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I. INTRODUCTION 

Jackfruit (Artocarpus heterophyllus Lam.) belongs to 

the family Moraceae. It is indigenous to India and bears 

the largest fruit amongst the edible fruits and is quite a 

heavy yielder. ~eing a staple food, it is very popular among 

the poorer classes and house wives for culinary preparations 

and it is known as the 'Poor Man's food' in the eastern and 

southern parts of India. 

The ripe fruit has high nutritive value and contains 

minerals, vitamin A and C. It is used for the preparation of 

pickles, dehydrating leather, thin papads, canned fruits, and 

nectar Trom the pulp. The rind is rich in pectin and the 

pectin extracted could be used for Jelly making. The seed is 

rich in nutritive values and is used in many culinary 

preparations. The flour prepared from the seed is used along 

with wheat flour for the preparation of different products. 

Immature fruits are used as vegetables. The rind or skin of 

the fruit and leaves are excellent cattle feed. Jack timber 

is valuable for making furniture. 

Jackfruit tree is widely grown in Southern states viz., 

Kerala, Tamilnadu, Karnataka and Andhra Pradesh. It is also 

cultivated in other states like Assam, Bihar, Orissa, 

Maharastra and West Bengal. The total area under Jackfrult 

cultivation in India is around 32,660 ha (Shanmugavelu, 

1987) . 
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In'Karnataka jackfruit is grown In an area of 10,004 ha 

wi th an annuai product ion of 2,42,496 tonnes (Anon., 1991). 

It is rarely grown on plantation scale but preferred very 

much in homestead gardens. It occupies considerable area in 

forests, coffee gardens and on roadsides. 

Jackfruit trees come up well under humid and warm 

climate of hill slopes. It is also coming up well in arid 

and warmer plains of South India. It requires rich, deep and 

well drained alluvial soil or a open textured loamy or 

lateritic soil supplied with adequate moisture and plant 

food. Jackfruil 1s grown up to 1500 m MSL, but the trees 

grown above 1200 m MSl produce fruits of inferior Quality. 

It is very sensitive to frost and drought. 

Jackfruit is a cross-pollinated crop, and as such 

highly heterozygous plants are produced if seed propagation 

is resorted. The most common and the, simplest method of 

raIsing jackfruit trees is from seed. As trees do not bear 

true to type,i! leads tD immense variation in yield and 

fruit characters such as density of spikes on the rind, 

bearing capacity, size, shape, quality and period of 

maturity. At present there are not many standard varieties. 

Further, the seedling plants take long time to come to 

fruiting. Therefore, there is a great need to find out a 

sultable method of vegetative propagation for Qulck 

multipllcation of selected plants. 
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The significance of vegetative propagation in 

maintenance of genetic uniformity and preservation of 

identity of a clone / cultivar is well recognised in 

horticultural crops. With the advancement in technical 

aspects, it is now possible to propagate even those plants 

once considered as difficult-to-root through vegetative 

means. Appropriate methods like cuttage, budding, layering 

and grafting were standardised in various horticultural crops 

in accordance with their structural peculiarities. 

In grafting, approach grafting or inarching has shown 

greater success, but it is only suitable for small scale 

propagation and is cumbersome, labor ius and costly. Other 

detached scion methods of grafting like veneer, wedge, side, 

epicotyl and softwood grafting have been practiced in jack in 

different growing tracts as followed in case of mango, cashew 

and other fruit crops with varying degree of success. In 

budding, chip budding, ring budding, 'T' budding are followed 

with variable success . 

. , The present day nursery practices involve much cost 

and risks with respect to raising of seedling rootstocks and 

their subsequent maintenance till they attain graftable 

size. Healthy growth of the rootstocks and correct grafting 

techniques will probably help to attain higher rate of 

success. Amin (1978a) developed in situ so.ftwood grafting in 
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Agricultural 

the drier 

mango· at the Anand campus of the Gujarat 

University and it has given very good success In 

tracts of Gujarat state. This method of grafting 

in Both graftin~ polythene containers with suitable media. 

budding could be standardised on these rootstocks of 

different ages and usIng scions cured for different duration. 

and 

Propagation through cuttings being InexpenSive, rapid, 

simple and not requiring the techniques necessary in other 

methods needs to be perfected for commercial muitiplcation 01 

jack. 

The air layering of jack with the help of plant growt~ 

regulators has been found to be successful by several worker~ 

(Singh, 1955; Sen and Bose, 1959; Mukherjee and Chatterjee, 

1978). However, this method has not been practiced on 

large scale so far. Use of the appropriate growth regulators 

in accordance with the crop requirement has made a break­

through in rooting of cuttings and layers. For better 

results and to avoid toxiCity, these growth regulators are to 

be used In the optimum concentration which may vary from crop 

to crop. Selectivity of seasons in relation to rooting in 

some plant species were found to be related to the 

environmental factors around the plants as well as to the 

morphological status of the shoots. Pre-conditioning 
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treatments such as girdling and etiolation clubbed with 

growth regulator application were found to improve the 

rooting potentiality in many dlfflcult-Io-root plant species. 

These treatments had a remarkable effect on the internal 

levels of nutrients and growth promoters as well as 

inhibiting substances in the tissues. 

For standardising vegetative propagation of jack 

different experiments were conducted with the following 

objectives: 

1. To evaluate better and quicker method of 
propagation by grafting, budding, layering 

vegetati~e 

and cutting. 

2. To study the effects of age of rootstocks on the 
success of grafting and budding. 

3. To study the effect of growth regulators on rooting of 
air layers and cuttings. 

4. To study the impact of season on rooting of air layers 
and cuttings. 
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II. REVIEW OF LITERATURE 

Commercially quite a few fruit crop species are 

propagated primarily from seeds and are often of poor 

quality. The importance of vegetative propagation in 

preserving the identify of a cultivar or a clone is well 

recognised. Several attempts were made to propagate fruit 

plants by grafting, budding, air layering, cuttage and 

stooling. This is also true for jackfruit in which several 

variations have been found and some of them are worth 

multiplying. The following review is primarily on the 

vegetative methods of propagation of the important tropical 

fruit trees ike jackfruit, mang~ cashew and other fruit 

crops by grafting, budding, cuttings and layering. 

2.1 Grafting 

2.1.1 Effect of season on grafting 

2.1. 1.1 Jackfrui t 

Inarching on Artocarpus ~~ end on jack seedlings 

during the month of July recorded 67 per cent success but on 

Rudrakshi jack seedlings, the success was 80 per cent. Use of 

Seradix improved the success rate to 72 per cent and 56 per 

cent success with alpha naphthalene acetic acid (Anon., 

1950) . Gunjate ~~. (1980) reported 50 to 90 per cent 

success in epicotyl grafting. According to Vijayakumar et 

a1. (1991) about 45 to 50 per cent ot successful grafts coule 
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be obtai~ed within 40 to 50 days after graftin9 during April 

May by following green wood cleft graftIng. Jose and 

Valsalakumari (1991) noted hIgh percentage of sproutIng and 

survival of epicotyl grafts prepared during the month of 

June compared to May, July and August months. They found 

that keeping the grafts under mist Improved the success rate 

and survival of grafts. Sumagang ~!l. (1990) recorded 35 

per cent grafting success in PhilIppines using the common 

cleft method of grafting during the month of February. 

2.1.1.2 Mango 

Naik (1947) stated that inarching was the traditional 

method of vegetative propagation. Asadullah and Khan (1960) 

reported that inarching in spring gave better success than in 

autumn season in case of cuitivar Langra. Ihra and Tamari 

(1961) suggested that May - July was the best time for 

grafting decidous trees and June August for grafting 

evergreen trees by softwood grafting. In mango, the 

percentage of survival of the grafts prepared by Inarching 

was higher when the rootstocks were maintained in pots 

compared to those maintained In polythene bags, and spring 

season was better" compared to monsoon season (Majhail and 

Singh, 1962). 

Ahmad (1964) carried out experiments by veneer grafting 

on nine and twelve month old seedling rootstocks of Langro, 



8 

Dashehari and Samar Bahishet on four different dates during 

the spring and autumn season. He found that Samar Bahishet 

was the best rootstock for grafting when the age of the stock 

was twelve months. Mukherjee and Majumdar (1964) reported 

that mango could be successfully veneer grafted during March 

and also stated that maximum scion growth recorded was found 

in grafts prepared during March - April. Jagirdar et al. 

(1968) noted over 90 per cent succesS following veneer 

grafting with Sindhrl and Dashehari and spring months were 

the best for preparing the grafts. ln the cooler months the 

success recorded was 80 per cent for Sindhri, Langra and 

Benganapalli. Gunjate and Limaye (1978) reported that the 

percentage success of Veneer grafting in mango varied between 

68 and 91 for the grafts prepared at intervals from the first 

week of March to first week of June. However, the highest 

success rate recorded was for the'grafts prepared in the 

middle of May. 

Singh and Srivastava (1982) reported 84 per cent 

success with inarching and softwood grafting in the month of 

July, when the scions of Dashehari were grafted on the 

seedling rootstock of Bappakai varIety. Patel and Amir 

(1981) observed that softwood grafting between the third weef 

of May and third week of August resulted in 90 to 100 per 

cent graft take, and it was 85 to 90 per cent betweer 

February and May. 
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I_qbal (1982) reported that side grafting under 50 per 

cent shade was highly successful compared to side grafting 

under exposed conditions. Under shade the success 

ranging from 60 to 95 per cent, whereas under 

condition it was between 1 to 69 per cent. 

rate was 

exposed 

Ram and Sist (1982) recorded 100 per cent graft take 

in case of veneer grafts of Dasheharj prepared In the 

months of June, July and August. Singh and Srivastava (1982) 

reported that softwood grafting was better than veneer 

grafting with reference to success rate and was found to have 

better shoot growth when examined in the month of August. 

Desai and Patil (1984) observed the highest rate of 

success in stone grafting (70 %) in July in the greenhouse 

but under open conditions the success rate was only 40 per 

cent. Gunjate (1969) reported that stone grafts prepared in 

June and July survived better and also suggested to use two 

rootstocks for a single scion, while preparing the grafts. 

In a study by Tayde ~~. (1988) observed that .!.~ ~ 

softwood technique was better compared to veneer and stone 

grafting tecnhiques and also suggested that from July to 

September grafts could be prepared successfully. Srivastava 

(1989) observed that temperature and humidity were the main 

limiting factors for the success of different grafting 
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temperature 

mango and June month was having the 

and humidity. Kulwal and Tayde (1989 

10 

opt imum 

noted 

that August and September months were more suitable for 

softwood grafting under Akola conditions than other months 

of the year. Dhungana !!~. (1989) recorded the highest 

rate of success when stone grafting was done during the 

month of August and the lowest rate of success during the 

month of May. The highest survival rate was observed if the 

scions were defoliated ten days prior to stone grafting. 

2.1.1.3 Cashew 

Phadnis (1971) reported that for successful veneer 

grafting, early part of the south west monsoon was the best 

per iod. Nagabhushanam and Rao (1978) reported that July 

month was the best month for grafting. Similar observations 

were reported with veneer grafting by Dasarathi (1979) in 

Sapatla. In cashew propagation studies carried out in 

Vitta1, it was reported that the maximum success rate 

recorded was during October and June months (Anon., 1977; 

Nambiar, 1980; 1981). 

Nagabhushanam (1983) recorded highest success by 

following eplcotyl grafting. Grafts were prepared with 15 day 

old stocks between June to August. Sawke (1983) stated 

that epicotyl grafting in cashew under Konkan conditions, 

could be done from February to May. During this period on an 

average the success rate was ranging from 62.4 to 67.7 per 

cent. 
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Sawke !!~. (1985) recorded highest mean success rate 

In case of softwood grafting during August (83.66%) and April 

(83.00%) and the lowest (22.00 to J3.OO%) in December under 

Vengurla conditions. Kumar and Khan (1988) recorded maxImum 

success in ~ situ softwood grafting with plants grafted 

during May (60.00$) followed by AprIl (55.00$) under Ulial 

cond i t ions. 

Kumar et al. (1989) reported in case of epicotyl 

grafting a success rate of 39.5 to 86.0 per cent with the 

maximum success during the month of May (86.0$). Correlations 

studies on softwood grafting in cashew with weather parameter 

by Swamy ~~. (1990) revealed that the increased rate of 

success was highly correlated with higher mean minimum 

temperature and higher relative humidity. Rainy season (JunE 

October ) was found to be the best period for commercial 

multiplication. Mahablaeshwar (1992) obtained,more than 80.( 

per cent success at the G.K.V.K. campus by following softwooc 

grafting during January month. 

2.1.2 Effect of age of the rootstock and scion on grafting 

2.1.2.1 Jackfruit 

A comparative trial on age of the rootstock was carried 

out at Taliparamba. The results revealed that six month old 

jackfruit seedlIngs, when approach grafted with six month old 

,scions, a maximum of 76.0 per cent success was recorded, but 

on two year old stockS, the success rate was only 26.0 per 
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cen t . The use of younger stocks, resul ted in faste 

propagation and reduced the cost of watering (Anon., i950). 

Desai and Desai (1989) stated that softwood grafting 

a simple and rapid method. They recorded success rate fra 

33.33 to 80.00 per cent by using 2.5 to 10.0 cm long scion 

of six month growth. They also said that scion sticks coull 

be stored up to three days in moist sphagnum moss 0 

polybags, moist gunny cloth or moist news paper. Jose ani 

Valsalakumari (1991) reported that epicotyl grafting on fiv' 

day old stocks with precured scions of three to four monthl 

age was found supeior compared to softwood grafting in jack 

The maximum sccess rate recorded was 83.3 per cent. 

A form of approach grafting called "suckle-grafting' 

practiced in jack plant on a large scale in Thailanc 

(Soepadmo, 1991). Young potted seedling rootstocks of Jac~ 

were decapitated and subsequently inserted in twigs of c 

selected mother tree. The success rate Is high and thE 

method could be practised at any time of the year. In 

Australia according to Acedo (1992), wedge grafting has been 

found to give very good results. Scions are grafted onto 

young vigorous rootstocks in an enclosed high-humidity 

chamber. In Philippines a preliminary study at the Bureau of 

Plant Industry's Mandaue (Cebu) experiment station, recorded 

grafting success ranging from 30 to 80 per cent following 
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cleft method. In this study, the scions used were defoliated 

one to two weeks before the grafting to induce bud activation 

and small cuts were made at the base of the rootstock to 

minimise latex accumulation at the point of contact of scion 

and stock (Acedo, 1992). 

2.1.2.2 Mango 

Burns and Prayag (1~20) suggested that three week old 

seedlings could be used as rootstock for inarching and the 

grafts could be separated within three months after grafting. 

Sen (1941) stated that the best resuit could be obtained by 

grafting sCions of pencil thickness on three months old 

seedlings. Torres (1949) recorded a very high rate of 

success with splice grafting on J to 12 months old rootstocks 

when the stocks were in active state of growth. 

Jagirdar and Bhatti (1968) reported that veneer 

graftin~ success rate was not affected by the age of the 

rootstocks but the per cent take was increased by the use of 

mature wood, compared to immature scion wood. Majumjar ~ ~. 

(1972) reported that the scions from the non-flowering shoots 

proved better for veneer grafting. They also found that the 

success of veneer grafting was not affected by length of 

scion sticks (2.5 - 10.0 em), but the subsequent growth was 

greater with longer scions. 
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The percentage success of side grafting in mango was 

raised from 75 to 100 per cent when the scions were 

defoliated ten days before grafting (Kashyap ~ ~., 1972). 

Amin (1974) carried out wedge grafting on seedlings aged one 

or two years, using scion wood defoliated one to two weeks 

prior to grafting. Amin (1978a) reported that excellent 

results were obtained when the terminal growth of the 

rootstock was young and bronze in colour for softwood 

grafting. He used rootstocks of age more than one year and 

grown in situ. 

