. Age of rootstock also had significant effect in* the 

3rd, 4th, 5th and 10th fortnights. 5 day old rootstock and 15 day old rootstock

had s ign if icant d ifference and the mean values of g irth  of scion in the 3rd

TOffiSight were 1.46 cm and 1.||a cm and that for the 10th fortnight were

1.88 CMi and 1.7ffl crn respectively. In the 4l h fortnight there was significant 

d ifference between 5 day and 10 day old rootstock, the mean values of 
g ir th  of scion being 1.53 cm and 1.48 cm respectively.

Length of extension growth

The observations recorded on length of extension growth are presented 

in Table 15 and il lus tra ted in Fig.9. From the table it is evident that there 

is s ign if icant d ifference w ith  regard to  lengi h of extension growth for d ifferent 

t rea tm en ts  studied through the period ol observation. The maximum length 

of extension growth throughout the period ol observation was for the t re a t ­

ment TnL (5 day old rootstock grafted in June and kept under mist conditions). 

The m in imum length ol extension grwotfi was fur the treatment 1 j-,L t13

day old rootstock gra fted in June and kepi in open condition) in all the 

fo rtn igh ts  during the period of observation except during the ‘*th tortnight 

in which m inimum length ol extension growth was lor the treatment T | .L 

(IfJ day old rootstock gra fted  in June and kept in open condition). 1 he 

maximum and minimum length of extension growth during the lUth fortnight 

was 11.700 crn and 7.080 cm jjeldeGtivQly. (Appendix IV).

In r tie 1st and 7t h lo i lm gh l there was mi significant e ffect of mist 

conditions and age nl r in it si u c l  mi It lie ext elision g iow lh  of scion. In the 

2nd ird ,  4th, 5t,h, 6l h, 8th, 9l h and ID fortnight mist conditions had a signi­

ficant effect river open conditions nn extension growth ol scion. I he mean 

values lo f  length nf extension growth under mistl cntfdil ion in the 2nd aiul 

1CJth fortn ights are 5.15 cm and 11.24 cm and that in the open condition 

arc- 1.79 Kith and 8.09 em i espei ill vely. Ag( nl (unt stock also had in i ' i lu  ml 

e ffect oil ext ensum Igrnwl h of .rum in the ' id ,  5th, Ml) and t i l th  lo ilmghtih  

In the ird  hut night Hie mean values ol extension growth id 5 da> and I* 

day old m ot slock wore 5.(17 r .n  and 5.40 cm and Ihnl (or I Dili fnrinigl.t



Table 1 5 E ffec t  of  d i f fe ren t  t rea tm en ts  on length o f  extension growth at fo r tn igh t ly  intervals in cm

T real ments #  2 4 S 6 7 8 9 10

V
? nonw «UUu
c

\ 2 0 0
e

4.550
cd

5.050
c

5.675
b

6.700
abed

7.100
bed

8.000
bed

8.825
b

T 2E
1 ^ 67 • w* f
L

r| y 7 ^

C
3.333
cd

4.400
^■ bed

5.267 H 6 . 0 3 3
cd

7.100
bed

7.967
bed

8.467
d

t  F» L./
^ ?7n 
a

5.420
a

6.440
a

7.320 8.080
a

8.760
a

9.820
a

10.880
a

11.700

T E 
8

^ 1 sn
ab

5.010
ab

5.920
ab

6.820
a

7.780
a

8.400
ab

9.000
ab

10 .12 0
ab

11.060
G

V 3.020
ab

4.740
b

5.920
ab

6 .840
a

7.720
a

8.280
abc

8.820
abc

10 .12 0
abc

108950 
b

T ,o £
1.900
c

— • *. u
c

3.910
c

4.430
b

5.080
b

5.960
d

6.68
cd

7.120
d

8.400
b

T n E 1.760
c

2.160
cd

3.380
cd

4.040
be

4.760
be

5.560
d

6.400
d

7.060
d

7.980
b

T 1 2 E
1.700
c

2.060
cd

3.220
cd

4.060
bed

4.440
cd

5.420
d

6.060
bd

6.960
d

7.880
b

T 13E
2.050

c
3.050

e
4.700

e
5.300
e

5.750
e

6.750
bed

7.450
bed

8|050
bed

8.925
b

T , a E
1.967
c

2.767
c

4.067
bed

4.433
bed

5.367
be

6.700
abed

7.133
bed

8.000
bed

8.533
b

T 15E
1.933
c

2.250
d

3.900
bed

4.350
bed

4.950
bed

5.750
d

6.850
bed

7.500
abed

8.500
b

T 19E 2.000
c

2.967
e

4.00fJ
b

4.900
H b

5.233
be

6.050
bed

7.100
abed

7.950
abed

8.400
b

1.900
c

2.700
cd

4.050
bed

4.200
bed

4.950
bed

5.850
bed

6.750
bed

7.950
abed

8.200
b

Vci j <rihaving the same le tte r  are homogenous
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5 7

^e rc  10-05 cm and 9.42 cm respectively. There was significant difference 

between 5 day and 10 day old rootstock in the 5 th land  10th fortnight Lhe 

mean values o f extension growth being 5.80 cm and 5.43 cm for the former 
and 10.05 cnri|jffij|^H9.52 cm the respect

G ir th  of extension growth

The observations recorded on g ir th  of extension yrowth are presented,

in Table 16 and i l lus tra ted  in F ig.10. Where wus no significant difference

between the trea tm ents  regarding Lhe g irth  of extension growth in the 5th, 

7th, 8th and 9th fortn ights. The inaximum g irth  of extension growth was 

for the trea tm ent T^L (5 day old rootstock grafted in June and kept under 

mist conditions; in the 2nd, 3rd, 4th, 6th and IDtti fortnights. The minimum 

g ir th  of extension growth was fm the treatment T . „E  (15 day-old rootstock 

g ra fted  in June and kept under upon condition) in the 2nd, 3rd, 4th, 6th 

arid 1fji.fi fortnight s. Tilt* ina-iinum  and minimum g irth  id extension growth 

in the 10th fortn ight are 1.52U cm and 1.160 cm respectively (Appendix V).

Irt the 1st, 7th, 8l h and 9th fort nights there was no significant el feci 

o f m i*.t condit ion and tigi• of root sioi k on i |i11 I • o I extension g iow th. Ii i
the 2nd, 3rd, 4th, 5th, 6 th  and 10th fortnight t h e i r  was s igm luant effect 

of mist condition tin girl h nf extension g iow ih  eompured lu  open. In the 

2nd and lU lh fo il night the vulufls lor g i r l l i  ol extension i j row ll i  umlei mist 

condition vms 0.79 cam and 1 .40  cm and urulci open condition was 0.70 cm 

and I 23 cm rospeprl ive ly . Ago of mot st oi J a I 'to hud significant e l i c i t  

on g ir th  of extension g iow th  in I lie hd , eh, fit h and IIHh toil night. Iheie 

was significant di f feronre between '» dav and ID ( lay-o ld  i not slock and 5 

day and 15 day old rootstock in oil these for'night s. In the I Dili toil night

■the g ir th  of extension growth of 5 day and HI day ami '• day and I '• day

oldIrooLstock are 1.4 1 cm and 1.29 cm ami 1.41 cm and 1.24 cm respectively.

Number nf leaves

The ohuerval lorm mi th e  numhci ol leovru are pit sea led  in lohli 19

and i l l u s t r a te d  in I ig I | .  I' e> ev ident h o rn  th e  I a ide t hfit th e n *  is H igm heant



Tabie lb  E f fec t  of d i f fe rent  t rea tm en ts  on g i r th  of extension growthat fo r tn igh t ly  intervals in err

Treat m ents 1 2 4 6 7 G 9 10

T , E 0.800 0 . ^ 0 1.000 1.025 1.100 1.150 1.200 1.30C 1.325
abc ac bd abed abed

T?E 0.733 0 .900 0.9b7 1.033 1.100 1.133 1.167 1.20C 1.300
be abc abed abed abed

T?E 0.800 1.020 1.0-0 1.040 1.180 1.22Q 1.320 1.46 C 1.520
a a a

T8E 0.780 0.920 1.000 1.020 1.120 1.200 1.260 1.280 1.360O
ab a ab ab a

T F 
9 0.720 0.840 0.860 1.020 1.120 1.140 l|200 l[. 24 C 1.320

DC ab ac abc ab

T F1 H 0.700 0.860 0.960 0.980 1.080 1.120 1 I2 00 I ll22C 1.300
* u be abc bed bed | abc

t  r  1 1 0.700 0.780 0.920 0.940 0.980 1.020 11120 l| l8 Q 1.220i i
be bed bed be bed

J <i?-
0.700 0.740 0.840 0.940 0.980 1.000 1.080 1112C 1.160

1 Mi be d c be cd

T ^ E 0.875 0.925 1.000 1.050 1.100 1.150 1.200 1.3 0C 1.350| J
abc abc abd abed abed

T 1AE 0.167 0.900 1.000 1.033 1.100 1.670 1.200 1.233 1.3331U
abc abc abd abed abed