Singh and srivastava (1979) obtained 80 per cent 

success when twelve months old rootstocks were veneer grafted 

with six months old scions. The scions were defoliated ten 

days prior to separation, and they observed that white 

polythene tape was the best tying material. ~atil et al. 

(1984) reported that the best combinations of rootstocks and 

sCions were found between four days old seedling rootstocks 

and the scions defoliated ten days prior to grafting. But 

the height of the plants and riumber of leaves were highest 

for four days old stocks and sCions defoilated seven days 

prior to separation. Kulwal and Tayd.e ( 1989) showed 

successful mango propagation by softwood grafting on one year 

old seedling rootstocks with success rate ranging from 72 to 

92 per cent. 
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In a study on effect of rootstocks age on success of 

softwood grafting in mango, Reddy and Melanta (1988) reported 

that seven month old rootstocks were best for In situ 

grafting (90%) followed by eight month old stocks (80%). 

The graft take by rootstocks of different age groups in 

polybags did not differ significantly. However, three montt· 

old stocks recored a maximum graft union success of 58 per 

cent followed by six month old stocks with 55 per cent 

success. 

2.1.2.3 Cashew 

Phadnis (1971) suggested the use of rootstocks of less 

than five months age and not more than 50 cm in height wlt~ 

a girth of 4 to 5 mm for veneer grafting. Nagabuhshanam anc 

Rao (1978) ObserWli!d 35 to 96 per cent graft take wi th five te 

six months old rootstocks compared to 20 to 49 per cent 

graft take with 15 to 20 months old rootstocks. Amin (1978b) 

recorded 70 per cent success by softwood grafting or 

rootstocks which were 9rown ~ situ for a year. Muniswami 

(1979) reported 90 per cent success of veneer grafting or 

4 to 5 months old seedling rootstocks in a mist chamber. At 

Vengurla, four to six months old root stock were used for 

softwood grafting and a maximum success of 94 per cent 

was recorded during February and March (Anon, 1983 ). 
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'A comparative study of different methods of vegetative 

propagations of cashew by Valsalakumari et a1. (1985 

revealed that with wedge grafting, the best results were 

obtained under mist on eight month· old seedling. Yogananda 

(1989) found better success with four to seven month old 

seedling for in situ grafting in case of cashew. Sarada et 

~. (1991) observed that August, September and January months 

were suitable for grafting. Per cent success and growth 01 

grafts were better with precured scions than of fresh1~ 

defol iated ones. Mahabaleshwar (1992) recorded higher 

success of softwood grafting using one to two months old rool 

stock. 

2.2 Budding 

2.2.1 Effect of season on budding 

2.2.1.1 Jackfrult 

At 8urliar both flute budding and patch budding 0 

jackfrult seedling rootstocks failed, while shield buddin 

gave a 10 per cent take in May and June when the stocks wer 

notches after insertion of bud (Anon., 1952). Teaotla e 

~. (1963) carried out monthly trails on patch budding at th 

Fruit Research Station, Basti, Uttar Pradesh and obtaine 

100 per cent success in June and over 90 per cent in Mayan 

July. During these months, rainfall was average and both th 

stock and scion were in active state of growth. They all 

observed that the budded plants grow much more vigorous] 
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than ~eedllngs of the same age. Moti ~!!..!_. (1976) recorded 

higher percentage of bud ,take in patch budding compared to 

shield budding during June month. 

Buds from healthy jack tree were patch, chip and T­

budded on the seedlings of the same species In the third week 

of each month between February and September. Patch budding 

in June and July gave the highest bud take of 90.0 and 81.6 

per cent respectively. T-buddlng was the least successful 

(Singh et ~., 1982). Blswas and Hossain (1984) recorded 80 

per cent success in May with ring budding followed by flute 

budding which recorded 60 and 40 per cent success in May and 

June respectively. Budding has given very variable results; 

the most promising method appears to be patch budding 

(Garner, 1976), Kelaskar!.!. ~!. (1991) reported that patch 

buds kept under different light intensities showed no 

significant differences in sprouting and survivai, However, 

highest sprouting, survival and better growth were observed 

in the budded plants kept In glasshouse followed by those 

kept in open sunlight or under partial and complete shades. 

2.2.1.2 Mango 

Singh and Srivastava (1962) did studies on budding in 

case of mango. Scions of the cultivar Langra and Dashehari 

were budded by the forkert method on one year old seedl ings 

from July to September at an interval of fifteen da,s. In 
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both the cultivars 100 per cent success was obtained when 

budding was done in July. 

Ahmad and Ahmad (1960) obtained good success by patch 

budding on nine month old stocks in May. However, in 

September, budding on one year old stocks was more successful 

than on three month old stocks. Teaotia (1963) obtained 

significantly better success by budding in March compared to 

May and July months. Bhandary and Chinnappa (1963) stated 

that October month was suitable for Forkert budding of mango. 

In U.P. and Punjab, shield budding gave higher percentage 

success during March - July (Teaotia, 1963; Jauhari and 

Singh, 1970). Jagirdar and Al i (1965a) obtained greater 

percentage of sprouting in Sindhri and Langra when budded in 

late summer. 

Rao (1967) opined that August to September and February 

to June are the suitable periods for shield budding in South 

India and North India respectively. Jauhari and Singh (1970) 

obtained the best success in July by activating buds two 

weeks before budding and cutting back stocks one week after 

budding. Motl et al. (1976) obtained the highest percentage 

of bud take in mango with patch budding during June month. 

2.2.1.3 Cashew 

Ferraz !l~. (1974) reported 99.59 per cent take in 

patch budding on eight month old seedlings when bUddIng 
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opera t ions was carried out during the dry season. 

Palaniswami and Hanmeed (1976) achieved 71 per cent success 

in July and 50 to 58 per cent in March, April, September and 

October by patch budding. Nagabhushanam and Rao (1978), on 

the other hand, observed very poor result in case of patch 

budding. Chana and Savant (1979) obtained a maximum success 

of 72 per cent in June followed by 69 and 70 per cent In 

April and May respectively with forkert buddln9. They opined 

that the high percentage success obtained during March - June 

was due to the vigorous sap flow during the period. Das and 

Mishra (1978) tried 'T' budding in cashew and obtained 60 per 

cent success during September. 

2.2.2 Effect of age of the rootstock and budsticks on budding 

2.2.2.1 Jackfruit 

Experience in Malaysia has shown that budding on one 

year old seedling rootstocks produces strong trees of 

uniform growth (Anon., 1935). Modified forkert budding has 

been practised in Sri Lanka using budwood of the previous 

seasons growth (Richards, 1950). In India, chip budding on 

one year old jackfruit seedling gave 41 per cent success 

(Samaddar and Yadav, 1970). It was believed that exudation 

of latex was the cause for low bud take. Moti ~~. (1976) 

achieved about 40 to 96 per cent success following patch 

budding on one year old rootstOCkS. Kelaskar et ai. (1990) 
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obtained 62 per cent success in polythene bags and 80 per 

cent success in ~ following patch budding in jackfruit. 

2.2.2.2 Mango 

In Hawaii, two to five year old rootstocks have been 

used for shield budding (Higgins, 1910). Hosein (1958) used 

three to four month old mango seedling successfully for T­

budding in Trinidad. Singh and Khan (1943) obained 30 to 40 

per cent success in two year old plants while three year old 

plants recorded 70 per cent success. 

Jagirdar and Ali (1965') studied the effect of the age 

of stock plants on bud take in mango and they reported 

higher percentage of success on nine month old seedling, 

compared to that on 3 and 15 month old seedling. Parasai 

(1963) in a budding experiment removed all the leaves on the 

selected scion shoots up to a length of six inches from the 

terminal bud and 10 to 15 oays later only plump buds were 

used for budding. Ismail and Rao (1989) reported 28.3 per 

cent success by patch budding on six month old rootstocks. 

2.2.2.3 CaShew 

T~ official recommendation to the farmers in 

Mozambique for vegetative propagation of cashew was by 

budding on 5 to 12 month old seedlings of 1.0 to 1.5 cm dia 

65 rootstock. It W6S also suggested that the bud woods from 
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hardened parts of current year shoots, after flowering should 

be used (Anon., 1966). Phadnis (1971) recomnended budding on 

one year old seedlings. Ferraz et al. (1974) reported 99.59 

per cent take in case of patch budding on eight month old 

seedlings when carried out durIng the dry season. 

Bhattee (1979b) from Goa reported 80 per cent succe5~ 

in a nursery trial when two-and-a-hal f month old seedJ Jngs 

were bud grafted. In another trial at Goa, Bhattee (1979a) 

recorded a success range from 4 to 64 per cent by bud 

graf t ing 

September 

on two year old plants during the month of 

October. He reported 98 per cent successful 

establishment when they were planted in the field. Many 

workers recorded higher success following patch budding in 

cashew ;on seedling rootstock (Dhanda r , 1985; Palaniswaml ~ 

~., 1985; Nagabhushanam, 1985; Rao, 1985). 

2.3 Effect of chemical constituents on graftIng and budding 

Fahamy (1952) studied the effect of pre-girdling on the 

accumulation of carbohydrates and the rate of graft take in 

case of sapota and macadamia. He observed significant 

accumulation of starch and carbohydrates in the pre-girdled 

sci ons of macadamia, and total sugars, starch and 

carbohydrates in pregirdled scions of sapota. However, he 

did not observe any significant difference between 

pregirdled and ungirdled scions with regard to rate of graft 
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Fahamy (1954) found positive correlation for the 

carbohydrate content and graft union success for sapota and 

canistel (~ nervosa) plants, but for mango and macadamia 

he did not get positive correlation. 

Fedrov (1961) noted an increase in carbohydrate content 

at bud swelling stage in wild chinese apple and the content 

was comparatively higher at the time of bud unions of sweet 

and sour cherry, plum, apricot and apple and opined that 

:'i'IIJttief)t composition of rootstocks influence bud take. He 

also observed that hardiness of successfully grafted buds was 

reduced owing to low reserves of starch and other nutrients 

,of, roo.ts.tol<),k~. 

Reddy and Melanta (1989) studied the effect of 

different scion varieties of mango on the success of softwood 

grafting. They observed maximum success of graft take in 

Dashehari which contains minimum phenol content, while in 

Alphonso maximum phenol content recorded and graft take was 

the lowest. Preconditioning heiped in the reduction of 

phenols which in turn helped in better graft union. Nanda 

(1979) reported that phenols are responsible for the death of 

rcutt~ngs at hlgher temperature, where the sugar content 

reduced but phenol content increased due to high rate of 

respiration. 
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2.4 Effects of girdling and etioiation on rooting of air 
layers and cuttings 

I t has been reported that pretreatments I Ike girdlIng 

and etiolation given to the base of cuttings or air layers 

bring about some physiologIcal and bIochemical changes 

resulting in better rooting (Jauhari and Rahman, 1959; 

Teaotla and Pandy, 1961). The inhibi tory effect of light has 

been reported by Shapiro (1958). The process of etiolation 

has long been recognised to be effective in increasing 

adventitious root formation in stem tissue (Sachs, 1864). 

Kawase (1965) studied the effect of etiolation on willow and 

mungbean tissue. He observed retentIon of higher level of 

IAA at the site of etiolation during the period of root 

initiation. 

Turekaja and Kof (1965) analysed the tissues of ten 

days old etiolated bean seedlings and recorded significantly 

higher amount of auxin with complete absence of growth 

inhibitor, whereas in controls, reverse was the case. 

Stoltz and Hess (1966a) studied the effect of girdling 

upon root initiation in Hibiscus. According to them the 

increase in rooting potentiality of girdled shoots might be 

due to accumulation of rooting substances or their precursors 

and an increased amount of parenchyma tissue. GirdlIng 

helped in accumUlation of carbohydrates and frep amino acids. 
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Increase in the concentration of root promoting cofactors 

especially cofactor No. 4 was observed in girdled and 

etiolated shoots. In subsequent studies, Stoltz and Hess 

(1966b) showed that auxin content of girdled shoot decreased 

with time, because girdling promoted the onset of dormancy. 

An adaptive auxin oxidising system was stimulated which 

destroyed the auxin at a greater rate than the rate of 

accumulation. Basu et al. (1968) suggested that the changed 

physiological status of ragenerating tissues consequent upon 

ringing was an important condition in the formation of root 

in relatively difficult to root mango shoots. They found 

that ringing and auxin treatments were condusive to protein 

synthesis and suggested that increased rooting can be 

correlated wi th increased protein synthesis. Similar 

observations were made by ChQudhary (1971) also. 

Mukherjee and Chatterjee (1978) recorded the highest 

percentage (100.00) of rooting and establishment (91.66) of 

Jack layers when the etiolated shoots were treated with 

10,000 ppm of Indole ButyriC Acid. Etiolated shoots produced 

signif icantly more pflLma·ry roots than non-etiola!ed shoots. 

Lingarajappa (1980) observed higher percentage of jackfruit 

iayers with betteriroot characters and survival of the layers 

in the field when the stems were pregirdled and etiolated and 

treated with IBA + NAA. He also noticed that juvenile shoots 
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formed' roots 30 d J I h ays ear er t an mature shoots. Similar 

results were observed by Desai and Patll (1964) in jackfruit 

plant. Nazeem!!~. (19841 obtained 81.29 per cent rooting 

by air layering, using one year old sh;ots of bearing plants 

with coconut pith as the medium. Chatterjee and Mukerjee 

(1982) got best results with etiolated, Invigorated Jac~ 

shoots treated with 5000 ppm IBA. Dhua et 91. (1983) 

obtained 90 per cent rooting in jack cuttings taken from 

shoots etiolated and ringed for 30 ays and then treated 

with IBA 3000 ppm in combination with ferulic acid at 2000 

ppm. However, in air layers of jack, Dhua and Sen (1984) 

got 98.30 per cent rooting success with IBA 1000 ppm in 

combination with ferulic acid 1000 ppm. According to them, 

etiolation of shoots prior to layering markedly Increased 

rooting and had beneficial effects on root characters but did 

not exhibit any beneficial effect on survivability of rooted 

layers. 

Mukherjee ~~. (1967) studied the effect of etiolation 

on rooting ot mango cuttings and obtained better resuits in 

etiolated shoots as compared (0 non-etiolated ones. Bid and 

Mukherjee ~~. (1969) in an experiment on air layering of 

mango reported that the etiolated shoots produced more 

fibrous roots than the non-etiolated ones and application of 

IBA + NAA further improved the rooting. The same workers 

(1972) noted better root formation in the cuttings of 
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forced mango shoots and found improved rooting on etiolated 

shoots. 

Rao (1958) obtained 100 per cent rooting in cashew air 

la}ers by etiolation and cincturing treatment. Khan (1962) 

reported moderate degree of rooting of cashew stem cuttings 

when they were etiolated and treated with 100 ppm IBA for 24 

hours. According to Melanta (1982) invigorated-ringed-

etiolated cuttings of semihardwood type produced a few roots. 

Gorgoshidze (1971) obtaIned 15 per cent Increased rooting in 

Feizoa cuttings by girdling compared to control. Stoltz 

(1965) also reported the advantage of girdlirg ,r, rooting of 

hibiscus cuttings. 

Nalwadi and Sulikeri (1972) found that girdling shoots 

thirty days in advance to layering was optimum in fig 

cuttings. Hulmani and Reddy (1974) obtained cent per cent 

rooting in Pumelo marcots ringed and etiolated for two 

months as against 15 per cent rooting in fresh marcots. 

Taylor and Odem (1970) noted the beneficial effect of 

girdling and etiolation than girdling alone. In their 

studies with pecan (Carya illinoenais), girdled and etiolated 

shoots produced highly branched and vigorous root system as 

compared to mere girdled ones and control. 