T E 0.700 0.750 0.900 1.000 1.050 1.100 I p  50 l|200 1.250
1 J bed abed abed abed

T F ̂Q1— 0.833 0.900 1.000 1*033 1.100 1.100 1.150 1.200 1.3001 7
abc abc abd abed abed

T -En n 0.733 0.850 0.950 1.000 1.050 1.100 1100 1.150 1.200
2u bC abed abed abed bed

N5 NS NS NS

y.jluec having the same le tte r  are homogenous

:_n
LXJ 
* * 6



E F F E C T  C.~ D lF T g j^E K jT  T R E A T M E N T S  o n  g i r t h  o f  

T E N S IO N  GROWTH A T  F O R T N IG H T  LY I N ^ E R V ^ L S

1 |q H — J u n e -  £p/co i*y |.  S d Op CO 
J u n e . c p / c o f j y j .  10 d o p e n

r /2 c  m T u o c -e p ic c rh y l -  i s d  open
T ; i£ -  cruly - e p ic o t y l .  5 d misl*
T | ; r. -  J u l y - e p ic o l y i  - /o cj m ib / ‘ 
T;i)-!.'- J u l y - e p ic o ty l-  IS d tn ls t  

-  Augus t- e p i  doty  / - 5 d m is t  
T ao E . Augus h c p i c o l y l - 10 d m is t*



r . ib le  IT- L f t ' e c t  at d i f f e r e n t  t r e a t m e n t s  on n u m b e r  o f

I J  ̂ ; 1.

T” j E  2 .5 0 0  •. i.i 5 . "SO .4.250
c c J bed b

r

F
9

u

j F1 1

* »— 
13

T 1-iE

IS

T20E

2 . 00 ' Ill '.ooT 4.000
? cd bed b

.600 . 00 7.800
3 a a a

0 S.230 6.000 7.200
ab ab ab a

4.02
□b

s• 6.000
a

7.000
a

2.200 i  n n 3.600 4.4 00
c c b b

i  nnn ̂JU 2.-00 3.200 4.200
C cd be b

2.000 3.200 i.JOO
p cd bed b

2.750 3.500 4.000 4.750
c b b

7 333 I TIT 4.000 4 . 6 6 7

C c bd b

2.000 2.500 5.500 4.500
c cd bed b

2.33 5 5.000 3.667 4.335
c cd bed b

2.000 3.000 5.500 4.000
c cd bed b

/a '^e s  having th e  same le t t e r  are homogenous

le a v e s  at fo rt n ig h t ly  in t e r v a ls

6_________ 7___________ B_________ q_______ ip

4 .7  S 0 s . 7 5 0  6 . ‘>00 6 . S 0 0  7 .0 0

c b b b b

4.5 3 5 5.667 6 .000  6.333 7.000
c b b b b

8 .600  9.200 9.800  10.600 11.600
a a a a a

8.000 8.800 9.200 10.200 I I.4QQ
ab 3 a a a

' . 6 0 0  8.800 9 .200 10.200 §1.400
b a a a a ^ H

5.200 6.000 6.400  7.200 7.400
c b b b b

4.800 5.600 6 .200 6.800 7 . 4 0 0
c b b b b

4.000 5.400 6 .200 6.800 7.200
c b b b b

5.000 6.250 6 .750 7.000 7.250
c b b b b

5.000 6.000 6.330 6.667 7.000
c b b b b

4.500 6.000 6.000 6.500 7.000
c b b b b

4.667 5.500 6.500 7J000 7.00oH
Ic  b I h  b b

4.500 5.500 6.000 6.500 7.000
Ic  b b b b
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difference between the trea tm ents on the number o f leaves produced through­

out the period of observation. The maximum number of leaves was lor thewas lor the
trea tm en t T ?E (5 day old rootstock grafted in June and kept under mist

observation. The minimum number of 
leaves was for the trea tm ents  T^E (10 day old rootstock grafted in May

and kept under mist condition)^ T ^ E  (10 day-old rootstock grafted in June

and kept under open condition), T ^ E  (15 day-old rootstock grafted in June

and kept under open condilion), T£qE (^p day-old rootstock grafted in August 

and kept under mist condition) in the 2nd fortn ight. B he  maximum and m in i­

mum number of leaves in the 10th fortn ight were l 1.600 and 7.000 respectively 
(Appendix VI).

The e f fec t  o f mist conditions was signi l ira r it  in all the fortnights

buL there  v/as no significant e ffec t of age of rootstock on the number of

leaves produced. In the 2nd and 10lh fortnight the number of leaves under 

mist condit ion was A .15 and 11.47 and under open condition was 2. tJ7 and 

7,35 respective ly . I he d if fe ren t trea tm ents  at various stages ol growth 

are given in plates 14 to  17.

Comparison b e tw e e n  e p ic o ly l  and so il  w ood g i . i l I ing

A comparison was mode between I t  hr hesl I real menl s v i / . ,  5 day old 

rootstock g ra fted  and kept under rnisl in June for epicot yl gra ft ing and 

2 m o n t h  old rootstock gra fted  and kept under mist in June lor softwood

[gra ft ing . A general comparison was Imude on the various growth parameters

like g ir th  o f roo ts tock, g ir th  of scion, lengi h o l  extension growth, g ir th  

of extension g r o w t h  and number of loaves. An abstract of the analysis o l  

variance o f the various growth parameters ore given in Appendix VII to

XI.

f jirl h o f  i not at or k

The obaerval inns recori

Intervals are prei
table it is i*videi..

rded on I he g irt 11 ol runi s lock al fortn ight ly 

.I.io  i a  nnrl 11 It ml ml e d  in  f i l l .  12- • I i n n  I ha
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Table t f f e c t  of epicot > I and softwood g ra f t ing  on rootstock g i r th  (cm)

Root stock girt h at fort night I \ in terva ls

Treatments 1st 2 n j 3rd •4t h 5 th  ]!6th 7th 8 th 9th I0t h

Softwood g ra f t ing 1.62Q 1.700 1.780 l.8-i0 1.880 1.920 1.980 2.040 2.080 2.140

EpicotvI g ra ft ing 1.420 1.5o0 1.640 1 .b60 1.700 1.820 1.960 1.980 2.0o0 2.000

btnn - n m nnL -  ̂ U U 0.0283 0.0316 0.0332 0.0412 0.0436 0.0387 0.0224 0.0224 0.0224

CD '0.05 0.0978 0.0922 0.1031 0.1082 0.1345 NS NS NS NS NS

cn



Table E f fe c t  o f e p ic o t \ l  and s o f tw o o d  g ra f t ing  on scion g ir th  (cm)

Scion  g i r t h at fort night In in terva ls

Treatments 1st 2nd 3rd  4 th 3 th  6 th  7 th 8th 9th 1 Of h

Softwood g r a f t i n g  

T pi cot \ ! gra ft mg

1.500 1.360 

MOO 1.400

1.660 1.700 

1.320 1.360

1.780 1.840 1.900 

1.620 1.660 1.760

1.960

1.880

1.980

1.900

2.020

1.960

SEm - 0.0316 0.0361 0.0316 0.0283 0.0200 0.0400 0.042-i 0.0387 0.*0469 0.0316

c d  c . : v 0.1031 0.1176 0.1031 0.0922 0.0632 0.1304 0.136-; NS NS NS



Table 2.C E f fec t  of epicot si and softwood g ra f t ing  on length of extension g row th  (cm)

Leng:h o f ext ension grow th at fort night Is int ervais

T reat ments 1st■ ww 2nd 3rd 4t h 5th 6th 7th 8th 9th 10th

Softwood g ra ft ing 2.Q20 3.360 3.680 4.220 4.560 4.740 5.320 6.300 7.120

Epicot >1 g ra f t in g 3.270 5.420 6.440 7.320 8.080 8.760 9.820 10.880 11.700

SErr - 0.2649 0.1449 0.1673 0.1715 0.2711 0.2193 0.2189 0.2832 0.26‘>9

CD D. _3 NS 0.4726 0.5457 0.5592 0.8841 0.7152 0.7137 0.9235 0.8671



was s ign if ican t d if fe rence  between the two treatments from the 6th fortnight 

onwards the re  was no significant d ifference between the two. During the 

1st f o r r i j h .  the  g ir th  ul rootstock (or softwood grafts was 1.621) cm and 

that for ep ico ty l  g ra f ts  1,620 cm andl during the 61 h fortnight the g.rth 

o f roo ts tock  for softwood g ra i ls  was 1.920 cm and I hat lor epicotyl gra ils  

1.820 cm . The g i r th  o f l r o o ls to c k  during the 1 Ulh fortnight for softwood 
and ep ico ty l g ra fts  are 2.140 cm and 2.080 cm respectively.