High percentage of rooting in litchi cuttings 'was 

recorded b> Sen at al. (1967) under Intermittent mist 
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treatment with IBA. Litchi cuttings from ringed Shoots 

produced 66 per cent rooting by treatment with IBA under 

intermittent mist. Ferrullc acid and P-hydroxybenzoic acid 

synergized wi th aux Ins and resul ted in bet ter root format ion 

in the treated cuttings (Dhua and Sen, 1982). According to 

Barauah (1988) in case of custard apple, glrdling and 

etiolation for 40 days before making cuttings or preparing 

layers was found to be better in respect of rooting. Nalr 

(1989) observed in sapota that pretreatments of shoots 

increased the number of successful air layers produced. There 

was reduction in the time for marcootin9 besides enhancing 

the number and size of roots. The presence of root 

promoting cofactors in the tissue samples were also found. 

2.5 Effect of growth regulators on rooting of alrlayers and 
cuttings 

In jack, Slngh!l~. (1949) observed sixty per cerd 

rooting when two to three year old shoots were layered in 

the last week of August or first week of September. 

Application of growth regulators induced rooting in 72 per 

cent air layers while 48 per cent shoots rooted under control 

(Singh, 1951). Treatment wi th one per cent IBA markedl) 

stimulated rooting in air layers of two to two-and-half year 

old shoots (Singh, 1955). Use of growth substances produced 

no improvement in rooting in a trial at the National 

Botanical Garden, Lucknow In Jack (Singh, 1955). In this 
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trial, apical, semi-hardwood and hardwood cuttings were 

treated with IPA (Indole Propionic Acid) at 0.01 per cent, 

NAA at 0.05 per cent and the combinations NAA 0.05 per cent + 

I~A 0.05 per cent and NAA 0.1 per cent + IAA 0.1 per cent, 

No rooting was obtained with any of the treatment. Similar 

results were obtained in jack by Audus (1959). Sen and Bose 

(1959) reported that application of IAA, IBA and NAA 

significantly increased the percentage of rooting. 

Mukherjee and Chatterjee (1979) reported that forCing, 

etiolation and IBA treatments are advantageous for rooting of 

jackfruit cuttings. Chatterjee and Mukherjee (1980) got 

best results with invigorated, etiolated shoots treated with 

5000 ppm IBA. Out of the three media used for planting of 

cuttings, vermiculite proved to be the best and sand was the 

next best for rooting. Ohua and Sen (19B4) observed maximum 

rootin9 success of 98.30 per cent with IBA 1000 ppm in 

combination with 

jack. Angeles 

1000 ppm ferulic acid by air layering 

(1983) obtained very low success with 

in 

air 

layering in j.j.3,C~. The highest root ing success was 45 per 

cent when layering was done in July. Poor rooting (Jess than 

10%) of young and mature stem cuttings of jack had also been 

noted in the Philippines. Application of NAA or IBA, use of 

low or high pressure mist propagators and use of different 
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to improve the rooting ability of the 

jack cuttings (Angeles, 1983). Morton (1987) reported 

rooting of young jackfruit woody stem cuttings under mist. 

Jack root cuttings were lIke wise unsuccssful (Henslelgh and 

Holaway, 1988). 

Rao !.!.!..!_. (1963) observed that the mixture of lAA, 

IBA and NAA was effective in inducing high percentage of 

rooting when applied at 0.25 or 0.50 per cent each In mango 

airlayers. Synergistic effect of IBA and NAA at 7500 ppm in 

mango air layers were reported by Verma et al. (1970). 

Sadhu and Bose (19BO) recorded success In the rooting of 

mango cuttings by pre-soaking treatment in ethrel (50 ppm) 

and acetylene (100 ppm) followed by quick dip in IBA or IAA 

at 2500 ppm. Patil and Singh(1982) obtained 66.6 per cent 

rooting with ISA 20,000 ppnl pius NAA 5,000 ppm in mango. 

Chhonkar and Singh (1967) obtained a slight improved 

rooting of cashew air layers by treating with lSA at 75 ppm 

on ringed portion of one year old shoots. Coester and Ohler 

(1976) opined that semi mature stem cuttings with the 

application of one per cent IBA in talc, produced better 

roots in perlite medium. Hanamashetti!.!.!..!.. (1984) reported 

that application of IAA increased the number of roots and 

root length in cashew air layers. Many workers have reported 
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good ro'oting with lSA treated cashew air layers (Sen and 

Chakraborthy, 1972; Melanta, 1982; Valsalakumari et ~., 

1985). Palaniswami ~~. (1985) reported 40 to 50 per cent 

rooting in cashew air layers treated with 500 ppm lSA 

prepared during July - September. 

The difference in root promoting effects of different 

auxins could be due to their differences in initiating 

hydrolysis of nutritional reserves (Sen !l ~., 1965). Nanda 

~~. (1968) observed that enhanced hydrolytic activity in 

the tissues in the presence of exogenously applied hormone 

was responsible for increased rooting of auxin treated shoots 

of some forest tree speCies. 

Shandary and Kolo1gi (1960) considered that ISA and 

NAA in combination was good for earlier rooting of guava 

(Var. Lucknow-49) air layers. According to them, 10,000 ppm 

lBA and 15,000 ppm NAA concentration were optimum and induced 

rooting in shorter period of five to Six weeks. BhandarYand 

Mukherjee (1969) obtained 90 per cent rooting in invigorated 

shoots treated with lSA at SOD ppm, but observed only 13.3 

per cent rooting in non-juvenile shoots of guava. 

Vijayakumar (1972) reported that treatment of guava cuttings 

with 5000 ppm of lSA and plantIng in July resulted in maximum 

rooting of 84.56 per cent. Wally et al. (1981) in an 

experiment with hardwood cuttings reported that treatment 
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with lBA'at 500 ppm and Alpha-naphthol at 10 ppm recorded 40 

per cent rooting, when the cuttings were planted in October. 

Treatment with P-hydroxybenzoic acid (ZOOppm) in combination 

with IBA (5000 ppm) recorded 93.3 per cent rooting of 

cuttings in comparison with 60 per cent under control in 

guava (Ohua!! ~., 19826). Treatment wIth ethephon at 50"­

and 100 ppm on stock plant and application of IBA at 3000 ppm 

caused 100 per cent rooting of cuttings. But the percentage 

"tifroot formation was found to decrease with further increase 

in Ethephon concentration in case of guava (Dhua ~ ~., 

1982b). Patel ~~. (1989) recorded 100 per cent rooting 

with IBA at 3000 ppm in guava. Similar results of 

successful rooting in guava cuttings were reported by Prasad 

et al. (1988) and Oebnath and Maiti (1990). 

Ganapathi (1988) opined that tamarind can be propagated 

by air-layering with the application of IBA at the rate of 

2500 ppm during June/July but the cuttings failed to root. 

However, Swaminath ~~. (1990) obtained 52 per cent rooting 

in stem cuttings of tamarind. 

Early rooting of air layers of Saoola cv. Kallpatl 

treated with IBA and NAA combined in equal proportions 

reported by Chinnappa and KoJolgi (1961). Sulladmath 

KoJoJgi (1959) concluded that IBA and NAA at 10.000 

was 

and 

ppm 

(mixed in equal parts) as optimum dose for the ,'ooting of 
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Uthaiah (1975) recorded significant 

increase in number of rooted layers, number of roots per 

layer and length of roots and early rooting in sapota with 

IBA and NAA in combination. Chatterjee et al. (1989) 

recorded 91.7 per cent rooting success and 90.9 per cent 

survival of air layers in sapota when invigorated shoots 

after etiolation treated wlt~ 10,000 ppm IBA. 

Baruah (1988) reported that growth regulator 

concentration of IBA + NAA 20,000 ppm was the most effective 

in initiating rooting which produced 25.00 per cent rooting 

in mature shoot cuttings, 22.50 per cent in air layer and 

30.00 per cent in invigorated shoot cuttings in custard apple. 

Singh et ~.(1973) indicated that IBA at 2,500 ppm 

induced early and extensive rooting in litchi air layers and 

the marcoting period was reduced from 106 days to 69 days in 

treated ones. According to Chadha (1968) In litchi optimum 

concentration of IBA and NAA at 250 ppm gave 86.6 per cent 

and 72.2 per cent rooting respectively as against 37.2 per 

cent in control. Sharfuddin and Husain (1973) obtained cent 

per cent rooting in litchi marcots by treating with IBA at 

5000 ppm. 

Chatterjee and Rao (1976) reported that 10,000 ppm IBA 

application gave 95 per cent rooting in ber air layers. 

Ughreja and Chauhan (1983) observed 97.6 per cent rooting of 

ber layers treated with 15,000 ppm IBA. 



2.6 Sep50nal variations in rooting 

The selection of seasons in relation to 

cuttings and layers was observed in some of 
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rootIng of 

the plant 

species. The changes In rooting response with changes ir 

seasons have been attributed to the morpho-physiological 

status of the shoot. The endogenous levels of nutrients and 

growth promoting substances are also influenced by 

environmental conditions such as sunshi ne, tempera ture, 

humidity and rainfali. Some of these factors In turn have 

effect on the mobilization of reserve food material through 

hydrolytic enzymes resulting in their convert ion into readily 

available forms to cater to the requirements of rapidly 

growing cells and tissues. Changes in the cambial actlvi ty 

and tissues content of auxins, Inhibitory substances and root 

promoting co-factors due to seasonal variations also have 

been observed by several scientists. 

Singh (1950) reported that guava goaties rooted better 

during the rains. He observed good rootIng and root 

development. In sapota, Chinnappa (1960) found that the 

temperature prevailing in Dharwar conditions did not inhibit 

rooting of air layers in any part of the year. However, 

humidity has a role in rootIng. Low humidity, when compared 

to coastal regions was pointed out as one of the factors for 

limitation of rooting under Dharwar condition. Humidi!) was 

high during rainy months and low during winler and other 
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season: Temperature and humidity during the first 12 to 16 

weaks after layering seem, to be the co~trolling factor for 

root initiation. Earlier Sulladmath and Kololgi (1959) 

recommended first week of October for air layering of sapota 

under Oharwar condition. 

Bose and MandaI (1970) observed that many species of 

plants which failed to root or showed a low percentage of 

root formation produced roots under high humidity and low 

temperature. They found that providing low temperature and 

high humidity artificially facilitates rooting in hard to 

root plants. This practice encouraged more number of roots 

in a much shorter period. 

Singh et a1.(1957) and Janik (1979) explained the 

merits of high humidity and low temperature of the atmosphere 

in terms of reduction in transpirational loss of water. This 

reduces the desication of the tissues. Hartman and Kester 

(1986) opined that for good rooting, it is essential that 

the shoots maintain their turgidity and high leaf water 

potential. Studies have shown that low water potential (well 

below ~O bars) often occur and this low level is related to 

poor rooting. To reduce the transpiration loss, the vapour 

pressure of the water in the atmosphere surrounding the 

leaves should be maintained nearly equal to the water vapour 

pressure In the Inter cellular spaces within the leaf. High 
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humidity in the environment and low temperature can reduce 

1055 of water from the leaves. Nanda and Kocher (1985) 

opined that the efficacy of synthetic auxins to initiate 

roots in cuttings varied not only with the nature and 

concentration of auxin and plant speCies, but also with 

season. 

Nanda !.!.~. (1971) observed that the seasonal chapges 

in rooting response of Hibiscus are closely related to the 

seasonal changes in starch content and the low rooting 

-capacity corresponding to high starch content and vice versa. 

Hess and Synder (1957) also found that lowering leaf 

temperature increased carbohydrate content in shoots. 

Jauhari and Mehra (1960) had very meagre success with 

air layering In February, even with growth substances in 

jack, while they achieved up to 100 per cent rooting during 

the raIny season of late August to late October. 

Vijayakumar (1972) has reported seasonal variations in 

root promoting cofactor activity in the invigorated and 

mature tissues of guava. The root promoting 'cofactor No.3' 

was found in higher amount in girdled and etiolated shoots 

taken in July as compared to those of May In three varieties 

of guava. The higher activit>' was found associated with 

higher rooting activity. 
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5uryanarayan and Rao (1982) obtained highest percentage 

of successful layers and highest number of roots per air 

layer in shortest period in mango when air layering was done 

in August to October months. According to Baruah (1988), 

monsoon was the best season for making cuttings and air 

layering of custard apple, where as sumner was the best 

season for stooling. Similar results were obtained by Nair 

(1989) in sapota Angeles (1983) in jack. 

2.7 Biochemical factors affecting rooting of air layers and 
cuttings 

2.7.1 Nutritional status 

The rooting capacity of tQe cuttings has been 

correlated with nutritional status of cuttings, by many 

workers (Tukey and Green, 1934; Pearse, 1943; Haun and 

Cornell, 1951) and they were of the opinion that cuttings 

with high carbohydrate and low nitrogen contents produced 

high percentage of rooting, while converse was substantiated 

by Schrader (1925) and Reid (1924, 1926). Taylor and Odom 

(1970) recorded higher quantity of nitrogen, total sugars, 

starch and total carbohydrate in rooted cuttings of Carya 

lilinoensis with girdled and etiolated shoots. 

Basu !!~. (1967) carried out analytical studies at 

callusing and root emergence stages of mango air layers 

treated with IBA and found that they contained relatively 

greater quantity of carbohydrates in root forming region. 
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Similar 'resul 15 were obtained In air layers of mango b)' BasI) 

~ !!.!.' (1912). 

Nanda and Anand (1910) established relationship between 

starch 

rooting 

content and rooting in Populus nj~ra. The 

was attributed to high starch content 

delayed 

of the 

cuttings. They further stated that vigorous rooting was 

associated with low starch content and the poor rooting was 

caused by low activity of hydrolysing enz)'me which at tected 

the hydrolysis of starch into sugars. In similar stUdies, it 

was found that there Is a ciose relationship between seasonal 

changes and starch content. The iow rOOling corresponded 

with high starch and vice-versa (Nanda ~ ~., 1971). 

According to Sen and Basu (i960) rool lrdliallon was 

found to be directly proportional to carbohydrate/nitrogen 

ratiO, but root development was dependent on a proper baiance 

of carbohydrate and nitrogenous substances. 

enhanced rooting in Justicia aendarusa when 

They obtained 

the cuttIngs 

were low in nitrogen and high in total carbohydrates. 

Singh (1960) reported that ringed hardwood cuttings of 

mango treated with IBA showed enhanced metabol ic actlvUy 

with increases in redUCing and non-reducing sugars and a 

favourable C/N ratio compared with unrlnged cuttings or 

ringed cuttings not treated with lBA, 
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Stuart (1938) and Altman and Wareing (1975) observed a 

mobilisation of carbohydrates towards developing root systems 

of leafy softwood cutting of Phaseolus vulgariS. Breen and 

Muraoka (1973) reported initial reductions in carbohydrate 

reserves in the rooting zone of semihardwood plum cuttings 

followed by an increase from current photosynthesis. Viatz et 

~. (1980) found reduction in starch at the base of juvenile 

chesnut cuttings. Girdling and e1iolation of tamarind shoot 

for 30 days prior to air layering resulted in occumulation of 

higher percentage of total sugars, less starch and high 

percentage of total nitrogen according to Gowda (1983). He 

also reported that girdling and etiolation considerably 

shortened the time required for root initiation. 

2~7.2 Rol~cofinit~bgenl 

A proper ratio between carbohydrates and nitrogen is 

essential for cuttings and air layers to strike good 

rooting. rhus, the level of nitrogen is of vital importance 

in determining the proper ba1ance with carbohydrates. 

Bachelard and Stowe (1963) observed that nitrogen 

compounds alone or together with sucrose appear to play some 

role in optimal rooting but the effect may not have direct 

influence on the chemical content. Rooting of stem cuttings 

of pear showeO thar,mature t Issue to contain more soiubl e (lnd 

proteIn nitrogen than in juvenile. Sut in all the three 
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species· that they studied, rooting behaviour bore no 

relationship to nitrogen fraction (Ali and Westwood, 1966). 

Haun and Cornell (1951) not iced low level of nitrogen In 

Geranium sps. resulting in a significantly higher percentage 

of rooted cuttings than the high levels. 

--Ali and Nazir (1970) said that auxin treatment led to 

initial increase in total soiuble nitrogen, followed by a 

steady decline of nitrogen in cuttings of mango. Hosa! et al. 

(1972) noticed that soluble nitrogen content of hardwood 

cuttings of grape vines gradually decreased in both upper and 

lower values of the items throughout the rooting period, 

while insoluble nitrogen content fell markedly only In upper 

hal f of the stem. They observed that much of the nitrogen 

moved from lower to upper parts of the cuttings as root and 

shoot begain to grow. 

Zarkua (1974) reported the direct correlation between 

protein and nitrogen contents and root regenertion in 

cuttings of grape vines. Ghosh and Basu (1974) noted that 

mobilisation of nitrogen from upper parts of the cuttings was 

more when treated with root promoting auxins. 5imilar 

observations were recorded by Stuart (1938), Gregory and 

Samantaral (1950). 

2.7.3 Role of root promoting co-factors 

As early as 1938, Went postulated the presence of 

specific factors other than auxins which he believed were 
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essential for root 

formation. Bouillenne and Bouillenne (1952) in their 

experiment with mungbean (PhaSeolus ~ Roxb.) root Ing 

observed that by increasing the concentration of centrifugal 

diffusate, there was an increase in number of roots. They 

attributed this phenomena to the base of the cuttings in 

sufficient amount. Sengupta and Chattopadhya (1954) 

reported that failure of rooting in response to auxin 

application in many cases like Mangifera indica and Eugenia 

jumbolana may be attributed to the lack of cofactors in the 

cuttings. 

8asu ~l~. (1966) reported that there was a greater 

accumulation of rooting cofactors in the girdled seedling 

shoots of mango when compared to non-girdlP.'"l ones. Fadal and 

Hartman (1967) conducted mung bean bioassay test in the 

extracts of basal section of hard wood cuttings of pear cv. 

'Old home' and recorded higher level of promoters during 

maximum rooting. 

Vijayakumar (1972) observed that invigorated tissues 

of guava (Psidium guajava L. ) obtained during the month of 

July contained all the four rooting co-factors and especially 

rooting cofactor 4 which is very essential for initiation of 

root. 

Chatterjee and Rao (1985) reported that in jack the net 

root promoUng activity of Invigorated shoots was higher than 
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that oj the non-invigorated shoots. Etiolation of both the 

invigorated and non-invigorated shoots Induced higher net 

root promoting effect than of non-etiolated shoots. All 

the four rooting cofactors were recorded In preglrdled plus 

etiolated shoots of jack by Llngarajappa (1980) and Shlvanna 

(1983). 

According to Baruah (1988), in mature shoots of custard 

apple, the activity of inhibitors was high and the activities 

of auxin like substances and root promoting cofactors were 

low. The juvenile shoots showed higher activities of au~in 

like substances and root promoting cofactors No.1, 2 and 4, 

while the actiVity of inhibitors was negligible. In all the 

shoot samples, the root promoting cofactor No.3 was absent. 

He observed sesonal effect on root promoting cofactors. The 

root promoting cofactors were higher level in monSoon and 

inhibitors were more in winter season. 



MATERIAL AND METHODS 



III. MATERIAL AND METHODS 

The studies on vegetative propagation in jackfruit were 

carried out at the Horticultural Research Station, Gandhi 

Krishi Vignana Kendra (G.K.V.K), University of Agricultural 

Sciences, Bangalore, situated at an elevation of 830 m above 
o o 

mean sea level, at 12 58' north latitude and 77 35' east 

latitude. Different experiments were carried out with the 

main objective of finding out quicker and easier methods 

among grafting, budding, airlayerlng and rooting of stem 

cuttings. For grafting and budding, the rootstocks were 

raised in polythene bags,for aIr layering and rooting of stem 

cutting, the . ~.tsting trees in the G.K.V.K. campus were 

utilised. Tissue samples were analysed to find out the 

possible relation of biochemical constituents to grafting, 

budding and rooting. The meteorological data for the whole 

period are presented in Appendix I. 

3.1 Collection of jackfruit seeds 

Jackfruit seeds were collected from healthy, fully 

ripened fruits. Large seedS possess better germination 

potential and can produce more vigorous seedlings (Sonwalkar, 

1951). Seeds weighing 5 to 6 g were collected and used for 

raising seedlings. After extraction, the seeds were 

thoroughly washed with water to remove their slimy coating 

and soaked in water for 24 hours to enhance germination. 

These seeds were sown in poJythene bags. 
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3.1.1 Raising of rootstocks in polythene bags 

Polylthene bags of 300 gauge (8" x 6" size) thickenss 

were used for raising jack rootstocks. Pot mixture of red 

earth, sand, farm yard manure (FYM) and coir dust (1:1:1:1 

V!V) treated with one per cent SHC (Benzene Hexachloride) was 

used. Selected healthy, large sized seeds were laid flat on 

the medium with their hilum part facing down. The polythene 

bags holding the seeds were maintained in the nursery with 

necessary care. 

3.1.2 Care of the rootstocks 

Watering was done daily for the seeds sown in the 

polythene bags. Regular hand weeding was done whenever the 

weeds appeared. Germination of seeds started 20 days after 

sowing and continued for 30 to 40 days. The seedlings were 

watered regularly and general prophylactic plant protection 

sprays were given with pesticides and fungicides periodically 

to control the pests and diseases. 

3.1.3 Selection of planting material for air-layers and 
rooting of stem cuttings 

For the preparation of air-layers and rooting of stem 

cuttings, healthy, vigorously growing ten year to fifteen 

year age trees were selected. 

: 3.1.4 Pr.l!parat10n:·o.L·growth'regulator formulations 

8eta-lndole-3 butyriC acid (IBA) and napthalene acetic 

acid (NAA) were used in these experiments for treating the 
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air layers and cuttings. Required quantity of IBA or NAA was 

first dissolved In a small quantIty of Isopropyl alcohol and 

further diluted with 50 per cent isopropyl alcohol. 

EXPERIMENTAL DETAILS 

3.2 ExperIment-I: Effect of rootstocks age on grafting 

success. 

T rea tmen t ~ £! the rootstock 

T 3 months 
I 

T 4 months 
2 

T 5 months 
3 

T 6 months 
4 

T 7 months 
5 

T 8 months 
6 

T 9 months 
7 

T 10 months 
8 

T 11 months 
9 

T 12 months 
10 

Design: Completely Randomi sed Design (CRD) 

Replications: Three 

treatment: 30 (at the rate of 10 grafts 
~ £! grafts per per replication) 

~ £! grafting: 

~ £! grafting: 

300 

Softwood grafting. 

Second week of every month starting from 
November 1990. 
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3.2.1 Selection of rootstock 

Vigorously growing, uniform seedlings of specified age 

were used in different months of grafting. The rootstocks 

were selected every month for softwood grafting. 

3.2.2 Preparation of scion 

The scions from healthy, good and high yielding mother 

tree were used. One season old (6-8 month) shoots of pencil 

thickness, free from pest and diseases were selected for the 

preparation of scions. The terminal tip portion. was removed 

from the selected scion and they were defoliated with a sharp 

secature, keeping one cm of the petiole attached to the 

shoot. Defoliation was done fifteen days prior to grafting 

and these scions were separated on the day of grafting. 

3.2.3 Collection of scion 

The defoliated scion shoots prepared on the selected 

jackfruit trees were separated in the morning hours from 

7.00 to 9.00 am on the day of grafting. The scion shoots 

were separated from the selected tree with sharp secature and 

were wrapped in moist cloth and carried in polythene covers 

to the site of grafting. The scions collected were kept in 

water to get rid of the white latex. These scions were 

dipped In 0.2 per cent aavlstin solution at the time of 

grafting. The scions separated were grafted on the same day. 
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3.2.4 .Grafting method 

3.2.4.1 Softwood grafting 

For the softwood grafting method, the top growth on the 

rootstock was decapitated with a knIfe. The girth of the 

stock in that region is almost equal to that of the scion 

stick. After this, a longitudinal cut of 5 cm length was 

given on the terminal trimmed rootstock. The top of the 

rootstock appeared like the letter 'V'. The leaves below the 

'V' cut were intact. A sCion of about the same thickness as 

that of the rootstock with a 'v' cut on the rootstock was 

selected. The length of the sCion was about 10 cm. The 

lower end of the scion was cut Into gently sloping wedge of 

about 5 cm by removing the bark and a little wood from the 

two opposite sides. Care was taken to retain some bark on 

the remaining two sides. The wedge shaped scion thus 

prepared was inserted Into the'V' shaped slit of the stock 

and secured firmly with 1.5 cm wide and 45 cm lon9, 200 guage 

white transparent polythene strip. The scions were covered 

with small transparent bags to avoid desiccation of the 

scions by creating humidity near and above the graft union 

region. 

3.2.5 

1. 

2. 

Observations recorded 

Percentage of graft union success was recorded after 30 
days and 60 days of grafting. 

Number of sprouts on the scion after 30, 60, 90 and 120 
days of grafting was recorded. 
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3. Number of leaves on the sprout of scion after 30, 60, 
90 and 120 days of grafting was recorded. 

4. Sprout length on the scion after 30, 60, 90 and 120 
days of grafting was recorded. 

3.3 Experiment-II: Effect of curing of scion on softwood 
grafting success rate. 

Age ~ stock Duration ~ scion ~ring 

T 4 months 20 days 
1 

T 4 months 15 days 
2 

T 4 man t hs 10 days 
3 

T 5 months 20 days 
4 

T 5 months 15 days 
5 

T 5 months 10 days 
6 

T 6 months 20 days 
7 

T 6 months 15 days 
8 

T 6 months 10 days 
9 

T 7 months 20 days 
10 

T 7 months 15 days 
11 

T 7 months 10 days 
12 

T B months 20 days 
13 

T B months 15 days 
14 

T 8 months 10 days 
15 

Desig~: Completely Randomised Design (CRD) 

Replications: Two 

t_:!~ ~ grafts ~ t rea tmen t: 20 (at the rate of 10 grafts 

~~ ~ grafts: 
per repl lea t ion) 

300 

Date £! grafting; Third weel< of every month starting from 
December, 199D. 
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3.3.1. Selection of rootstock 

Vigorously growing,unlform seedlings of Specific age were 

used for softwood grafting. 

3.3.2 Preparation of scion 

For this experiment the leaf blades from the selected 

shoots were removed, keeping 1.00 em long petioles attached 

to the scion shoots. The shoots were allowed to remaIn ~ 

such on the tree for 10-20 days. While, preconditioning, 

separating and grafting care was taken as described in the 

previous experiment. 

3.3.3 Method of grafting 

Softwood grafting was done on specified age jack 

rootstocks. The method followed was as described in the 

previous experiment. 

3.3.4 ObservationS recorded 

1. Percentage of graft union success was recorded after 
30 and 60 days of grafting. 

2. Number of sprouts on the scion after 30,60,90 and 120 
days of grafting was recorded. 

3. Number of leaves on the sprout of scion after 30,60,90 
and 120 days of grafting was recorded. 

4. Sprout length on the scion after 30,60,90 and 120 da~s 
of grafting was recorded. 

3.3.5 After care of grafts 

The grafted plants raised in polythene bags were kept 

under partial shade. The plants were regularly watered. The 

transparent polythene covers put on the graft covering the 
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graft union regions were removed when the sprouts emerge on 

the scions 25 days after grafting. The sprouts appearing on 

the rootstock below the grat t ur'lioi'l Nere removed regularly 

whenever not i.ced. Regular prophy lac tic sprays wi th 

insecticides were given to control the attck of pests. 

3.4 Experiment-III: Effect of age of rootstock on the 
success of chip budding 

Treatments Age Ei rootstocks 

T 3 months , 
T 4 months 

2 
T 5 months 

3 
T 6 months 

4 
T 7 months 

5 
T 8 months 

6 
T 9 months 

7 
T 10 months 

8 
T 11 months 

9 
T 12 months 

10 

Design: Completely Randomised Design (CRO) 

Replication: 3 

Number of budlings ~ treatment: 30 (at the rate of 10 
budlings per replication) 

Total ~ E! budlings: 300 

Date E! budd~: Last week of every month starting from 
September,1991. 



3.4.1 Selection of rootstock 
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Vigorously growing, healthy,uniform seedlIngs of 

specified age were used for chip budding. 

~.4.2 Preparation of buds 

The buds were prepared on healthy mother trees. One 

season old (6 to 8 month) shoots of pencil thickness, free 

from pest and diseases were selected. The selected shoots 

were defoliated by removing the leaves with a sharp secature, 

keeping one em of the petiole attached to the shoot. 

,Defoliation was done 20 days prior to budding and these bud 

sticks were separated on the day of budding. 

3.4.3 Collection of buds 

The defoliated shoots were separated In the morning hours 

from 7.00 am to 9.00 am on the day of budding. These bud 

sticks had about four to six usable buds. The bud sticks were 

separated from the mother tree with sharp secature and were 

wrapped in moist cloth and carried in polythene covers to the 

site of budding. These bud sticks were placed in water to 

leache out latex and then dipped in 0.2 per cent Bavistin 

solution at the time of budding. 

3.4.4 Budding method 

3.4.4.1 Chip budding 

Chip budding 15 generally done when the bark does root 

slip well. A chip of bark about 2.5-3.0 em long was removed 

from a smooth place of the internode of the rootstock. Thero 
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p..t)other .chip of the same size and shape and containg a mature 

bud was collected from the budstick and placed on the 

rootstock. The bud was then wrapped securelly with 1.0 cm 

wide and 30.0 cm long, 200 gauge white transparent polythene 

strip. Then the budlings were kept in poly!hene chamber to 

avoid desica! ion and to prevent the buds f rom dry ing ou t by 

creating humidity. 

3.4.5 Observations recorded 

1. Percentage success recorded after 30 and 60 days of 
budding. 

2. Number of leaves on the sprout of successful budlings 
af ter 30, 60, 90 and 120 days of bud ding. 

3. Sprout length of successful budlings after 30, 60, 90 
and 120 days of budding. 

3.5 Experiment-IV: Studies on different methods of budding 
in jackfruit plant. 

Treatment Method of budding 

T 'T' budding 
1 

T Inverted 'T' budding 
2 

T Patch budding 
3 

T Ring budding 
4 

T Chip budding 
5 

DeSign: Completely Randomised DeSign (CRD) 

Replication: Four 

Number ~ budllngs per treatment: 40 (at the rate of 10 

~ number ~ budllngs: 200 
budlings per replication) 

~ ~ ~ rootstock: six month old 

Season: December, 1991 
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The. same experiment was again carried out on 12 month 

old ro<?tstock during June, 1992. 

3.5.1 Selection of rootstock 

Vigorously growing, uniform seedlings of 6 and 12 

months aged were used as rootstocks for different methods 

budding. 

3.5.2 Selection of buds 

of 

Buds from healthy mother tree, preconditioned for 20 

days were used for budding. For preconditIonIng and 

separation of buds as per the procedures described in the 

previous experiment were foHowed. 

3.5.3 Method of budding 

3.5.3.1 Chip budding 

Chip budding method followed is described In the 

previous experiment. 

3.5.3.2 'T' budding 

Suitable rootstock was selected for 'T' budding. A T-

shaped incision was made through the bark and the two flaps 

of the bark were loosened with the help of the blade of a 

budding knife. The shield bud was cut out from the bud 

stick by passing the blade of the knife, so 6S to remove a 

shield - shaped patch of bark wIth a bud about 2.5 cm long 

and just slightly wider than the bud. The bud should be a5 

thin as possible and the wood was removed before placing t~e 

bud into the stock. The bud was then slipped into the T-cut 
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on the stock and tied with polythene tape leaving the bud and 

the leaf stalk exposed. Then the budlings were kept In 

polythene chamber under humid conditions to avoid desication 

and to prevent the buds from drying out. 