G ir th  ul scion

The data on the g ir th  of scion at tori nightly intervals for various 

t re a tm e n ts  arc presented in Fable and il lustra ted in I ig. 13. Analysis

of variance of the data revealed that there was significant difference among 

the t re a tm e n ts  and softwood g ra fts  had higher g irth  of scion during the 

first. 7 fo i l  n ights but from  the Hi h fortnight onwards there was no significant 

diffeire*nci- between the  trea tm en ts . In the 7lh fortnight the g irth  of scion 

f r,r go ft - : i f t>  v/as 1.900 cm ind that for epicotyl grafts 1.760 cm.

Length  nf p re c is io n  qrowLh

The e ffec t  o f  t rea tm en ts  on the length of extension growl h produced

^B g g rn f ts  is c lea r ly  evident from t lie data furnished in I able and illustrated 

|n | lf)> |n it , i  2nd fortnight I here  war. nO sigm Meant d il le rence bel ween

the t rea tm en t >. 1 rum the *n l lo r lnn j l i t  onwards epioulyl g ra i ls  appeared

f f i n . u v r  hi. liter length o f nx len i ion  growth jj-orr.purtfd to  soil wood id 'a ii

In lthe 5rd fortnight the  ..........    1,1 , " llw '" " 1 l|S“ lu
epirn i yl .............  5 .3 6 0  n il ■ ...............  pec llvo ly . In lh«     it

r. I . . i . I. r nit 11 of e xi .Bniiiun growth of /M20 cm ind thatthe s o f t w o o d  g ra fts  Bbd a lengtn '

o f ep ico ty l graft s 1 1.700 c f i»•

G ir th  o f  extension growth

r „ (, [jbgervnt inns re c e d e , .................................................. ........................
i i ,f, Tr. I rom I he* t able it ia r lp i l lb  evid.nt 

In Tah ir  21 f.r.el 1 " I - 1"  .....
that there f  . . g r i t M * !  <l»Cfct-«<* « '1" , '
a , . , ......................... • « ! .....................    - ........................
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Table 21 E f fec t  o f  ep icoty l  and softwood g ra f t in g  on g i r th  of extension grow th  (cm')

G ir th  o f extension g row th  at fo rtn ight l> in terva ls

i re a l  roen ts 1 St 2nd V d -it h 5 th 1 6t h 7th 8th 9t h 1Ot h

S : ftv.ood g ra f t in g 0 .^0 0 0 .^6 0 l . 020 1.140 1.200 1 .2 8 o l 1.320 1i,360 1.440

Ep icots I g ra f t in g 0.800 l . 020 1.040 1.040 1.180 1.220 1.320 1.460 1.520

SEm ~ 0.0721 0.04-.7 0 .0647 0.0-4 00 0.0346 0.0374 0.0490 0.0458 0.05921



Table 21 E f fe c t  of  e p ic o t \ l  and softwood g ra f t ing  on number of leaves

K’jm b e i of I f a\es ;jt fo r tn igh t ly  in te rva l s

T reatments 1 St 2nd V d ^ th 9th 6th 7th 8th 9t h 1 Or h

Softwood g ra ft ing 2.200 2.400 3.200 3.800 4.400 4 . 6 0 o l 3.400 5.600 6.200

uicotv. gran»ng 4.400 3.600 6.400 7.800 8.600 9.200 9.800 10.600 11.600 .

BE ro ** 0.2236 0.2449 O.223o 0.3000 0.4000 0.3162 0.3873 0.4000 0.3 I62

CD lD-05> 0.7292 0.7988 0.7292 0.978a 1.3043 1.0313 1.2630 1.3045 1.0313



growth had an increasing trend from the 2nd iu 10th fortnight, f or softwood
( I ' '  9 i r th  o f extension growth increased from 0.9U0 cm l lo  I .MO cm 
and for ep ico ty l  g ra f ts  from  0.800 cm to  1.520 ^ ^

Number o f leaves

e f f e H f 1 1 o n  the number jo i j  leaves produced by the 
g ra fts  is c le a r ly  evident f ro m lth e  Table 21 and il lustrated in Fig. 16. Epicotyl 

g ra fts  appeared to  have more number of leaves compared to softwood grafts 

throughout the course o f study. In the 10th nortmght the softwood grafts 

had an average leaf number of 6.2QU and It  hat of epicotyl grafts 11.600.

(n an overa ll comparison of growth parameters of epicotyl and softwood 

g ra f ts  it was found that during the 1st in  5th fortnight there was significant 

d i f fe re n ce  among the trea tm en ts  w ith  respect to g irth  of rootstock, but 

from  the  6 th  fo r tn igh t onwards there was no significant difference between 

the tw o  treatjfnents. ‘Similarly in the ease of g ir th  ut scion also there was 

s ign if ican t d i f fe rence  between the trea tm en ts  uplo / ih  fortnight but iI^Brel 

was no significant, d if fe rence  among the treatments from Mth fortnight 

onward. There was significant d if fe rence between the treatments w ith  regard 

to  length  o f extension g row th  anti number of leaves produced by the graft 

throughout r h r  period o f observation, but there was no significant difference 

between the I m ot m in ts  Oft g l j t h  " I  extension growth throughout the pojiotl

o f  study.

A.8 Anatomical studies

A nut nmy o f t  hr* st cm

In order to  understand the type  o f  cells from w h ich lra l lu s  formation
. i  . r o m  t tire of fiolU ytiuot] and malore stem wasand g ra f t  union o r f i i r s ,  the s t r u c tu n ,  >

studied in de ta i l .  H »  l " l " w '

, , ,. y i miti | M e n .  w il l ,  primary growth was fhe

,       < « « " ........ep iderm is. Ih o e p id n rm . i l  , „ „ l t  lecllulai and
fin a c ross  s e c t io n a l  view. I p i .k r rn in l  ha irs  w.
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SB d7 6 Ce" S in the e,Jidermal B«'ow the epidermiswere 7 to  B m d la>Pr0........ ................................... ..

cons,, e o lh ,c k  wa lled l i g n l l i . d  darkly s j i n e d  cells, whereas enllenchyma

consisted of cells w ith thick primary nonlignified walls thickened much*
3t ths  co rn 0 rs •  B0 1ow th is  w p r n  1 s t 1 *7 1 r .

,S were ]b 10  17 laVers of th in  walled lightly stained
parenchyma cells . An endodermis layer was not very distinct.

L a t i fe ro u s  e lements were seen in the primary cortex, primary and 

secondary phloem and in the p ith  cells. There were 3 to A layers lo f  latex 

f i l led  cells and in te rce l lu la r  spaces between the vascular bundles and the 

p i l l i .  There were as many as AO vascular bundles present. Phloem contained 

fibres. X y lem  consisted ol hbres, vessels and parenehymu. The vessels were 

mostly in rad ia l rows. Sclerenchyma patches were present on the outerside 

of the  vascular bundles form ing a disconl inous layer. Below the cortex and

ext ending to  the  p i th  were ylem rays cuinposod of radiall) elongated cells

conta in ing large quantit ies  of cyl op losm ir inclusions. Some of the xylem 

vessel j con ta ined membrane like lylo9C9 (Plate lb).

In sterns* showing secondary th ickening the epidermis was lined b> 

a th ic k  dark layer. M u lt ice l lu la r  hairs were seen distributed sparsely. Below 

the co r te x ,  s r f lnenchym a pul Hies consisting ol th ick  walled cells were present 

on the  out c ru d e  of the bundles copping the phloem (Plate 19). Starch was 

present in the  fo rm  of m inute granules in the parenchyma cells of cortex 

and p i th ,  however the  d is tr ibu t ion  was more in p ith  cells. The pith cells

consisted o f  I urge l i f j h l y  Ruined if irencM rnD  (Mils- I "  P " "  '-plls lhere 

were large ntimber o f c rys ta ls  and uPln la th ih -rouu  cells.

Fo rm a tion  o f graft ijtm a »

Wherl the  g ra ft  un.ot, wo:,   net, five Stays a f te r  , r . m  ®

g ra f t ,  the  wounded exposed Issu e s  of s to rk  end srion were found Jo b
. i hic k rnat irrcj of dark brown materials on ext emu 

brownish. There was a . . . .  f.„, surf®B».
walla .......... r t o r t * ................ « *  ........  - .......
The ru t  s u r fa c e  w i n  fo u n d  W  be ru p tu re d  at many | al, f l w nocl

i » fit I In' (' ■isi1 ol SO I' woun i 11 mi ih t '  si o( k *»11lo ooIy• 11* fo rm ation  had pm s ta rted



Plate 18
Cross section of an epicotyl stem.

P la te  19 Cross section o f r softwood stem





20 '  e P ic<*yl g ra ft -  5 days a fte r  g ra ftin g .

P in t*  21 -  Softwood g ra ft - 5 days aft er g ra fting .





6 o
69

g r a f t s  callus fo rm ation  had not v r t  ■ i c. .
O  S B . . I  S tarted 5 a f te r  the  g ra ft ing  o p e r a t io n ®
f f i e  E B f l l  end had been rup tu red  and darkened (Plate 21).

was observed in the material collected lb 
days a f te r  g ra f t in g  in ep icoty l grafts. The cell walls at the cut surface

was darker in colour than 5 days a fte r  grafting and was ruptured at many 

spots. Callus was p ro l i fe ra te d  e ither from slock, or scion or from both compo­

nents depending upon th e ir  a c t iv i ty .  Mainly cells in the pith region produced 

jp o iw  callus (P la te 22). I-or soil wood grafts also callus formation was observed 

npostly from  the p ith  cells, but callus production was lesser compared to 

ep icoty l g ra f ts .  The gap between the stock and scion was partly filled by 

callus tissues (P la te 23). The original cut was easily traced where stock 

and s ci on r is sue Hi w l* r 6 r 10 c rot 11 *•

A ca l lu s  b r idge  was seen fo rm ed at abaoul 4b days a f te r  g ra ft ing . 

The gap b e tw e e n  th e  s tock  and scion was com ple te ly  f i l led  up. There was 

re m a rk a b le  d i f fe re n c e  in the  response of d i f fe ren t cells to  produce callus. 

I c a l l i i ,  p rod ' i t ion was very high when p i th  ce lls  came in contact w i i t i  p ith  

cells con  pared , to  p i th  ce lls  in contact w i th  co r tex ,  xy lem and pholem tissue 

|P la te  24). f o r  s o f tw o o d  g ra f ts  til so ■ a l ius  production  was almost complete

b /  t his s tage f'la* e 2 n .

The gr.nft un ion  was co m p le te  l.y ib o u i  > months a l jo r  ih e  g ra ft ing

o p ,. ,______  i ■ ■ • . I I - ......................... wos s o . .....................................................
grafts and also .hare w e L  Large num ber ol langrnLml lon|tudnal dmsmns 
in the p,th regmn of ,he s to rk  ol the e,.icol>l grails tPlale 2‘>’• 1 ullus

              ; ;  ; ; ; ;
had occu rred  (P la te  t l h  ' "  " r " " “ u l , °  U" ,“ ‘ ^  7 " '

,, ,,/n Hut I h r  c u m b i l  bridge formal loo was 
•90 days a f te r  ih e  g ra f t in g  Operamm,

t l ie  case of e p iro ly l  grafts  ( I ’ lalO 20).
not so disi inct ns m

t In» cells of pub, p i l e ’iri, \>lem and

“ - s z z z z '— -    -  -cambium and tlw ini en y .
grcat iy .  P d h c e M s  produced    | P *  »»■



Plate

P I * *

22 - Epicctyl graft -  15 days after grafting.

I

21 .  Softwood g ra ft - 15 day* a fte r g ra fting .





P la te  24 -  E p ico ty l g ra ft -  45 daya a fte r  g ra ftinq ,
■  ■  i i i  h u  ■ T p w >

i __ r» /i*j duvn nP pr nr*"'P-*
P l^ tp  25 -  Softwood nro ft -  '»>







\'K'W
. V* 

. s •»> 
*

■ 
•

- 
*• * 

+
 

,
. 

 ̂t
5

!
-

v
;*

•*!%
• 

r 
.

* _
• r

 *-•
»

■»
*

 
-*

E
* a 

. 
*

7 •- K
>: 

%' * 
: ,

• 
V

 ; 
>

*•%* r • 
J

•m
:

•X
S

B
■

••rs
:>

' u
 ./.V

 m
 4>.

*•*; 
jr 

■•’ 
' * '

• 
». Ai; ‘'ij

'•
?P 

»' :,k * * 
4 'k 

•»» 
-

- 
-;V>. 

. . 
•

1 
•*

• v\-, 
« 

•
‘Ik 

• 
»

, Va '«•
.i 

t
VfJ-V.
'•i1 •

#* -
fm

* 
» 

it? *
m

- 
*W 

•»
I? 

j

—*

* 
ia-

. -

, 1 vA
.

■
jr ̂ 

• 
4

j -V.

i 
 ̂^fc 

• 
4

• »1 
i

_ 
■ 

m »
*wL *»• 
- - •
* 

«

_> 
> ;

r- 
•

..'-nv. 
.

--#pr w« 
•

* 
j 

m *
i 

'* # TBfc
-* 

• Mj, *
*

PS?
v -

S
 

<
0

iT
w

a

a V *
•

 ft 
.•

V -. *
r 

X Vl
AHB

. -r

*

• i:'/

t 
 ̂

4 
#

%

 ̂
ILA-' *

- 
• •

•
* A

 
•

■
 .*k

.#• 
>

 OjV*
4 

1
w

0

» 
«

_
J

±
L

9v ■*
% 

 ̂-





s*-:
M

h
n

■%
Km

if C '̂
P r«i™

.
f TCfiP

9 ~

I I

*



* '51 , F o r r r 'a f r t n  o f  n  I  h i c k  necrntir ciwkpoed l«y»?r h©Lw*<»n





Plate ’ 2 - Excessive callus production bet wean the stock and scion hit
was got. 0n hLt no pr°Per unio

Plate  W
CO. surfaces o f bark and phloem sometimes come Into contact 

and hence no callus format, ion.
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Heasons *o r  l,Milun>

E xam ina t ion  of dried uu n r i i t .  . i .
1 1 -'bowed I luti the absence of callus

production between stock and scion resuited in a wide gap between the 

stock and cc r:n  (P la te 50) whtch led to  failure of grafts. In some grafts 

there was the  formal ,ui, ul a lih.c-k n j r u t l  darkeiiedi layer between the 

stock and scion P late 31). Alsu there were g ra i ls  in which there was excessive 

callus product ion between the slock and scion, but proper union was not 

got which led lu  fa ilu re  of the g ra i ls  (IMalo 52). In sume other grails  the 

cut surface ol bark and phloem tissues came in contact and hence there

no proper callus production and herice drying up ul grafts was seen (Plate 33).
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scussion

I Ik* most pupului inollnu i , i
f  m m atu re  r in  f P^PayaUui. ... jack is by seeds obtained
from m atu re  r ipe fru its ,  but her* n ,  T3 M  H f t f l j

progenies exhibit wide variation
on acroun t o f the hetcro/vnm.. >

** i*i uro of the i i c*n. Si tidies have been 
made by vartous workers on the possjbillty of vegetalive propagatjpn |n

jack. P ropagation  by means of cuttings though possible (Chatlerjee and 

Mukherjee, 191)2. is not very consistent. A ir  layering has been suggested 

as a new techn ique for inducing early bearing in jack (Singh, 1961) but 

field m o r ta l i t y  is very high and hence nut recommended. Approach grafting 

eventfu iug l• sin i c v . lu l  m jack (breunivasan, I9/(J and Nu/eom el ul., 19U4) 

is very cumbersome, because ol the ta l l  and scattered nature ol trees. 

Hence the need for a suil able method ul vegetative propagation of selected 

types is severe l.  fe lt  in jack.

R e ce n t ly ,  epicoi yl g ra f t ing  has been standardised in jack lor the Konkan 

condit i o n . (K o l i  k j r ,  1979; Gunjate ei^ ah. 1900 and Harmekar, 19UCJ). The 
encouraging results  obtained in the Konkan region ol Maharashtra on the 

large ... .1.- m u l t ip l ic a t io n  t.l jock, cashew and mongo through epicutyl

L o f t i n g ,  gave at. ,ru t ,a l ive  tu  t r y  ll.ts method and also soltwood grafting 

sys tem ., i.. Oily I *  'h e  College o l H ort icu ltu re , Vellanlkkara, Trlchur, Ker tie.

The s u e r , -S'. „ f  v e g e ta t iv e  propagation  mainly depends on seat , age «t
, , ... ,,, at I e not was made lo  standardise these fuetots■rootstock and scion. Here on a m  .np

for ep ico ty l and ’.nMwnnd r jru fi ing .

b . \  | 5 taT da rd isd t  inn o f  season

. sugcess uf vegetalive propagolion in fruit
Seasonal  .......... .. . ,„ „ |h , l ' ' V ;  /V.adnllah and Khan,

crops Is on cst olMr.h.’ d fal1 ^  )97B; Upadhyey and QuptO, 1979;

\ m \  Sukja, V>v»\ f lartmann " M ' y (l<liM L  Harmekar (1‘. |0 )

DSngaJe, I960 ; J*> " ' "■  maximum sureess n( 9S pe. cent
showed that for rp ico t yl gr » "   ̂ hy M # r h  nn(, April.  Sucrese
was obta lne tl m the hn in lh  of ■<■«'  ^  Sflpl which

ranging r.Z-V to  <*■> 1



*39  reduced  in O c to b e r  (V j 6

(Gunjate e t aL , 1982)> A ^  ‘ ^  CGnl) and November (35.5 per cent)

rnuriiju revea led  I h;il t | „ .  p,T lV l l | | | j  | B 9 f l 4) 0,1 s,0I,c qraftinq in 

cent) when g ra f t in g  V/as d JS X d  * ** BU‘ C, !*s w^B i| j ! ) io a t  1(69.30 per

per cent.. The highest percent a T ' 7  AU9USl and ' ° WeSt Ma> l2° '6 
o f  August (30.66 per cem I r n success was recorded during the month

. . . followed by September (22 per cent) Mav (21
per cent) and M arch (18.66 per cent) fen , • - *

(Shylaja, 1984). The results of the
pres estimation Indicated that the best period for both epicoty, and

suftwoo grafting was during the month of June under Kerala conditions. 