3.5.3.3 Inverted 'T' budding 

The techniques of inverted T -bud method are same as 

that of T-budding, except that the incision in the stock has 

the transeverse cut at the bottom rather than at the top of 

the vertical cut, and while removing the shield piece from 

the budstick the kn i f e starts above the bud and cuts 

downwards. The shield was removed by making the transverse 

cut 2.5 cm below the bud. The shield piece containing the 

bud was inserted Into the lower part of the Incision and 

pushed upward unt il the transverse cut of the sh.ield meets 

the t"anverse cut that made in the stock. Then the bud was t fed 

with polythene tape and kept in polythene chamber., 

3.5.3.4 Patch budding 

Patch budding was done on rootstock which are slightly 

thicker. The bark containing the bud was cut out in a 

rectangular form and a patch of bark equal to that of bud 

patch was removed on the rootstock. The bud was placed on the 

rootstock where a patch of bark was removed to arrange the 

bud and then tied with polythene tape and kept in polythene 

chamber. 
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3.4.3.5 Ring budding 

A ring of bark 1.25 to 2.50 cm long and containing a 

gOOd bud was loosened from the scion wood and slipped off 

from one end of the branch. The stock havIng the same 

diameter as that of the scIon budstick was cut back to a 

height where budding to be done. Then a portion of the bark 

was ~eeled off and the ring of bark containing the bud was 

slipped down over the stock and t led wi th polythene tape and 

kept in polythene chambers to avoid desication. The 

polythene chambers mainta!nes high humidity. 

3.5.4 Observations recorded 

1. Percentage of budding success after 30 and 60 days of 
budding. 

2. Number of budlings survived after 60 days. 

3. Number of budlings'dead. 

3.5.5 After care of budlings 

The budlings were kept in polythene chamber. The 

plants were regularly watered. The sprouts appearing on the 

rootstock below the bud union were removed regularly 

whenever noticed. Once the bud union was formed, the tape 

was removed and the top of the root stock was cut back. 

Regular prophylactic plant protection sprays were given to 

control the attack of pests and diseases, 



3.6 Experiment-V: Effect of growth regulators on rooting 
of air layers of jackfruit. 

Treatments 

T 
1 

T 
2 

T 
3 

T 
4 

T 
5 

T 
6 

T 
7 

T 

T 

B 
l' 

9 

10 
T 

11 

Concentration of srowth 
regulators ~ 

Cont ro 1 

ISA 10000 

lBA 7500 

IBA 5000 

IBA 2500 

ISA 1000 

NAA 10000 

NAA 75DO 

NAA 5000 

NAA 2500 

NAA 1000 

Design: Completely Randomised Design (CRO) 

Replication: Three 

55 

Number ~ air layers per treatment: 30 (at the rate of 10 
layers per replication 

The experiment was carried out in three seasons i.e., 

winter (October), sumner (February) and rainy (July). 

3.6.1 Selection of materials 

Healthy, vigorously growing, one season old shoots with 

stem thickness ranging from 1.0 to 1.2 em from 15 year old 

plants were selected for air layering. 
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3.6.2 Preparation of aIr layers 

Shoots of 50 to 60 cm length were selected for the 

experiment. A ring of bark measuring 2.5 cm length was made 

by carefully removing the bark just below the node end the 

wood exposed was rubbed with fIngers to remove the cambium 

tissue. Growth regulator (lBA and NAA) was smeared to a 

length of 2.5 cm from the exposed shoot over the bark above 

the upper end of the ring. The exposed portion of the 

control shoots are treated with water. The treated shoots 

were then covered with moist spagnum moss (which was treated 

wi th 0.2 $ Captan) and wrapped wi th polythene sheet by tleir,g 

both the ends with gunny thread. 

3.6.3 Observations recorded 

3.7 

1. Number of air layers rooted 
2. Number of roots on rooted air layer 
3. Length of the longest root 
4. Length of the shortest root 
5. Number of layers survived 

Experiment-VI: Effect of girdling + etiolation on 
rooting of air layers of jackfruit. 

Treatments Concentration £l growth regulators (ppm) 

T Control ( No girdl ing + etiolation) 

1 
T Girdling + et iolat ion + lBA 10000 

2 
T Girdling + etiolation + lBA 7500 

3 
I BA 5000 T Girdling + etiolation + 

4 

T Girdling + etiolation + lBA 2500 

5 
T . Girdling + etiolatio[l + lBA 1000 

6 
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T Girdling + e t i 0 I a t i on + NAA 10000 
7 

T Girdling + e t I 0 I a t ion + NAA 7500 
8 

T Girdling + e t 101 a t ion + NAA 5000 
9 

T Girdling + etiolation + NAA 2500 
10 

T Girdling + etiolation + NAA 1000 

'1 
Design: Completely Randomised Design (CRD) 

Three 

Number of --- - air layers per treatment; 30 (at the rate of 10 
layers per replication) 

The eKperiment was carried out in three seasons i.e., 

winter (October), summer (February) and rainy (July). 

3.7.1 Selection of materials 

Healthy, vigorously growing one season old shoots with 

stem thickness ranging from 1.0 to 1.2 cm from 15 year old 

plants were selected for air layering. 

3.7.2 Preparation of air layers 

3.7.2.1 Pregirdling and etIolation 

Shoots of 50 to 60 em length were selected for the 

experiment. The shoots were girdled by removing a ring of 

bark measuring about 2.5 cm length. Girdling waS done from 

the portion just below the node. The exposed wood was rubbed 

with finger to remove cambium tissues. Then a black polythene 

film was covered around the shoots, covering the ring of bark 
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removed, up to a length of 5.0 cm from the upper cut end of 

the ring. Thirty days after girdLing and etiolation, 

layering was done as described in the previous experiment. 

For control girdling and etllation treatments were not gIven. 

3.7.3 ObservatIons recorded 

1. Number of layers survived 
2. Number of 1 ayer-s rooted 
3. Number of roots on rooted air layer 
4. Length of the longest root 
5. Length of the shortest root 

3.7.4 After care of air layers 

The layered trees were kept under constant observatIon 

for mechanical damage. Polythene wrappers were replaced 

whenever they were found damaged by birds or squirrels. 

3 .. 7.5 5amp~ing 

The shoot samples were collected from the 

precondi t ioned and control shoots for estimation of 

nitrogen, reducing sugars, non-reducing sugars, total sugars, 

protein and rooting cofactor studies at the time of air 

layering. The samples were collected from the upper edge of 

the ring or the corresponding region of all the non-ringed 

shoots. 

3.8 Experiment VII: 

Treatments 

T 
1 

T 
2 

Effect of growth regulators on rooting of 
stem cuttings. 

Concentration £.!. srowt h 

regulators (ppm) 

Control 

IBA 10000 



T ISA 7500 
3 

T ISA 5000 
4 

T IBA 2500 
5 

T IBA 1000 
6 

T NAA 10000 
7 

T NAA 7500 
8 

T NAA 5000 
9 

T NAA 2500 
10 

T NAA 1000 
11 

Design: Completely randomised design (CRD) 

Replication: Three 

Number of cuttings/treatment: 

Total number of cutting: 330 

Type of cuttings: Hardwood. 

30 (at the rate of 10 per 
replication) 

Season: Winter (October): Summer (March); Rainy ( June) 

3.8.1 Selection of plant material 

59 

Current season shoots having good, healthy and uniform 

thickness (1.0 to 1.2 em) were selected for hardwood 

cuttings. 

3.B.2 Preparation and treatment of cuttings 

Hardwood cuttings were separated from the mother tree 

and the tender terminal green wood portion of cutting were 

cut off. Cutting of 15 to 20 em length were collected before 

10 a.m, All the cuttings were wrapped In moist paper and 
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taken to the mist unit. The cuttings were trlrrYlled to about 

15 to 20 cm length. On each cutting, four vertical Incisions 

of 2.5 cm length were made at the base. Solution of IBA and 

NAA was prepared in 50 per cent isopropyl alcohol. The 

basal 2 cm part of cuttings was dipped for 30 seconds In 

solution of IBA and NAA depending upon the respective 

treatments. Suusequently the cuttings were planted when the 

solution dried up. The medium used. was. sand. 

3.8.3 Planting of cutting 

The cuttings were planted in pots f I J led wi th 

washed sand as a rooting medium and kept under intermittant 

mist in a mist chamber. Care was taken to ensure that 

regular intermittant mist was given for 10 seconds with an 

interval of fifteen minutes from 8.00 a.m. to 6.00 p.m. 

3.B.4 After care 

To prevent the attack of fungal infection and other 

pathogenic damage, regular spray wi th a mixture of 'Bavistirr' 

. Md 'Rogor' was given at fortnightly intervals. 

3.8.5 Observations recorded 

1. Number of cuttings survived 
2. Number of cuttings with callus formation. 
3. Nu~ber of roots formed per cuttings. 
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3.9 Experiment-VIII: Effect of girdling and etiolation on 
rooting of stem cuttings. 

Treatments Concentration ~ growth ~ulators iEpm) 

T 
1 

T 
2 

1 
3 

T 
4 

T 
5 

1 
6 

1 
7 

1 
8 

1 
9 

1 
10 

T 
11 

Design: 

Number of 

Control ( No girdling + etiolotion) 

Girdling + etiolation + lBA 10000 

Girdling + etiolation + r8A 7500 

Girdling + etiolation + l8A 5000 

Girdling + etiolation + lBA 2500 

Girdling + etiolation + lBA 1000 

Girdling + etiolation + NAA 10000 

Girdling + etiolation + NAA 7500 

Girdling + etiolation + NAA 5000 

Girdling + etiolation + NAA 2500 

Girdling + etiolation + NAA 1000 

Completely Randomised Design (CRD) 

cuttings per treatment: 30 (at the rate of 
per replication) 

10tal number ~ cuttings: 330 

Type £!. cuttings: Hardwood 

10 

Season: Winter (October): Summer (March): and Rainy (june). 

3.9.1 Selection of material 

Healthy, vigorously growing current season shoots of 

Uniform thickness (1.0 to 1.2 em ) were selected. 



3.9.2 Preparation and treatment of cuttings 

3.9.2 Girdling and etiolation 
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Current season's shoots having gooo, healthy and 

uniform thickness were selected and were girdled by removing 

a ring of bark of 2.5 em width from the portion just below 

a node at a distance of 30 cm from the tip of th" shoot. The 

exposed wood was rubbed with finger to remove the cambium 

tissue. The girdied portion was etiolated by black polythene 

sheet. Thirty days after girdling and etiolation, the 

cuttings were prepared as described in the previous 

experiment. For control, the cuttings were not girdled or 

etiolated. 

3.9.3 Observations recorded 

1. Number of cuttings survived 
Z. Number of cuttings with callus formation 
3. Number of roots per cuttings 

3.9.4 Sampling 

The shoot sampies were collected from the girdled and 

etiolated shoots and also from the shoots which were not 

girdled and etiolated. The tissue sampies were used for the 

estimation of nitrogen, sugar, starch and rooting co-factors 

at the time of planting the cuttings, The samples were 

collected from the upper edge of the ring from the girdled 

and etiolated shoots and from the correspondlrlg region of the 

non-girdled and non-etiolated shoots in case of control. 
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3.10 Chemical analysis 

Rootstocks of different age and scions cured for 10, 

15 and 20 days were analysed. Shoots of jackfruit used for 

the preparation of air-layers and slem cuttings allowed to 

root were also analysed. The tissue samples were analysed 

for the following constituents. 

1. Dry matter percentage 
2. Reducing sugars 
3. Non-reducing sugars 
4. Total sugars and starch 
5. Total carbohydrates 
6. Total nitrogen 
7. Protein 
8. Carbohydrate I nitrogen ratio 

Fresh samples of nonjuvenlle, girdled and non-gIrdled 

shoots of jackfruit were analysed for rooting cofactors. 

3.10.1 ory matter percentage 

A known quantity of fresh material was dried in an oven 
a 

at temperature ranging between 60 and 70 C for 48 hours. 
a 

Orying was completed at a temperature of 100 C for two to 

three hours till two consecutive weight were constant. The 

dry matter percentage was calculated by the formula. 

Total dry weight of the sample 
------------------------------------- x 100 

Total fresh weight of the sample 

3.10.2 Determination of sugars 

Extraction of the samples for the determination of 

sugars was done according to the modified procedure of Asana 

and Saini (1962). 



3.10.2.1 Estimation of totai sugars 

extract, 

HCI (2.5 ml ) was added and then heated on a water bath 

To an aliquot ( 5 ml) of the clarified 
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O.SN 

for 

30 minutes. After cooling, the excess acid was neutralised 

with 0.5 N NaoH using a drop of phenopthelein as an 

indicator. The contents were made slightly acidic by adding 

a drop of 0.1 N oxalic acid and then made to a known volume 

(100 mil by adding distilled water. From this an aliquot 

(0.5 ml ) was taken and total sugars were determined as in 

the case of reducing sugars. 

A standard curve for glucose was plotted and the amount 

of reducing sugars and total sugars were estimated with 

reference to the standard curve. The amount of non-reducing 

sugars was calculated by the difference between total sugars 

and reducing sugars. 

3.10.2.2 Estimation of reducing sugars 

The reducing sugar estimation was carried out by 

Nelson-Somogi Micro Copper Method (1944). To an aliquot 

(Iml) of the clarified extract, copper reagent (1 ml) was 

added and heated in a boIlIng water bath tor 12 mInutes. 

After cooling under tap water, arsenomolybdate reagent (1 ml) 

was added and the voiume was made to 10 ml b, adding 

distilled water. The colour Intensity was measured at 530 nm. 
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3.10.3 Estimation of starch 

The residual plant material remaining after extraction 
o 

of sugars with ethyl alcohol was dried at 60 C and the 

weight was recorded. A sample of the dried residue (50 mg) 

was suspended in water (5 ml) with five to seven drops of 

10N HCl and boiled for half-an-hour on a water bath to 

hydrolyse starch. This was then cooled under running tap 

water and centrifuged, and the supernatent liquid decanted. 

This was made up to a known volume (100 ml). 

The starch content was estimated as per the procedure 

adopted for reducing sugars wi th Somogy 's method. In this 

procedure glucose was used as a standard. The amount of 

glucose equivalent obtained··was mul t ipl led by 0.9 to get 

starch content. 

3.10.4 Total carbohydrates 

Total carbohydrates content was calculated by adding 

together the values for total sugars and starch content. 

3.10.5 Estimation of total nitrogen 

The dried and powdered samples were used for the 

estimation of nitrogen. Nitrogen was determined by following 

micro-kjeldhal method as outl ined in A.O.A.C. (1970). The 

results were expressed as percentage. 



3.10.6 EstImatIon of carbohydrates/nItrogen ralio 
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The value of total carbohydrates present In the plant 

samples was divided by that of total nItrogen to get the 

carbohydrates/nitrogen ratio. 

3.10.7 Protein 

The protein content was obtained by multiplying the----­

percentage nitrogen with the factor 6.25 i.e., % N x 6.25. 

"3.10.8 Bioassay 'of rooting co-factors 

The rooting co-factors in the cuttings and air-layers 

of jackfruit shoots were assayed by using mung bean bioassay 

technique as followed by Hess (1961). Fresh shoot samples 

collected were thoroughly washed by USing distilled water. 

The excess water was removed by pressing them gently In 

between two blotting papers. The shoots were Chopped into 

small pieces and 100g of the sample was used for the bioassay 

purpose. The samples were macerated with ice-cold methanol. 