There w a sa very high percentage of sprouting of epicotyl grafts during 

the m onth  o f  June 03.3 per cent), whereas sprouting percentage was very 

low during all o the r months o f g ra ft ing  as in July (7.22 per cent), May

(5 per cen t)  arid August (3.09 per cent). Compared to epicotyl gralts softwood

grafts  gave a low percentage of success. Bui fur sofLwood grafts also

maximum sprouting was in the month ol June f7.22 per cent) followed 

by July arid August w ith  1.1 per cent and May with no success. Likewise 

there was ali.o a very high percentage el survival ul epicotyl grafts during 

the m onth  o f  June (61.67 per cent), whereas survival percentage was very

low during all nth* i months of gra ft ing  as in luly (5 per cent *, May iLU'*

0er cent ) a r i d  August '2.7M per cenl Survival ol soil wood grafts was

also m ax im um  in the month of June (5 per cent), followed by July and

August (0 .5 *  pet < r n t ) and May w ith  no success. These observations led

to the conclusion that epicotyl grafting was the best method of propagation
, . , , thf. host month suitable and that softwood grafting,for jack and June was m i m u  mum

i l i f t  i i i p̂pi wu9 (inly possible in «)ijih>* Tbisthough w it h o low p c r r rn l  <m|<- Of tiucci jj wos y I
. . , , ,  . I , , ,  ri'iiori ill rnuny wJiikerti (l)hokul, 1979j Gunjot#13 in ar f f ir< Im ce  w i th  h I

1902). Studies by M o .l. o»d B»wu.
el a ., 19B0; H a rm eker,

y , tjn,a n O  won dorfr i |  mongo.during June-
(1900) showed th

, .u c W s s l f l  g ioh o vnncd from '>0 to 96 per rent.
July, the  p e rcc n ta g r  » ■ w in -  done ... mol June wo.

The success perr r r.t nr). <• ■ ^  r,t i r r ( .ss was m .irb l lnwer (70.6 per

ItlO per re n t ,  fflowevnr in rr (* inciti el ,d*» Ml1ximum success

cent) an rr im pnred >" ,|,,iied In tiirjh ra in la ll and bigb relative
in the m onth  u f Inr.e might he •* ^  m in fn l l ond relative

, fMV pssent i f  I l,,r ()l
humid ity  w h ich  «rt



and 86 per cent respective ly Succ ^ m°nLh of June were 632.1 mm

softwood g ra f t in g  was done d u r ^ T  UPt°  ”  ^  ^  W“  reported when 

rature was 33.5°C and hum id itvn9aB ^  mea"  tempe'
percentage o f  success obtained d T *  {Sr'M a ’ 1985)‘ The hi9h 

. during June could not be attr ibuted to
weather param eters  alone Tho -u-i- 

^ ssibihty o f the physiological conditions 
o f  s tock and s c o n  infiuencing the success in grafting cannot be overruled. 

The success o f  g ra f t .ng  may also be influenced by growth habit of the 
mother t re e  (Mukherjee and Majumder, 1964).

3.2 S ta n d a rd ise io n  o f age off rootstock

Am ong the  three age groups of rootstocks tr ied for epicotyl grafting 

during the  course ol investigation it was found out that in it ia lly, eventhough 

there was s ign if ican t d iffe rence between 3 day and 13 day old rootstock,

f ina lly  th e re  was no d iffe rence among the three age groups tr ied viz.,

3, 10 and 13 day old rootstock. M jx im urn sprouting of epicotyl grafts

was ob ta ined  for 3 day old rootstock (29.30 per cent) followed by 10 day 

old root stock (27.08 per cent.) and 13 day old rootstock (17.92 p t i  i t n i  . 

S ta t is t ica l ly  the re  was no d ifference between 3 day and 10 day old rootstock. 

But su rv iva l rate-, o f 5, 10 and 15 day old rootstocks were 21.67, 18.33

and 15 per cant and thay were on par. Only 2 month old rootstock survived
f, rr i nrcift a Studies by Dhungana (1904) showed that in the case o f softwood g ia i ts .  j i u u i l j  uy j
■ / i n n  r w  ren t)  was ob ta ined  with 3 day old stocks the highest surv iva l (58.0 pof cenw
, > rif>r rn iM 'd to  30.(Jilland 52.00 per cent respectively

and tha t  the  surv iva l rate decro c h i -,
, ,i from 5 to 10 and 13 days. Studies by 

when the age o f  stock increased from
► i nrnfti iU l in cashew revealed the fact that 5

Shylaja (1906) on ep icoty l grnf I
i  ct neks were equally good and that 15 day old root 

day and 10 day old rooto ■ J  ^  e a n M IM  studies ,n ihe Konkan

stocks were lunsuit able. (,l,r ' l d e ^  lwo w(>pk ni)P rm ,uj |30 used

Iroqion and found out that r  ̂ of stock seedlings ndvnneed the

for stone g ra f t in g  in mango. A. iOflr>). The high perrentuge
i ' *1 (rj|rtn11 *i iM*i

gra ft ing  Buccea* was r e r u n  « „  ft wood gratis might be due to more

of success o f  ep ico ty l g ra fts

humidity under Vellanikkara
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in

was

reserve food material available in th
a c t iv i ty  compared to  re la tive l & S V f l ^ B ' a n d  meristematic
Srivastava (1981). ^ ^  8tocks as reported by Singh and

was s ign if icant di ffereffih* I cl . , H  Hw m  JE. , I n  ■|B®Kw,een 5 day, 10 day and 15 day
old roo ts tock  m manv fnptr.ir.hho • ^ ■  ^ n l i i f l  P a n
m m  m  I  h i r e g jp | |  to growth parameters

Juno* ln t,,e 1st> 6th, 7th, 8th and 9th fortnight there 
no s ign if ican t e f fe c t  o f age o f rootstock on the girth of rootstock. In

the 2nd, 3rd, ^r.h, 5th and 10th fortnights age of rootstock also had signi­

f icant e f fe c t  on g u th  o f lootstook. In these fo rtn igh ts  there was significant 

d if fe rence  between 5 day and 15 day old rootstocks and in the 3rd fortnight 

there was s ign if ican t d ifference between 5 day and 10 day old rootstocks.

mean value o f g ir th  o f rootstock of 5 day and 10 day old in I lie 2nd 

fo rtn igh t were ).'»0 cm and 1.42 cm and that lor 10th fortnight were 2.03 

and 1.95 cm. Age ol rootstock also had significant elfect in the 3rd, 4th, 

5th and 10th fo rtn igh ts  on the g ir th  ol scion. 5 day and 15 day old rootstock 

had s ign ifn  int d if fe rence  and the mean values of girth ol scion in the 

3rd fo r tn igh t were 1.46 cm and 1.1) cm and I hat for lOth fortnight were

1.88 cm arid 1.78 cm respectively. In t lie  4 lh fortnight there was significant 

d if fe rence  be tween 9 day and It) day old rootstocks, the mean values 

o f  g i r th  o f  scion being 1.53 cm and 1.48 cm respectively. Age of  stock

also I   . Ign if . i  w* e ffec t ....   jrowth o f scion in the 3rd, Mb.
i In* miimm vulucs of extension

6th and Huh I ' " "  '............................ ................
.. . , m rf.ninLodk wiBe 1.87 cm and 1.40 am andgrow th  o f  5 day end 15 doy old ro o t , lock w

that for 10 h fo r tn igh t were 10.05 cm and 9.42 cm respect, I h e e
„  r d iffe rence  between 5 I j  end 10 day old rom slock In the 

was s ign if ican t d i f f . r  growth being 5.HB n o
5th and 10th fo rtn igh t the mean values o l | |  _

and 9.52 cm for the III day oldirH i i n.n > QfT» ai *» • - -
and 5.4 3 cm for the ' a7 a , f| . fTert of ngo of rootstock

-• oln was s m t i re in t, rhaRe wasrootstock r n s p e r  Mvniy. . . .  j, ffjh and j t t h  fortnights.
■ i. iri t lie 2nd, ^rci, » 

on g ir th  o f  extension gro  ̂ ^  ^  Q|d root slock and 5 duy

There was d iM c i 'n t o  hf.tw i p . ' f  loitnnjhts. In lit® * * M 11 hu tim jh l

arid 15 day old root t.i o< k



the  g i r t h  o f  ex tens ion  g ro w th  o f  5 Iklv - „ „ i  in  ,
y ncl 10 day nnd 5 iiay unci is ld u v

old ro o ts to c k s  w ere  1.41 cm anri t ?ci
H E X  Cm and 1' i"  cm and 1-29 cm respect!-
ve ly . [Age o f  ro o ts to c k  had no s iqn if iran* o f f U B H l J  J H H M  M l

h M M  . J M M lH M S M t t iM i lv  number lo f  leaves pro-
duced. he d i f fe re n c e  in the  g row th  parameters m ight be due to  the fact

th a t  younger stock., con ta in  more reserve food m ate r ia l and due to  higher 
rn e r is te m a t ic  a c t i v i t y .

5.3 E f f e c t  o f  in t e r m i t t e n t  m ist
t

ana lys is  o f  th e  data ind ica ted the benefic ia l e ffec t of Iroisl on 

g ra f t in g  success bo th  in e p ico ty l  and softwood grafts . Mist condition u l t i ­

m a te ly  inc reased  th e  pe rcen tage  take  o f  g ra lts .  About 90 per cent success 

was ach ie ved  by c a r ry in g  out veneer g ra f t in g  on 4-3 months old polypot 

seedlings under c o n t ro l le d  m ist cond it ions (Muniswami, 1979 b). The results 

o f  the  present in v e s t ig a t io n  showed tha t there was signif icant d ifference 

between m is t find open (•1111111111111'. on sprout mg and survival ul epicotyl 

g ra f ts .  The sp ro u t in g  was more m m is t cond it ion  (30.83 pui cent as against 

open c o n d i t io n  (18.09 per cen t)  and surv iva l ra le  was also high in mist 

co n d it io n  (22.5  pe r cen t)  os iigamst open coridii ion (16.17 per cent >. f o r  

so f tw oo d  g ra f ts  also th e re  was s ign if ican t d if fe rence  between mist and 

open c o n d i t io n  on sp rou t.ng ond surv iva l o f g ra f ts .  The sprouting was more 

in m ist condo - -  - '  ----------------   g a in s t  open (0.8 33 per cent le n d  surv.v.1
, .«* r r . ru l i tm n  (2 .1* iniP cent) us against open conditionra te ,  was also m ore  in m is t cond it ion  u .  i

................... ,, L/oh ij (1905) showed that in mango rp ic o ly l
(0.36 per c e n t) .  R eddy  and K o h l l  i f f ?  , lv imhl.r

, i n rn f t i  were k rn i  in the  mist chamber
g ra f t in g  was success fu l on ly  when

where te m p e ra tu re  end humulMy were h igh,s.

, o v ir men  .....    W(' h
Superioriiy  ot m u  h Mist i nndif ii«5 wni signincanlly

respect to  g r o w t h  parfimH 1,1 (|i(, i ort nights
Hi i In* ’ tut, 1 " i  *

■ s u p e r io r  to  open con d it io   ̂ miim<ihl * ,,r mu* on
w ith  re sp rr t  to  rjirt h of rn n t ' . to rk .  ^  , ^  ^  ^  ^  end 2.0“

value o f g i r th  o f rnnl t "< •' " " ' I '  1 "  ‘ iM fM vlinH y.
y fit11 ri WK'i I s ’" '

cm resperl ive ly  wheieos t h " 1 , i ,m . i . ' ■ ' " "  '
I  r ,  tu.i showed soi*,i I o

1 Mr rjirr h of §c ion ol
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and open cond it ion  in the 2nd, 3rd, 4th, 3th end 10th fortnights. The mean 

values o q,r o f s c o n  under mist condition in the 2nd and 10th fortnights 

were l . J » m  and 1.37 cm and that under open condition were 1.31 cm 

and 1.53 cm  respective ly  In the 2nd, 3rd, 4 th f  5th, 6th, 0th, 9th and 10th 

fo rtn igh ts  m ist conditions had a significant effect over open condition 

on length o f  extension growth. In the 2nd and 10th fortnights the values 

Bor length o f extension growth under mist condition were 3.13 cm and

11.24 cm and tha t under open condition were 1.79 cm and 8.09 cm respepcti- 

vely. S im ila r ly  g i r th  of extension growth under mist condition was signi­

f ican t ly  superior than under open condition in the 2nd, 3rd, 4th, 3th, 6th

and 10th fo r tn ig h t .  In the 2nd and 10th fortnight the values for girth of

extension g row th  under mist condition were 0.79 cm and 1.40 cm and 

under open cond it ion  were 0.70 cm and 1.23 cm respectively. The effect 

of mist cond it ions was significant in all the fortnights on the number 

of leaves produced. In the 2nd and 10th fortnight the number of leaves

under rnisr condition were 4.13 and 11.47 and under open condition were
2.07 and 7.53 respectively. The beneficial effect of mitt i ould be attributed 
to  the  presence of high humidity which prevents desiccation and keeps
the cutr mgs cool thus reduc ir..................................>"d rasp I r a t    resulting

£ . » , ,if,,.| f,,r rootino and sprouting vBose et_ eh, 1972;in a cond it ion  most ideal m r rout my

Singh, 1976 and 1980 <>"<' ond M olll“ ' ' '

5.4 A n a to m ic a l  studies o l the  graft union

lh ,  graft union ol both epicotyl and
D e ta ile d  anatom , . ,n g re lt union S ir., development

softw ood g ra f ts  revea led  I  ^  l.anlbl, l bndge.

o ,  pre-callus, 4  ^  ............. gratl u n iJ s n d
Radhamnny '1 ^ H ) j j j a l * °  rrrport  ̂  ̂ ,,r«n.8»g mango. Julieno

that g ra f t  tin ton was romple i >' 1 ^ ,,|,.,.r u 'd  I hnl I be hrsl stnqe
(1941) s tud ied  t h r  inline, . leve l, , ,m m ' ^  r#||u,  lMlshion in

in the fo rm a t io n  o f  ( f Bfr hurt nnd lpn " ,  I"
i , ,.l 11.ii i ' ih hym ' •

the gap th ro u g h  ,v



after grafung j  l h u i
fo rm ation  s ta r ted  profusely 1 5  da s Pre-callus stage, and callus
the g ra f t  union was perfer-Mu ^ offing. By 90 days after grafting

■e  ? ABjjLiy complete 119 I I
stock or scion or from  hnhh „  u' a,lus proliferated either from

ra s m  ooth componentq ^
conducted by Lu th ra  nnri cu Pending upon the activ ity. Studies

7 111 “  sncl Sharma ( 1 9 Ziâ  u
occurred occasiona lly  from S ° Wed lhat callus Production

the p i th  also. Gambia, ,ay ^  2I T  ™  * " *  Ce" S *
the callus on etockside but were L"  s lra iOhl in l°

by Ratan (1905). The growth I " J * ...... " "  °C'° "  “  rBpQrt0d
ess actlve ° n the part of scion for some

grafts  and less a c t ive  on the part o f stock for some other grafts. Auranov

and Jokovic  ( 1 9 U ,  also observed that callus formation differed between

the v a r ie t ie s  and was highly influenced by rootstock and prevalent weather 
conditions during previous growing season.

G enera l ly  in th is  study callus was seen produced from cambium, xylem, 

phloem and rno t t ly  from  p ith  cells. I In* grail union was complete by' 3 

months nh. r gr i t t in g .  Several continuous layers ol tissues were seen between 

the stock ind scion, healing the wound and ih r  graft union was completed.

Work conducted L>/ f  hakrabn iih i and Sadhu ( iv f l ‘») showed that new xylem

produced subsegment to  g ra ft ing  was shifted cireumferenlially in the direction 

of 9Cion at I h r  [joint d i ie c l ly  beneath the original wound. The breakdown 

products o f dr..d  t i l l s  on the surface of slock and scion formed a necrotic 

layer. In tact cells next to  necrotic layer enlarged, divided and lormed 

eallus 11 iu w h ich  f i l le d  the upon- left butwaen .took and .c ion (Esau,

1979).

f it i. r;iii(lM‘il nnd mfiilnh cjrsiti fu ilurrs
Reasons fnr fa i lu re  Of ' I " ' ' 1” wl "

rp rpcn. In some grafls fadure was duo to  the 
due to  four reasons were seen

rw  f /,1 (lays nfl «|f grafting, remilf mg m

tack j f    ,: : : ; ; ; ; : , ; r ' , 1d   a *  j l + \ m
a wide gap b K w r e n  croi j r  layer In the wounrled exposed!surfaers
to l  formal inn o f  a v,‘ r y 1,11 nP . . ,, |(.k m.(,r0| j r  layers were

• m i l e  ( 1 9 7 1 )  r e p o r i m l  t h . n
ol s lu rk  and Baton. 1 ^  during w r a p p i n g  which contlilaut«d

formed due to  deep C|l,s fmlure euul'l be mis.digued mlIriinge-
\», ,i h f i  r e n a o n  kto  g ra ft fa ilu res. Arint n»



n.rril of ram b ia  n f  stock ^riri seion fi r.
,un \l«6. rambia not I * 

o lh rr) .  fr> some rases I h r  r ,,R o n . ymg °PP°sile Lo each
r,,r- end v/as bel ween nftGKM

hpnre no proper r a i j s  fo rm ation  occurred * 1

Ratan f 198*>) observed no cell Hirr 

stock even a f te r  7 days of g ra ft ino  c T "  ' 0 t ' ° n ,n the c,)t portions of

matched stock and sc  resulted in v'e T ”  ' 9?8> *t8l8d
' r> w Cambial union and delayed

 ....... . Th,# a tr   importance or skill and care  .
operations.