The macerated material was submerged in excesS of the 
o 

methanol and allowed to stand at -15 C for eight hours. At 

the end of extraction period the clear supernatent liquid was 

decanted. The plant material was again submerged in methanol 

after thorough miXing and the supernatent was decanted after 

eight hours. After twa mare sLich extractions the residue 

was washed with fresh methanal. All the decantat ions and 

the washings. were combined and filtered. The filterate was 
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evaporated to dryness in a flash evaporator under reduced 
o 

pressure at 35 to 40 C. The dry residue was dissolved in 

methanol (10 mil and was used for bioassay. 

Whatman No.3 chromatographic paper was streaked with 

100 4 aliquot. The chromatograms was developed by descending 

chromatographic technique by using Isopropanol and water (8:2 

V!V) proportion. When the front was advanced 30 em, 

chromatograms were taken out from the chamber and dried in 

focced air for 30 minute. Chromatograms were cut into 3 cm 

sections. 

as control. 

Blank strip developed in the same solvent served 

Each section was placed In a vial containing 4 
-6 

ml solution of 5 x 10 M of IAA. Ten mung bean cuttings 

containing primary leaves, epicotyl and 3 Cm hypocotyl 

tissue were placed in each vial. The vials were placed in a 

growth chamber. The chamber was illuminated for 16 hours a 

day with a light intenSity of approximately 2000 foot candles 
o 

and temperature of 20 C. The IAA present In the vials and 

the substances leached from the chromatogram sections were 

taken up by the cuttings within 12 hours. Glass distilled 

water was added to the level of the cotyledonary node and 

maintained throughout the period of assay. At the end of 

sixth day, the cuttings were removed and number of roots per 

cutting was counted. The mung bean rooting bioas5ay test for 

all the 5amples was done In duplicate and the average values 
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worked out. Hlstogra~5 were prepared to show the places of 

promotion and inhibition of roots. 

According to Hess (1961), the approximate Rf values 

of four rooting co-factors separated by using solvent system 

Isopropanol and water (8:2 V/V) as mentioned beiow were used -for identifying the presence of the various co-factors on the 

chromatograms of the different shoot extracts studied. 

Rootins co-factors Rf-values 

1 0.1 
2 0.3 
3 0.6 
4 0.6 

~ 

3.11 StatistIcal interpretatIon of data 

Statistica1 interpretation of the data of all the 

experiments were done by following Fisher's analysis of 

variance technique as given by Panse and Sukhatme (i957). 



EXPERIMENTAL RESULTS 



IV. EXPERIMENTAL R~SULTS 

The results of different e~periments carried out are 

presented in this chapter. The experiments were carried out 

to standardise the vegetative propagation techniques In jack. 

Propagation techniques like grafting, budding, air layering 

and from cuttings were carried out. Effect of age of 

rootstocks on success of softwood grafting, budding and the 

effect of scion curing on softwood grafting were also 

studied. Effect of growth regulators and season on rooting of 

air layers and cuttings were also studied. The data on 

various constituents like dry matter percentage, nitrogen, 

sugars, starch and rooting cofactors are also presented in 

this chapter. 

4.1 Effect of rootstock age on grafting success in jack 

This experiment was carried out to find Oul the optimum 

age of rootstock for carrying out softwood grafting in 

jack.The grafting operation was carried out at monthly 

intervals on three month to twelve month old rootstocks. Pre­

cured scion sticks were used for grafting purpose. 

4.1.1 Per cent graft union success 

The data on the per cent graft union success on 30 th 

day and 50 th day after grafting are presented in Table 1 and 

Fig. 1, (Pl~te I). 

The per cent graft union success on the 30 th d~) and 

60 th day after grafting showed significant differences among 

the treatments. 



Table 1: Effect of rootstock age on graft union success in Jack 

Graft union success (per cent) 
Treatments ---------------------------------------------

(Age of rootstock) 30 (JAG 60 (JAG 

T - 3 month 10.00 (lB.43) 10.QO (lB.43) 
1 

T - 4 month 10.00 (18.43) 10.00 (18.43) 
2 

T - 5 month 23.33 (28.78) 16.67 (23.36) 
3 

T - 6 month 40.00 (39.23) 36.67 (37.22) 
4 

T - 7 month 33.33 (35.21) 30.00 (33.00) 
5 

T - 8 month 23.33 (28.07) 20.00 (25.36) 
6 

T - 9 month 23.33 (28.07) 15.00 (22.59) 
7 

T - 10 month 25.00 (29.92) 20.00 (26.56) 
8 

T - 11 month 10.00 (18.43) 10.00 (18.43) 
9 

T 12 month 15.00 (22.59) 15.00 (22.59) 
10 

---------------------------------~-------------------------------

C.D at 5% 

S.Em + 

C.V. (%) 

11.39 (7.94) 

3.87 ( 2.70) 

31.94(17.64) 

DAG = Days after grafting. 

13.34 ( 9.33) 

4.53 ( 3.17) 

42.83 (22.34) 

Values in the parentheses indicate angular transformed ones 
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Plate I Successful'softwood grafts of jack 
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On the 30 th day after grafting, the maximum graft 

union success was recorded in six month old rootstock (40.00 

%). The lowest success was in case of eleven month old 

rootstock (10.00 %) however, it was on par with three month 

old, four month old and twelve month old rootstocks. On 

the 60 th day after grafting, six month old rootstock has 

given maximum success (36.67 %) followed by seven month old 

rootstock (30.00 %) but these two treatments were on par. The 

least success was recorded by three, four and eleven month 

old rootstock (10.00 %) which were on par with ten, five, 

eight, nine and twelve month old rootstocks. 

4.1.2 Effect of age of rootstocks on average number of 
leaves per graft 

The data on average number oJ leaves on 30th, 60th, 

90th and 120th day after grafting are presented in Tabel 2 

and Fig. 2. The average number of leaves per graft on 30th, 

60th, 90th and 120th day after grafting were significantly 

different among the treatments. 

On the 30th day, a maximum number of leaves per graft 

was in eight month old rootstock (7.83) followed by six month 

old rootstock (6.40) but these two treatments were on par. 

The least number of leaves recorded was 1.00 in ten month old 

rootstock which was on par with eleven month old rootstock 

which had an average leaf number of 1.66. 



Table 2: Effect of rootstock age on average number of leaves per graft in Jack 

Average number of leaves 
Treatmel'\ts ------------------------------------------------------------

(Age of rootstock) 30 DAG 60 DAG 90 DAG 120 OAG 

T - 3 month 3.50 (1.99) 5.50 (2..44) 11.00 (3.38) 13.50 (3.74) 
1 

T - 4 month 3.00 (1.85) 6.00 (2.54) 11.50 (3.46) 15.50 (3.99) 

2 
T - 5 month 4.33 (2.18) 6.60 (2.64) B.20 (Z.89) 10.66 (3.ll) 

3 
T - 6 month 6.40 (2.60) 14."0 (3.B5) 16.33 (4.10) 19.83 (4.50) 

" T - 7 month 4.93 (2.32) 10.33 (3.26) 13.63 (3.74) 1".56 (3.86) 
5 

T - 6 month 7.83 (2.86) 11.63 (3.50) 16.23 (4.09) 19.16 (4.43) 

6 
T - 9 month 3.50 (1.99) 4.00 (2. ") 7.66 (2.B5) 9.75 (3.20) 

7 
T - 10 mc.lnth 1.00 (1.22) 5.50 (2.,,4) 9.75 (3.20) 14.25 (3.84) 

8 
T - 11 month 1.66 (1.46) 2.76 (1.B<l) 4. TO (2.131 5.43 (2.40) 

9 
T 12 month 2.66 (1. 78) 5.10 (2.36) 10.25 (3.27) 14.50 (3.87) 

10 
-----------------------------------------~--------------------------------------' 

C.D at 5% 1.96 (0.41) 2.89 (0.47) 3.13 (0.51) 3.25 (0.48) 

S.Bn. !. 0.66 (0.14) 0.98 (0.16) 1.05 (0.17) 1.10 (0.16) 

C.V. ($) 29.78(11. 94) 23.64(10.38) 16.99 (9.09) 13.97 (7.61) 

DAG = Days after grafting. 

Values in the parentheses Indicate square rwl transfonned ores 
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On the 60 th day aft er graf ting, t he max Imum average 

number of leaves recorded was 14.40 in six month old 

rootstock followed by eight month ala rootstock (11.83). 

However, these two were on par. The lowes t number of 1 eaves 

recorded was in eleven month old rootstock (2.76). However, 

it was on par with three, nine, ten and twelve month old 

rootstocks. 

On the 90th day after grafting, six month old rootstock 

recorded maximum number of leaves (16.33) followed by eight 

month old rootstock (16.23), but these two were on par. 

Least number of leaves was recorded in eleven month old 

rootstock (5.43). 

On the 120th day after grafting, maximum average number 

of leaves per graft was in six month old rootstock (19.63) 

followed by eight month oid rootstock (19.16), but were on 

par. Least number of leaves recorded was 5.43 in eleven 

month old rootstocks. 

At all stages of growth six month and eight month old 

rootstocks have produced maximum number of leaves. 

4.1.3 Effect of age of rootstocks on number of sprouts per 
graft 

The data on average number of sprouts on 30th, 60th, 

90th and 120th day after grafting are presented in Table 3 

and Fig. 3. The difference for average number of sprouts orr 

scion portion of the graft on 30th, 60th, 90th and 120th day 

after grafting were significant among the treatments. 

73 
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Table 3: Effect of rootstock age on average nunber of sprouts per graft In jll~' 

Average number of leaves 
Treatments ------------------------------------------------------------

(Age of rootstock) 30 DAG 60 DAG 90 DAG 120 DAG 

T - 3 month 1.00 (1. 22) 2.00 (1.58) 2.00 (1.58) 2.00 (1.58) 
1 

T - 4 month 1.50 (1.40) 2.50 (1.72) 2.50 (1. 72) 2.16 (1.62) 
2 

T - 5 month 1.50 (1.40) 1.66 (1.46) 1.86 (1.53) 2.20 (1.63) 
3 

T - 6 month 2.75 (1.78) 2.93 (1.84) 3.00 (1.86) 3.16 (1.91) 
4 

T - 7 month 2.33 (1.68) 2.76 (1.80) 2.90 (1.83) 2.90 (1.83) 
5 

T - 8 month 4.11 ( 2.14) 4.06 (2.11) 4.16 (2.14) 4.16 (2.14) 
6 

T - 9 month 1.50 (1.40) 1.50 (1. 40) 2.25 (1.65) 2.25 (1.65) 
7 

T - 10 month 1.00 (1. 22) 2.00 (1.58) 2.00 (1.58) 2.00 (1.58) 
8 

T - 11 month 1.00 (1.22) 0.76 (1. 11) 0.76 (1.11) 0.76 (1. 11 ) 
9 

T 12 month 1.75 (1.48) 1.50 (1.40) 1.50 (1.40) 1.50 (1.40) 
10 
---------------------------------------------------------------------------------

C.D at 5% 1.16 (0.31) 1. 22 (0.33) 1.11 (0.29) 1.18 (0.31) 

5.frn. + 0.39(0.10) 0.41 (0.11) 0.37 (0.10) 0.39 (0.10) 

C.V. ($) 37.25(12.56) 33.22(12.35) 28.61(10.57) 29.96(11.35) 

DAG = Days after grafting. 
Values in the parentheses indicate square root transfonned ones 
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On the 30th day after grafting, the maximum number of 

sprouts recorded was 4.11 in eight month old rootstock. The 

minimum number of sprouts recorded was 1.00 in eleven month 

old rootstock but on par with three, four, five, nine, ten 

and twelve month old rootstocks. 

On the 60th day after grafting, eight month old 

rootstock recorded maximum number of sprouts (4.06) followed 

by six month old rootstock (2.93), but these two were on par. 

Least number of sprouts was in eleven month old rootstock 

(0.76). However, it was on par with five, nine and twelve 

month old rootstocks. 

On the 90th day after grafting the maximum number of 

sprouts was in eight month old rootstocks (4.16). The lowest 

number of sprouts recorded was on eleven month old rootstock 

(0.76), but it was on par with five month old and twelve 

month old rootstocks. 

On the 120th day after grafting, the maximum number of 

sprouts recorded was 4.16 in eight month old rootstock 

followed by six month old rootstock (3.16), however, these 

two treatments were on par. The lowest number of sprouts 

recorded was in eleven month old rootstock (0.76), but on 

par with twelve month old rootstocks. 

4.1.4 Effect of age of rootstocks on sprout length on scion. 

The data pertaining to the average sprout length on 

30th, 60th, gOth and 120th day after grafting are given in 

Table 4 and Fig. 4. 



Table 4: Eff~ct of rootstock age on average number of sprout length of graft 
in Jack 

Average sprout length (an) 
Treatments -------------~--------------------------------------------

(Age of rootstock) 30 DAG 60 DAG 90 Ot>G 120 [Wj 

T - 3 month 5.50 (2.44) 7.50 (2.82) 9.50 (3.16) 12.00 (3.53 
1 

T ~ 4 month 5.00 (2.33) 7.50 (2.82) 9.50 (3.15) 12.50 (3.60 
Z 

T - 5 month 3.53 (1.98) 4.20 (2.13) 7.46 (2.75) 9.50 (3.08 
3 

T ~ 6 month 4.96 (2.29) 7.55 (2.a2) 10.45 (3.30) 12.54 {3.60 
4 

T - 7 month 2.56 (1. 7/1) 5.85 (2.51) 7.56 (2.83) 10.15 (3.25 
5 

T - 8 month 2.87 (1.82) 4.55 (2.26) 7.87 (2.88) 8.16 (2.93 
6 

T - 9 month 1.50 (1.40) 2.43 (1.70) 6.25 (2.59) 9.00 (3.08 
7 

T - 10 month 1.00 (1.21) 5.00 (2.33) 6.25 (2.58) 7.50 {2.81 

8 
T - 11 month 1. 38 (I. 36) 2.16 (1.56) 2.76 (1.68) 3.66 (1.84 

9 
T - 12 month 1.00(1,21) 3.33 (1.95) 5.50 (2,44) 7.75 (2.87 

10 
----------------------~~--------------------------~--------~------------------. 

C.D at 5% 1,82 (0,46) 2.41 (0.55) 3.33 (0.68) 4.25 (0.81. 

S, Ein. + 0.61 (0.15) 0,82 (0.18) 1.13 (0.23) 1.44 (0.27: 

C.V. (%) 36.57(15.35) 28. 28( 14. 17) 26.85(14.77) 27.01 {15.69; 

DAG : Days after grafting. 
Values in the parentheses Indicate square root transformed ones 
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The length of sprout on scion after 30th, 60th, 

77 

90th 

and 120th day of grafting recorded 

among the treatments. 

significant differnee 

On the 30th day after grafting, three month old 

rootstocks recorded heighest sprout length (5.50 em) followed 

by four month old rootstock (5.00 em ) and SiK month old 

rootstock (4.96 em). However, these treatments were on par. 

The lowest sprout length was in case of twelve month old 

stocks (1.00 em). 

On the 60th day after grafting, the maximum sprout 

length was found in SiK month old rootstocks (7.55cm). 

However, it was on par with three, four and seven month old 

rootstocks. Lowest sprout length was in case of eleven month 

old rootstocks (2.16 em). 

On the 90th dar after grafting, the maximum sprout 

length 

(10. 45cm). 

was in case of six month old rootstock 

However, it was on par with three, four, five, 

seven and eight month old rootstock. The sprout length of 

(2.76 em) was the minimum in eleven month old rootstocks. 

On the 120th day, the average sprout length of 12.54 em 

was maximum in six month old rootstocks. However, it was on 

par wi th three, four, fIve, seven and nine month old 

rootstocks. The 1 east sprout length was recorded i r' elven 

month old rootstocks (3.66 em). 
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4.2 Effect of curing of scion on softwood grafting success 
rate 

This experiment was conducted to know the influence of 

duration of curing of scion on the success rate of softwood 

grafting in jack on rootstocks of different age. The scions 

were cured for 10, 15 and 20 days prior to grafting and 

grafted on four months to eight months old rootstocks at 

monthly interval. 