I " ' l i r : ' 7" " '  1946) observed excessive growth or parenchy­
matous ce lls  be tw een stock and scion and distortion of xylem elements 

that hlnrkr-d ' tin r otir iuri ing vessels which later inhibited ihe movenvril 

of water fr i- r. r « rulf ir>r| ,f , . „ n failures. Turkovac 1961)

observed » ' r r s s iv t  i i r i r l i f f f  r rn l  io lnd callur. nr otlior irregular growth

si tbp Mi' m patibh  combinations o f stock and scion.

f irnera ll ly  snfi wood g ra fts  produced lesj; amount of callus and 

the grad union fo rm a tion  was slow compared In rpicol yl grnfl; . Iliir.

mighl h r  elm* to  I I ir far I l ha I Ihe ep ico ly l region being lender mighl

be jn 11ie ir i i v l  grri 'vmg si age and hence respond faster and g in li

u n i o n  is f i ir r ip  I r  I / r I ril l  l y . I I I I !)  m a y  l i e  I h e  | • ; im n i I n i  I l ie  h i g h  p e  I r i i it «igi*

nf g fn f j l a in  m r p r m f v l  gi iff a t ompared I n Ntjfl wUOd groll s.

I | i r  rii v I gi nfi i i h i  w m found to  have n veiy IBgh porreniagc ..I

surfcess wlmti flnue on 5 day did WcdlnKj node, null con ...... *
................  i im ilorl  ......  ..................... ...................... " ........

„  lone Analo n o c s l  s t u d i e s  revealed *  Slopes ol
H 1 nsf; if | I hr • f r if ir il I i rw " fi»f •
I f  , , t j )  ( n I ll/s si Age ( *II,J8 BlHUqr fmmnlinn
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SUMMARY

Investigations on ep icotv l '-.nri r
f h , pnlli»o»» r i_j S° W00Ĉ 9rafting in jack were undertaken

at t h e  C o l le g e  o f  H o r t i c u l t u r e  VpII- . . . .  V H M  K flK  8 8  I
oq-t a ,,p i iqq£ ’ ‘^ " k k .n a ,  T r ic lu ir ,  K e ra la  f ro m  June

198/ t o  A p r i l  1989, t o  s t a n d a r d . ^  »* H T  I  H I  I
,e season o f g ra f t in g ,  age o f  ro o ts to ck  

and e f f e c t  o r  i n t e r m i t t e n t  m is t . . . . r w  h ^
humid t ro p ic a l  cond it ions o f  K e ra la .

The s a l ie n t  r e s u l t s  o f  t h is  sturiv nm. o.|J ara summarised below.

E p ic o t y l  ^ r a f . i  ig  ./as tound to  be superio r compared to  so ftw ood  g ra f t in g .

There  w as a , * r .  h ig h  p e rce n ta g e  o f  sprou ting  o f  ep ico ty l  g ra f ts  during 

th e  m onth  o r - • i.B/,3 p e r  cen t) ,  whereas sprouting  percentage was very

low d u r in g  all o ther months of g ra f t in g  as in July (7.22 per cent), May

(9 p e r  c e r t  a' J J.09 pe r  cent). Similarly the re  was also a very

high percerrac,- j :  survival of epicotyl grafts during the month of June 

I61.67 per cer* . . . f en as survival percentage was very low during all other 

month* o f  gr i g  as in July 5 per nt), May J.B9 per cent

(2.78 d> r ■-r* - ur e was found to  be the only season suitable for epicotyl 

g r a f t i n g  in i . *• j  " w  ^d gra fts  recorded during the month ol June a aprou-

tin g  o f  ; . . .  •••-• by L l
MOy w * t  o aucceaa. June though w ith  a law percentage of aucc. « «

n d  to  be th e  on ly  M e lo n  .unab le  for w l tw o o d  grafting in jack.

old root stork rere.rdrd the maximum percent-
I— - » . -  ; r» r . f f  i f ,  \ 7  Ui l  / i_n«jn e u i c r c y i  rtj» • i ’ . n . > .per re n t ) followed by 111 day old

r ^ . r r r f .<• If ill Itii ,I') 15 of 5U< C* I 1 , , M i  o i  m»r COiit )If,  inCl 15 «lay old ronl stoc k (17.92 pi r cent .
- . i i ' l l  fim nf*r CPfrf / onu /

, ro..............          d '
■' | rot* of groft howod i hat there was
11 1 0  ' l 3 ‘  oW lh| , ,    P*. IhB aurvival pet

significant dlff«r*nce be ■' ........ actively foi 10 noil !'• day old
11 t 7  1H. U  and i ’ ' »mages bslnQ Z1*o •  ̂ ^ ,  nth o ld  rootslocl p ro u te d

o t - j t o r k .  In t h e  case o f  sn f 

d hence  t o n s .d r - rcd  I o h«‘ »»-* h rs l  *

.  .1  m * r n  •|,r<n," " n B,,tl >urvm
The p e rre n te ^n  1,1 ^  im n p u trd  m m y i l " - « f " “ "  1 * ■* ' " ul

l h  e p ico t  y l  a n d  “
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Appendix I

Monthly weather data w ith  per cent sproutinq and surviva l of ep icoty l grafts

Month of 
g ra ft ing

Sprout inq
(%)

Sur\i ivol
(%)

Temperature C)C Mean 
re la t ive  
humidit n

(%)

Rainfa ll

Mean
m a x i m u m

Mean
minimum

Quant it \ No. of 
(mm) rainy days

average

Me> 19BB S.00 3.89 7• 23.4 76.00 242.6 6

June 1989 83.30 6 1 .t>7 30.0 23.7 86.00 632.1 23

July 1988 7  9  9  / -. 3.00 2^.0 23.2 H bb.oo 343.0 26

August 1989 3.89 2.78 9Q 2 24.3 86.00 307.8 25

i

t



A p p e n d i x  11

Anahsis  of variance for the e f fec t  of d i f ferent t rea tm ents  on g i r th  of rootstock at fo r tn igh t ly  intervals

kp■lean sqjares at fortn ight 1> intervals

source d t ' ql 2na "'rd 4t h 5th ol h 7th 8th 9th 10th

\ tdw n cr it — 0 .0 0 '* * 0.014** 0.011** 0.007 ** N5 
0.00 a 0.23 0.2 ] 3N -’ 0.23 F S 0,2 64 * * 0,013**

Error -i5 0.00? 0.003 0.034 0.002 0.00? 0.205 0.174 0.184 0.118 0.005

M's 1 n n n  U. L - 0.085 0.033 0.040 0.027 0.033 0.108 0.075 0.705 0.065

rvo 2 r nruU» L»U*t 0.016 0.036 0.009 0.016 0.052 0.052 0.031 0.890 0.016

W.erac’ iDr 2 2.00*-* 0.001 0.002 0 . 0 0 0 0 . 0 0 0 0.001 0.004 lo. 003 0.182 0.006



Appendix III
Analysis of variance for the e f fec t  o f  d i f ferent t rea tm en ts  on g i r th  of scion at fortn ight ly  intervals.

Mean squares at fortn ight Is intervals

Source df 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

T reatment 12 0.0Q3NS 0.009** 0.013* * Q.009+* 0.005** 0.199NS NS0.160 0.188NS 0*197NS 0.020**

Error 45 0.003 o.ocu 0.003 0.002 0.002 0.178 0.154 0.164 0.172 0.005

M ’s 1 0.005 0.00-4 0.09b 0.0C6 0.016 0.021 0.021 lo .  048 0.085 0.133

D ’s 0.002 0.036 0.012 0.013 0.016 0.012 0.042 0.056 0.021 0.025

Interact ic^ o 0.000 C.003 0.000 0.002 0.001 0.000 0.002 0.009 0.004 0.005

T at a 1 57 — - — - - - - - - -

Significant at 53c level

** S i g n i f i c a n t  at 1 c a l e v e l



Appendix IV

Analysis of variance tor the e f fe c t  ot d ifferent trea tm en ts  on length o f extension growth at fo rtn igh t ly  intervals.

m i  aqunre at t in ; mg!i' In intervals

Source df 1st 2nd i r d 4t h St h 6t h 7th 8th 9t h HU h

Treat ment 12 1 »«**4 1 6.01 5 * * 7.218* * 6.057 * • 7.147* • 9. S3 8* * 9.3 7 5* * 12.919* * 7.600* *

Error 40 CL 112a I I ik 0.118 0.972 0.12S 0.193 2.33 6 2.988
%

3.597
a

0.19.5

r M's 1 13.872 62.064 11.224 S9.S02 72.07S 60.209 60.209 B3.000 74.419

D ' s t 0.128 0.561 3.841 0.632 0.637 0.703 1.710 0.637 1.159

Interaction 0.003 0.112 28.09c 0.010 0.061 0.002 0.190 0.3 58 0.042

Total 52 - - - - - - - - -

* Significant a: 5°o levPl

Significant a: 1 °o level



Appendix V
f

Analysis of variance for the e f fec t  of d i f ferent t rea tm ents  on g i r th  of extension growth at fortn ight ly  intervals.