4.2.1 Per cent graft union success 

The per cent graft union sUCcess on 30th and 60th day 

after grafting are presented in Table 5. 

The rate of graft union success on 30th and 60th day 

after grafting recorded significant differences among the 

treatments. 

On the 30th day after grafting, the maximum graft union 

success was recorded in five month old rootstocks with scions 

cured for 15 days (50.00 %), followed by eight month old 

rootstock (45.00 %) and five month old rootstock (40.00 %) 

with scions cured for ten days. However, these treatemtns 

were on par. The lowest graft union success of 10.00 per 

cent was recorded with six month old rootstock and scions 

cured for ten days, seven month old rootstocks with 20 days 

cured scions and five month old rootstocks with 20 days cured 

scions. 



Table 5: Effect of age of rootstocks ard curing of sclorl for different days 
on graft Union success 

Graft ur, ion success (per cer,t) 

7') 

Treatments 
_______ ~ __ w _________ • _____ ~~ ______ ~ _______ 

(Age of rootstock) 30 ()A.G 60 !lAG 

T - 4 month t 20 days 20.00 20.00 
1 

T - 4 month + 15 days 15.00 15.00 
2 

T - 4 month t 10 days 20.00 20.00 
3 

T - 5 month + 20 days 10.00 10.00 

4 
T - 5 month + 15 days 50.00 45.00 

5 
T - 5 month + 10 days 40.00 40.00 

6 
T - 6 month + 20 days 10.00 10.00 

7 
T - 6 month + 15 days 25.00 15.00 

8 
T - 6 month + 10 da}5 10.00 5.00 
g 

T 7 month + 20 days 30.00 15.00 

10 
T 7 month t 15 days 25.00 15.00 

11 
T 7 month + 10 days 15.00 10.00 

12 
T B month + 20 days 15.00 10.00 

13 
T B inonth + 15 da}s 25.00 25.00 

14 
T B month + 10 da}s 45.00 45.00 

15 
------------------------------------------~-------------------_. ------------
C.D at 5% 12.89 13.41 

S.8n. !. 
4.28 .4.47 

C.V. (%) 25.58 ·31.62 

DAG = Days after grafting. 
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On the 60th day after grafting, five months old 

rootstocks grafted with scions cured for 15 days recorded 

maKimum graft union success of 45.00 per cent and on eight 

month old rootstock grafted with scions cured for 10 days 

(45.00 %). The minimum graft union success of 5.00 per cent 

was obtained in six month old rootstock with scions cured 

for 10 days. 

4.2.2 Effect of curing of scion on average number of leaves 
per graft 

The data on average number aT leaves of the grafts on 

30th, 60th 90th and 1Z0th day after grafting are presented in 

Table 6. 

The average number of leaves per grafts on the 30th, 

60th, 90th and 120th day after grafting did not differ 

significantly among the different treatments. 

When observed on the 30th day after grafting, the 

maximum average number of leaves of 10.57 was recorded in 

case of four month old rootstocks with scions cured for 10 

days followed by 8.25 in case of five month old rootstocks' 

with scions cured for 10 days. The minimum average number of 

leaves of 1.50 was recorded by seven month old rootstock with 

sCions cured for 10 days. 

On the 60th day after graftIng seven month old 

rootstock with 20 days cured scion produced maximum number 

of leaves of 16.75 followed by four month old rootstocks with 
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Table 6: Effect of age of rootstocks and sciol"ls cured for differer'lt days ()C'1 

the number of leaves produced per graft 

Average punber of leaves 
Treatments ------~------------~-------------------------

(Age of rootstock) 30 OAG 60 (lAG 90 OAG 120 (lAG 

T - 4 month ... 20 days 6.50 B.75 11.25 15.50 
1 

T - 4 month + 15 days 7.00 10.50 13.50 20.50 
2 

T - 4 month + 10 days 10.50 13.50 17.75 22.50 
3 

T - 5 month 1- 20 days 7.00 9.50 13.50 15.50 
4 

T - 5 month + 15 days 5.50 9.05 12.55 17.40 
5 

T - 5 month + 10 days 8.25 10.35 12.50 16.85 
6 

T - 6 month + 20 days 5.50 10.00 10.50 12.00 
7 

T - 6 month + 15 days 4.00 8.00 10.00 12.00 
8 

T - 6 mooth + 10 days 1.50 5.00 5.00 6.50 
9 

T 7 month t 20 days 3.50 16.75 18.00 18.25 

10 
T 7 month t 15 da}'s 4.00 11.25 lJ.25 13.60 

11 
T 7 month t 10 days 1.50 9.50 11. 50 13.00 

12 
T B month t 20 days 3.00 10.00 13.00 14.50 

13 
T 8 month + 15 days !i.90 8.00 10.00 10.05 

14 14.25 
T 8 month + 10 days 7.60 9.50 11.30 

15 
---~------------------------------~------------------------------------------
C.D at 5% NS NS NS NS 

(lAG " Oays after grafting. 
NS " Non-significant 
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10 days cured scions which recorded 13.50 average number of 

leaves. The minimum average number of leaves of 5.0 was 

recorded by six month old rootstocks with 10 days cured 

scions. 

On the gOth day after grafting, the maximum average 

number of leaves of 18.00 was recorded in seven month old 

rootstock with scions cured for 20 days followed by 17.75 in 

four month old rootstock wi th sCions cured for 10 days. The 

minimum average number of leaves of 5.50 was recorded in six 

month old rootstock with 10 days scion curing. 

On the 120th day after grafting, the maximum average 

number of leaves was recorded in four months old rootstocks 

with SCions cured for 10 days (22.50). It was followed by 

four months old rootstock with scions cured for 15 days 

(20.50) . The minimum average number of leaves recorded was 

with six month old rootstocks when grafted with scion$ cured 

for 10 days (6.50). 

4.2.3 Effect of curing of scion on average number of 
sprouts developed per graft 

The data on the average number of sprouts developed 

per graft on the 30th, 60th, 90th and 120th day after 

grafting are presented in Table 7. 

The average number of sprouts developed per graft on 

the 30th, 60th, 90th and 120th day after grafting did not 

differ Significantly among the treatments. 



(n 
Table 7: Effect of age of ruotstocl(s ilnd Sti<K'S C:Uf(.>d I ()f d til <:1 ('I II diJys (Jr, 

the nUTuer of sproul s dev!! 1 0!J(.'(l P(!f <lr'DI t 

Average rourber of sprouls 
Treatments -----~~-----~--------------------~-----------

(Age of rootstock) 30DAG 60 ()I\G 90 !.lAG 120 [lAG 

T - 4 month + 20 days 2.50 3.00 3.50 3.50 
1 

T - 4 month + 15 days 3.50 4.00 6.00 6.00 
2 

T - 4 month + 10 days 4.25 4.25 5.25 5.25 

3 
T - 5 month + 20 days 2.00 2.50 2.50 2.50 
4 

T - 5 month + 15 days 2.50 2.60 3.25 3.35 
5 

T - 5 month .. 10 days 2.20 3.10 3.20 3.20 

6 
T - 6 month + 20 days 2.00 2.50 2.50 3.00 

7 
T - 6 month .. 15 days 2.50 3.50 3.50 3.50 

8 
T - 6 month + 10 days 1.50 1.50 1.50 1.50 

9 
T 7 month + 20 days 3.25 3.50 3.50 3.50 

10 
T 7 month + 15 days 1.65 2.50 2.50 2.50 

11 
T 7 month + 10 days 0.50 2.50 2.50 2.50 

12 
T B month + 20 days 1. 75 3.00 3.00 3.00 

13 
T B month .. '5 days 2.30 2.30 2.30 3.00 

'4 
T 8 mOl1th .. 10 days 3.25 3.05 3.25 3.35 

15 
----------------------~-------------------------------------~----------------

C.D at 5$ NS NS NS NS 

OAG = Da~'s after grafting. 
NS ~ Non-significant 
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On the 30th day' after grafting, the maximum average 

number of sprouts produced per graft was 4.25 in four month 

old rootstocks grafted with scions cured for 10 days. It was 

followed by the scions cured for 15 days and grafted on 

four month old rootstocks (3.50). The minimum average number 

of sprouts recorded was in seven month old rootstocks grafted 

with scions cured for 10 days (0.50). 

On the 60th day after grafting, grafts on four month 

old rootstocks with scions cured for 10 days recorded maximum 

average number of sprouts (4.25) followed by the grafts wIth 

scions cured for 15 days and grafted on four month old 

rootstocks (4.00). The lowest average number of sprouts of 

1.50 was recorded with six month old rootstocks grafted wIth 

scions cured for 10 days. 

On the 90th day after grafting, the maximum average 

number of sprouts of 6.00 was recorded when the SCions cured 

for 15 days were grafted on four month old rootstocks. 

It was followed by the scions cured for 10 days when grafted 

on four month old rootstocks (5.2~. The minimum number of 

sprouts of 1.50 was recorded when the scions cured for 10 

days were grafted onsix month old rootstocks. 

On the 120th day after grafting, the maximum average 

number of sprouts was recorded on grafts prepared with 15 

days cured scions grafted on four months old rootstock (6.00). 
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It was followed by the grafts prepared with scions cured for 

10 days and grafted on four month old rootstocks (5.26). The 

lowest average number of sprouts of 1.50 was recorded with 

the grafts prepared with scions cured for 10 days and grafted 

on six month old rootstocks. 

4.2.4 Effect of curing of scion on average length of sprout 

The data pertaining to the average sprout length of 

the grafts on the 30th, 60th, 90th and 120th day at ter 

grafting are given in Table 8. 

The length of sprout of the scion after grafting on 

the 30th day differ significantly among treatments.. However, 

on 50th, 90th and 120th day after grafting the differences 

were not significant among the different treatments. 

The maximum average length of sprout on 30th day after 

grafting was recorded with scions cured for 15 days and 

grafted on five month old rootstock (7.25 em) followed by the 

scions cured for 20 days and grafted on five month old 

rootstocks (7.00 cm). The minimum average sprout length was 

recorded on grafts prepared with scions cured for 10 days 

when grafted on seven m·)nth old rootstocks (1.00 cm). 

On the 60th day after grafting, higher sprout length 

of 9.50 em was recorded with the scions cured for 20 days 

and" grafted on fIve month old rootstock. I t was followed b) 

the scions cured for 15 days and grated on five month old 
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Table 8: Effect of age of rootstocks and sCions cured for different days on 
the sprout length 

Average sprout length (om) 
Treatments 

---------------~---------------------------~-(Age of rootstock) 30 DAG 60 DAG 90 DAG 120 DAG 

T - 4 month + 20 days 4.25 6.25 7.25 9.25 

T - 4 month + 
2 

I 5 da~'s 3.25 4.00 5.50 8.75 

T - 4 month + 10 days 5.12 6.75 7.50 9.10 
3 

T - 5 month + 20 days 7.00 9.50 12.25 13.00 4 
T - 5 month + 15 days 7.25 8.84 10.85 14.50 5 
T - 5 month + 10 days 4.81 6.64 8.65 12.37 6 
T - 6 month + 20 days 6.00 8.76 10.00 12.50 7 
T - 6 month + 15 days 3.00 4.00 4.50 6.00 8 
T - 6 month + 10 days 2.00 3.75 4.50 5,50 9 
T 7 month + 20 days 2.83 8.50 10.00. 11.00 10 
T 7 month + 15 days 2.35 6.65 9.29 10.50 11 
T 7 month + 10 days 1.00 4.50 7.25 8.50 12 
T 8 month + 20 days 1. 75 B.OO 8.25 10.50 13 
T 8 month + 15 dars 3.33 7.12 7.62 B.65 14 
T 8 month + 10 days 4.72 7.85 9.95 11. 10 15 

------~---------------------------------------~----------------------------~-
C.D at 5% 2.81 NS NS NS 
S.&11. + 0.93 

C.V. (%) 33.73 

DAG = Days after grafting. 
t~S = Non-significant 
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rootstocks (8.84 em). The lowest sprout length of 3.75 em 

was recorded on six month old rootstock grafted with scIons 

cured for 10 days. 

On the 90th day af ter graf t ing, the maximum sprout 

length was recorded with grafts prpeared on five month old 

rootstock and the scions cured for 20 days (12.25 cm). It was 

followed by the scions cured for 15 days and grafted on five 

month old rootstocks (10. 85 em). Six month old rootstocks 

grafted with scions cured for 10 days recorded a minimum 

sprout length of 4.5 em. 

On the 120th day after grafting five month old 

rootstocks grafted with scions cured for 15 days recorded 

maximum average sprout length (14.50 em). It was followed b~ 

the scions cured for 20 days and grafted on five month old 

rootstocks (13.00cm). The minimum average sprout length of 

5.50 cm was recorded when the grafts prepared with scions 

cured for 10 days and grafted on six month old rootstocks. 

4.3 Effect of age of rootstock on success of buddIng 

This experiment was carried out to find out the optimum 

age of rootstock for chip budding in jack. Budding was 

carried out at monthl}' intervals startir,g with three month 

old rootstock to tweive month old rootstock. Pre-cured buds 

were used for budding purpose. 
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4.3.1 Per cent bud union success 

The data on the per cent bud union success on 30th day 

and 60th day after budding are presented in Table 9 (Plate 

I I). 

The per cent bud union success on 30th day and 60th day 

after budding showed significant differences among the 

treatments. 

On the 30th day after budding, eight month old 

rootstock has given maximum success (15.00 %). Al I other 

treatments recorded a success rate of 10.00 per cent except 

three month old rootstock which totally failed to form bud 

union. 

On the 60th day after budding, the maximum bud union 

success was recorded with eight month old rootstock (15.00 

%) but, on par with all other treatments. But three month old 

rootstocks recorded zero per cent bud union. 

4.3.2 Effect of age of rootstocks on average number of 
leaves per budding 

The data on average number of leaves on 30th, 60th, 

90th and 120th day after budding are presented in Table 10 

and Fig. 5. 

The average number of leaves on the budllngs on 30th, 

60th, 90th and 120th day after budding were significantly 

differ~lt among the treatments. Three month old rootstock 

totally failed to form bud union. Hence, no d~ta on leaf 

number were recorded. 