Mean scluares at fort night Is int ervals •

Scarce df 1st 2nd 3rd -it h 5t h 6th 7th Bth 9t h 1 a  h

T r eatment 1 ° 0.019** 1 j n '*"' » •L • - m. * 0.01 5* * NSO.OOn 0.01 S** NS0.076 0.075NS 0.111^0 .03  6*"

m- I* ■» r* , 0.007 0.00-4 0.005 0.005 ■0.004 0.076 0.056 0.091 0.008

M’s 1 0.065 0.133 0.033 H o .  040 0.120 0.147 0.120 0.176 0.225

D's o 0.016 0.057 0.052 0.003 0.021 0.025 0.036 0.067 0.76

Interact .cri n 0.01 6 0.002 0.001 0.000 0.001 lo .  004 lo. 000 0.014 0.004

Tc: a. 52 — - - - - -
•

•

* S ig n i f i c a n t  a: 50& leve l

*"* S ignificant at 10o leve l



Appendix VI

Analysis of variance for the e ffec t of d if fe ren t t rea tm en ts  on number of leaves at fo rtn igh t ly  intervals

Mean squares at fort night ly l in t  er\ als

Source df 1st 2nd ' r d •it h 3t h e>th 7th 8th 9th 10th

Treat ment 12  ̂ S - i * * 5. 30^ • • 9s o ro t 9 8.24 1** 9.822* * 12.806** 13.402** 17.454 **  16.413**

Error 40 0.2 7 0.^-4 0.23 9 0.467 0.310 2.555 2.616 0.000 0.251

M’cw* 1 38.800 38.800 70.333 73.633 80.033 73.633 86.700 128.133

P 'c 0.300 0.933 0.533 0.700 1.300 0.700 0.533 lo . 533 0.100

Interaction 0.033 0.000 0.000 0.233 0.233 0.033 0.133 0.000 0.033

T ot al 51 • — _ — — — - •



Appends VII

Analvsis of variance for the effect of epicotyl and softwood graft ing on lg i r th
of rootstock at fortnightly intervals

Mean squares at fortn ightly  intervals

Source df 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 1 Ot h

Treatnnent l cu ce * * C.-Q 0.0-j9 * 0.081 * 0.081 * 0.025 0.001 0.009 0.001 0.009

Error 8 0.00- O.OOj 0.005 0.005 0.008 0.010 0.007 0.002 0.002 0.002
i otal 9 - - - - - - — wsm - -

*  S ig n i f i c a n t  a“ 5 0  ̂ l eve

“ ‘ S ig n i f i c a n t  at 1 3o lev



Appendix VIII

Analysis o f  variance for the effect of epic r > softwood grafting on girth of scion at fo r tn igh t ly  intervals

K! a'' squnres nt fortnightly intervals

Source df 1st 9nfi •»: 1U 3rd at h 5th 6th 7th l e t  h 9th 10t h

~rea* ment •i 0.100 * * 0.06- m 0.049 • 0.04Q* * .06-s k* 0.081 * 0.0491* 0.016 0.016 0.01)9
Error 8 0.0C5 . 0.005 0.00^ 0.002 0.008 0.009 0.000 0.011 0.005
Total 9 — — - - - - - - - -

• S iq r i ' i c a n f  at 5°a Ie*- el

** S ig n ; f ic a r r  at 1 Ho l^-vel



Appendix l \

Anahsis of variance for t h r  e rc : '  . f eprcotvl and ft wood g ra ft ing  on length of extension grovvLh

M: an rquan ? at fo rtn igh t ly  intervals

Source df 1 nr»sc 2nd 3rd -4th ‘Hh 6th 7th 0th 9th 10th

1 reatment i 0.306 10.60?- 19.044** 2 - .023*- 30.976** 40.401** 50.623** 52.441** 52.441

Error Q - 0.331 0.103 0.140 0.147 0.367 0.240 0.239 0.401 0.353

T ot al Q — • • •»

'

S'g"1'.fica^t at b^o level 

** Siq’’ f icanL at ’ Jo le*e:



Appendix \

Analvsis of variance for the e ffec t of epict*t> i and softv.ood gra ft ing  on q ir th  of Extension

grow th  at fo rtn igh tly  intervals

M r an squares at fori nightly intervals

Sc-roe df 1 St 2nd 3rd 6t h 3th 6th 7th 8th 91 h 10th

T rea* ,- e n t 1 0.001 0.009 0.001 . 0.0CI1 0.009 0.000 0 . 0 2 3 0 . 0 1 6

Error 9 - 0.026 0.010 0.010 o.oos 0.006 0.007 0 . 0 1 2 0 . 0 1 0 0 . 0 1 7

Tola! Q

Sign ficant a' leve. 

Significant at i o level



Appendix \ I

Analvsis o f variance for the e ffect of ep icoty l and softwood g ra ft ing  on number of leaves
at fo r tn ig h t  l \  in te rv a ls

NiPan square • at Ic rtn igh tly  intervals

: ; :e dt .'rd ■41 h ' t 1' 6th 7th 8l h 9t h 1 dt h

Treatment 1 12.100“ OS.nOO* * 25.600* * -0 .000**  A-!. 100“  52.900** 48.400*"' 62.500** 72.900**

Errcr Ru 0.250 0.^00 0.250 0.450 0.800 0.500 0.750 10.800 0.500

Total - — - - —  - -  —  -

S i g n i f i c a n t  at s c r. l e v e l  

- *  S i g n i f i c a n t  at 1 3o l e v e l
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ABSTRACT

investigation on epieolyl and softwood grafting methods in jack 

arried out in the Department o f Pomology and Floriculture, College 
o f H o rt icu ltu re , Vellanikkara, f r r ichu r during the period from June 1987 

to  A p r i l  1989. The objective of the study was to standardise the season, 

fD p i i is to c k  and to find out the effect of intermittent Im ist on the 
percentage o f success of both epicotyl andlsoftwood grafts, and to study 

the anatomical changes at the d ifferent stages of graft union and factors 
leading to  failure o f grafts.SE\,»* w u

The studies revealed that the month of June was most suitable for 

both epicoty l (8 3.3 per cent sprouting and 61.67 per cent survival) and 

softwood g ra ft ing  <7.22 per cent sprouting and b per cent survival) under 

Kera la  conditions, everithough percentage of success was low for softwood 

g ra f t ing .  In it ia l ly  though, there was significant difference in the percentage 

o f SUC C jo o f g ra ft ing  using b day and 1*> day old rootstock finally all 

the th ree  age groups of rootstocks showed apparently no difference in 

the percentage of success in ip i r o ty l  grafting. Survival percentages id 

5>, 10 and V> do, old rootstocks were 21.67, IU.33 and \b per cent respecti­

vely. In the can of softwood grafts only 2 month old rootstocks survived. 

Mist condit ion was found Lu be significantly superior to open condition

w ith  regard fn  u lt im ate  ink* (,i gra ils . I he sprouting ol opicntyl gu il ts

under mist arid open conditions wore 3( j.u9pcr cent and 1H.U9 perRffltttjj

respective ly and that o f softwood grafts J.B’l  per . eni and O.BU per cent.

The survival of epicotyl f 4 I H  " '" le t  mist and open cundlllon were 2.'.S 
per cent and 14.17 per rent respectively and I hut of softwood g ia f is  J.b

per cent and 0.46 per r W  Jespaol m dy .  .orcenmge ul sueeess of

□ ra ft ing  was sign.f.cantly higher in ep.cotyl grafts compared to softwood

o r  rh< dlfferen.  ........       1 '  d"> 0ld
roo ts to rP  g ra fted  ,n June and Pep. under mist Icondition) was found lo  

he s ig n if ica n t ly super,or to  all other treatm ents, .he observations on growth 

pa ram e te r ,  like g ir th  o f rootstocH. g,r.h Of scon, g u l l ,  of extension growth.



length of extension growth and number of leaves produced at fortnightly 
intervals showed that there was significant difference between treatments 
and T^E (5 day old rootstock grafted in June and kept under mist condition) 
was found to  give the maximum values.

The values are 2.08 cm, 1.96 cm, 1 cm, 11.20 cm and 11.60 respecti­
vely for g ir th  of rootstock, g irth  of scion, girth of extension growth, length 

o f extension growth and number of leaves in the 10th fortnight.

Anatom ical studies revealed four distinct stages in the formation

of g ra ft  union. Proper graft union was obtained 90 days after the grafting

operation. Callus pro liferation was mostly from the pith cells. In the un­

successful grafts  failure was due to the absence of callus formation between

stock and scion forming a wide gap, formation ol a th ick necrotic layer 

between stock and scion, excessive callus production without d ifferentia tion 

to  cambium leading to  failure of grafts, cut surfaces of bark arid phloem 

bonv-t irnes corne into contact wii h each other which resulted in the lack 

of proper callus formation and consequent drying ot gratis.