Table 9: Effect of age of Irootstock on per cent success of 
budding 

Bud take 
Treatments --.-----~------------------------------------

(Age of rootstock) 30 0t\B 60 DAB 

T ~ 3 month 0.00 (00.00) 0.00 (00.00) 
1 

T - 4 month 10.00 (18.43) 10.00 (16.43) 
2 

T - 5 month 10.00 (18.43) 10.00 (18.43) 
3 

T - 6 month 10.00 (18.43) 10.00 (18.43) 
4 

T - 7 month 10.00 (18.43) 10.00 (18.43) 
5 

T - 8 month 15.00 (22.59) 15.00 (22.59) 
6 

T - 9 month 10.00 (18.43) 13.33 (21.14) 
7 

T - 10 month 10.00 (18.43) 13.33 (21.14) 
8 

T - 11 month 10.00 (18.43) 10.00 (18.43) 

9 
T - 12 month 10.00 (18.43) 10.00 (18.43) 

10 
-----------------------------------~~----------------------------

C.D at 5% 

S.Em. + 

C.V. (%) 

2.68 (2.18) 

0.91 (0.74) 

16.64 (7.56) 

5.14 (4.18) 

1.74 (1.42) 

29.78(14.02) 

DAB ~ Days after budding 
Values in the parentheses irdicatc aflguliJr transfof1ll€d ores 

-



Plate II: Successful chip budlings of jack 



PLATE II 
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Table 10: Effect of rootstock age on average number of leaves recorded on 
on the budded plant 

Average number of leaves 
Treatments ------------------------------------------------------------

(Age of rootstock) 30 DAB 60 DAB 90 DAB 120 DAB 

T - 3 month 0.00 (0.71) 0.00 (0.71) 0.00 (0.71) 0.00 (0.71) 
1 

T - 4 rmnth 0.66 (1.05) 1.66 (1.44) 3.00 (1.72) 4.00 (1.89) 
2 

T - 5 month 1.00 (1.22) 1.33 (1.34) 2.33 (1.59) 3.33 (1.78) 
3 

T - 6 rmnth 1.33 (1.34) 1.66 (1.44) : 2.33 (1.59) 3.33 (,'.78) 
4 

T - 7 month 2.50 (1.72) 4.50 (2.23) 7.00 (2.73) 10.50 (3.31) 
5 

T - 8 rmnth 2.58 (1.7S) 5.00 (2.33) 7.00 (2.73) 9.00 (3.08) 
6 

T - 9 month 2.56 (1.73) 5.00 (2.31) 8.00 (2.90) 9.66 (3.18) 
7 

T - 10 month 3.00 (1.S5) 4.66 (2.25) 8.33 (2.95) 11.00 (3.37) 
8 

T - 11 month 1.65 (1.46) 2.00 (1.52) 3.00 (1.72) 3.66 (1.84) 
9 

T 12 month 1.66 (1.46) 2.33(1.59) 3.33 (1.78) 4.33 (1.94) 
10 

-~------------------------------------------~~----------------------------------

C.O at 5% 1.20 (0.39) 2.33 (0.62) 4.17 (1.01) 6.02 (1.34) 

S.Ern. + 0.41 (0.13) 0.73 (0.21) 1.41 (0.34) 2.04 (0.45) 

c.v. (Xl 41.64{16.15) 48.B3{21.56) 55.40(29.29) 60.31(34.48) 

DAB = Days after budding. 
Values in the parentheses indicate square root transformec ones 
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F IG. 5: INFLUENCE OF ROOTSTOCKS AGE ON AVERAGE NUMBER 
OF LEAVES PER BUDLING 



On the 30th day after budding, the maximum average 

number of leaves recorded was 3.00 on ten month old rootstock 

followed by nine month (2.66), eight month (2.58) and seven 

month old rootstocks (2.50). However, these treatments were 

on par. The lowest number of leaves recorded was on four 

month old rootstocks (0.66). 

On the 60th day after budding, a maximum number of 

leaves per budling recorded was in eight month old rootstock 

(5.00) followed by seven month (4.50), nine month (5.00) and 

ten month old I'rootstocks (4.66). But these treatments were 

on par. The least number of leaves recorded was 1.33 on 

four month old rootstocks. 

On the 90th day af~er budding, ten month old rootstock 

recorded maximum number of leaves (8.33) followed by nIne 

month (8.00), seven month (7.00) and eight month old 

rootstocks (7.00). However, these treatments were on par. 

The least number of leaves recorded was on five month- (~.33) 

and six month old rootstocks (2.33). 

On the 120th day after budding, the maximum average 

number of leaves per budllng recorded was on ten month old 

rootstock (11.00) followed by seven month (10.50), nIne month 

(9.66) and eight month (9.00) old rootstocks. However, these 

treatments were on par. The least number of leaves recorded 

was 3.33 in both five month and six month old rootstocks. 

91 



4.3.3 Effect of age of rootstocks on sprout length 
92 

The data pertaining to the average sprout iength on 

30th, 60th, 90th and 120th day after budding are given In 

Table 11 and Fig. 6. 

The length of sprout recorded after 30th, 60th, 90th 

and 120th day of buddIng showed significant differences 

among the treatments. Budding on three month old rootstock 

was complete failure. Hence, the length of sprout was not 

recorded. 

On the 30th day after budding, the maximum sprout 

growth was found both In eight month old and ten month old 

rootstocks (3.00 cm) followed by seven month old rootstocks 

(2.00cm). However, these treatments were on par. Tt>e lowest 

sprout growth recorded was "11th five month old rootstocks 

(0.46 cm). 

On the 60th day after budding. eight month old 

rootstock recorded the heighest sprout growth (5.50 em) 

followed by ten month old rootstocks (4.16 em). But these two 

were on par. The lowest sprout growth was recorded in case 

of five month old rootstocks (0.83 em). 

On the 90th day after buddIng, the maximum sprout 

growth was recorded In case of eight month old rootstocks 

(8.00 em) followed by ten month old rootstocks (6.16 em). 

However, these two treatments were on par. The sprout 

length of 1.66 em was minimum in case of budlings 

on five month old rootstocks. 

prepared 
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Table 11: Effect of rootstock age on average sprout length recorded on the 
budded plant 

Average sprout length (an) 
Treatments -------~----------------------------------------------------

(Age of rootstock) 30 DAB 60 DAB 90 DAB 120 DAB 

T - 3 month 0.00 (0.70) 0.00 (0.70) 0.00 (0.70) 0.00 (0.70) 

T - 4 month 0.66 (1.07) 1.00 (1.17) 1.83 (1.48) 3.16 (1.81) 
2 

T - 5 month 0.46 (0.98) 0.83 (1.13) 1. 66 (1.44) 2.16 (1.56) 
3 

T - 6 month 1.06(1.21) 1.50 (1.39) : 1.83 (1.48) : 2.66 (1. 66) 
4 

T - 7 month 2.00 (1.57) 3.50 (1.99) 5.50 (2.44) 7.66 (2.85) 
5 

T - B month 3.00 (1.85) 5.50 (2.44) 8.00 (2.91) 10.16 (3.26) 
6 

T - 9 month 1.83 (1.4B) 3.50 (1.97) 5.:13 (2.40) 7.06 (2.7 /1) 
7 

T - 10 month 3.00 (1.86) 4.16 (2.15) 6.16 (2.57) 8.33 (2.95) 
8 

T - 11 month 0.83 (1.14) 1.50 (1.39) 2.00 (1.52) 2.83 (I. 69) 
9 

T - 12 month 0.66 (1.07) 1.B3 (1.48) 2.50 (1.63) 3.26 (1.77) 
10 

---------------------------------------------------------------------------------

C.D at 5% 1.09 (0.38) 1.54 (0.49) 2.36 (0.65) 3.91 (0.97) 

S.Em. + 0.37 (0.12) 0.52 (0.16) 0.80 (0.22) 1.33 (0.32) 

C.V. (%) 47.60 (17.26) 38.92(18.18) 40.00(20.67) 48.71 (27.14) 

DAB Days after budding 
Values in the parentheses indicate square root transformed ones 



TREATMENT 

1- 30 DAG ----- 60 DAG -- 90 DAG -- 120 DAG 

FIG.6: INFLUENCE OF ROOTSTOCKS AGE ON AVERAGE SPROUT 
LENGTH OF BUD 
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On the 120th day after budding, the average sprout 

length of 10.16 em was maximum with eight month old 

rootstocks. However, it was on par with ten month (8.33 em), 

seven month (7.66 em) and nine month old (7.07 em) 

rootstocks. The least sprout growth was recorded on five 

month old rootstocks (2.16 em). 

4.4 Studies on different methods of budding in jack 

In this experiment, effect of different methods of 

budding on two different aged rootstock i.e., six month and 

tweleve month old rootstocks were studied. 

presented in Table 12. 

The data are 

Out of 200 budlings prepared by following different 

methods, 19 budlings remained green when observed on the 45th 

day and only g buds sprouted after 60 days of budding on six 

month old rootstocks. Among the different methods, chip 

budding proved to be better followed by patch budding. None 

of the buds in inverted 'T' budding and Ring budding sprouted 

even after 60 days. 

Out of the 200 budlings prepared by different methods on 

twelve month old rootstocks, only 26 buds were green for 

over 45 days and only 15 buds sprouted after 60 days of 

budding. Here also chip budding recorded higher number of 

sprouts compared to other methods of budding. In case of 

chip budding out of the 40 budlings prepared, eight budlings 



Table 12: Success rate of different methods of buddIng on rootstocks of 
different age 

6 rronth old root 12 month old root 
stock stock 

Treatments NtJTt)er of --------------------- ------------------
(methcds of bud lings Green Nl1Tber of Green NUTtler of 
budding) prepared stage at sprouted stage at sprouted 

45 days bud lings 45 da,s bud 11 ng5 
after 60 after 60 

days days 

'T' budding 40 2 3 2 

Inverted 'T' budding 40 2 0 3 0 

Patch budding 40 5 3 6 4 

Ring budding 40 2 0 4 

Chip budding 40 8 5 10 8 

Total 200 19 9 26 15 
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were successfut. They showed the growth of the sprouts from 

the buds. 

4.5 Effect of growth regulators on rootIng of aIr layers of 
jack 

There were two experiments under this group, tried 

in three different seasons i.e., rainy season (June July), 

winter season (September October) and summer season 

(February - March). 

Experiment..!.: In this experiment, effects of IBA and NAA on 

rooting of air layers with girdling and etiolation 

pretreatment for -30 days were studied. The data are 

presented in Table 13. 

Out of 330 air layers prepared during winter seasOn 

under different treatments, only 169 air layers survived over 

80 days. Though none of the layers rooted, 127 layers 

developed callus. Layers treated with NAA 10,000 ppm showed 

comparatively better results wherein, out of 30 layers 

prepared 24 layers survived and 18 layers developed callus. 

In control only 5 layers formed callus. 

During the summer season, out of 330 layers prepared, 

155 layers survived over 80 days and only 55 layers produced 

callus in different treatments, but none of the layers 

produced roots. There was no callus formation or root 

formation In control treatment. 
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Table 13: Effect of girdling and etiolation with growth regulators on rooting 
of air layers in jack during different seasons 

Winter ( October) SlJTI11er (March) 
Treatments Nurber of ------------------- -------------------

(cone. of growth aIr layers No. of Callus No. of Callus 
regulators) prepared aIr layers formed aIr layers folTl1e:l 

survived survived 

T - Control 30 . 12 5 10 
1 

T - IB<'I 10000 ppn 30 20 16 16 6 

2 
T - IB<'I 7500 ppn 30 18 12 20 8 

3 
T - IB<'I 5000 ppn 30 18 10 18 6 

4 
T - IB<'I 2500 p,:m 30 15 10 15 4 

5 
T - IB<'I 1000 ppn 30 10 8 11 4 

6 10 T - NAA 10000 ppn 30 24 16 18 

7 
T - NAA 7500 pP'fl 30 18 16 15 B 

8 12 4 
T - NAA 5000 pp1I 30 14 14 

9 10 3 
T - NAA 2500 pp11 30 12 10 

10 10 2 
T - NAA 1000 ppn 30 8 8 

11 
---------~-----~---------------------------------

-----------------------------
Total 330 169 127 155 55 
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Experiment ll: In this experiment, the effect of IBA and NAA 

on rooting of air layers (without prior girdling or 

etiolation) were studied during three seasons i.e., rainy, 

winter and summer seasons. The dala are presented in Table 

14. 

During the winter season, out of the 330 layers 

prepared, 137 layers survived and 63 layers formed callus. 

None of the layers produced root. Layers t~eated with NAA 

10,000 ppm showed better results compared to other 

treatments. 

In the summer season out of the 330 layers prepared 

under various treatments, 83 layers survived for 80 days. 

None of the layers produced roots and they faIled to 

form callus. 

One hlmdered seventy four layers out of 330 layers 

survived over 80 days after layering and 79 layers produced 

callus in different treatments during rainy season. None of 

the layers produced roots. 

The number of layers survived and callus formed were 

more during rainy and winter season compared to the summer 

season when compared to all the three seasons. 

4.5.1 Effect of girdling and etiolation on rooting' of air 
layers of jack during rainy season 

In this experiment jack shoots were girdled and 

etiolated for 30 days. After 30 days they were treated with 
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different concentrations of lBA or NAA and girdled portions 

the were wrapped with sphagnum moss. Rooted air layers w~re 

separated 80 days later. 

4.5.1.1 Rate of rooting 

The data on per cent rooting of air layers with 

different concentrations of ISA and NAA are presented in 

Table 15 (Plate III, IV andV). 

There was significant difference. among the treatments 

for rooting percentage. Among the different treatments NAA 

10,000 ppm recorded maximum rooting percentage (40.00%) 

followed by NAA 7500 (33.33 %). However, these two were on 

par. The lowest rooting per cent recorded was in . control 

(6.66 %). Among the IBA concentrations both IBA 10,000 ppm 

and lBA 7500 ppm recorded 26.66 rooting percentage. 

4.5.1.2 Average number of roots 

The data on the average number of roots per footed air 

layer as influenced by lSA and NAA concentrations are 

presented in Table 16 and Fig. 7. 

There was significant difference among the 

treatments, with respect to number of roots per layer. The 

highest number of roots (25.00) were produced in NAA 10,000 

ppm, followed by 7,500 ppm NAA (13.00). The lowest number of 

roots recorded was in control (1.00). 

concentrations except 18A 1000 ppm, all other 

are on par. 

Among the lBA 

concentrations 



-Table 15: Effect of girdling and etiolation with growth re~ulators 
on rooting of air layers of jack during rainy seasOfl 

Treatments Nurber of Nurber of Rooting 
(Cone. of growth air iayers air layers percertage 

regulators) prepared rooted 

T - Control 30 2 6.66 
1 

T - I B6. 1 0000 ppn 30 6 20.00 
2 

T - I Btl 7500 ppn 30 8 26.66 
3 

T - IBtI 5000 ppn 30 B 26.66 
4 

T - I Btl 2500 pP11 30 6 20.00 
5 

T - IBtI 1000 ppn 30 3 10.00 

6 
T - NM 10000 ppn 30 12 40.00 

7 
T - NM 7500 ppn 30 10 33.33 

8 
T - NM 5000 ppn 30 6 20.00 

9 
T - INAA 2500 pP11 30 6 20.00 

10 10.00 
T - , NAA 1000 pP11 30 

11 
-----------~-----------------------~-------------.----~--------------

C.D at 5% 12. '92. 



Plate III: Rooting of air layers wi th girdling, 
etiolation and rBA 

Tl - Control 

T -
2 

lBA 10000 ppm 

T -
3 

lBA 7500 ppm 

T -4 
lBA 5000 ppm 

T 5 - lBA 2500 ppm 

T -
6 

lBA 1000 ppm 

Plate IV: Rooting of air layers wi th girdling, 
etiolation and NAA 

T 7 - NAA 10000 ppm 

T8 - NAA 7500 ppm 

T9 - NAA' 5000 ppm 

T 10- NAA 2500 ppm 

T 11- NAA 1000 ppm 

Plate V: Plate III and Plate IV 



PLATE II 

IV 



Table 16: Effect of gindling, etiolation and treatment with growth 
regulators on number of roots and length of roots per 
layer 

Treatments Average root Average root 
(Conc. of growth regulators) nUTlber length (an) 

T - Control 1.00 1.50 
1 

T - IB6. 10000 PPl1 5.00 4.00 
2 

T - IB6. 7500 ppn 7.00 6.00 
3 

T - lBA. 5000 ppn B.OO 7.00 
4 

T - IBl'. 2500 ppn 5.00 4.00 
5 

T - lBA. 1000 ppn 3.00 2.00 
6 

T - NIV\ 10000 ppn 25.00 10.00 
7 

T - NIV\ 7500 ppn 13.00 11.00 
8 

T - NIV\ 5000 pp11 4.00 B.OO 
9 

T - NIV\ 2500 ppn 3.00 5.00 
10 

T - NM 1000 pp11 2.00 2.00 
11 

C.D at 5% 4.29 3.71 

S.8n f 1.46 1.27 

c.v.(%) 36.77 40.00 

102 
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4.5.1.3 Length of longest root 

The data on the a~erage len9t~ of longest root per 

layer treated with different concentration of 18A and NAA are 

presented in Table H.and Fig.7. 

Different concentrations of IBA and NAA had the 

significant influence on the length of longest root per 

layer. Among the different treatments, NAA 7500 ppm recorded 

maximum length of root (11.0 em) followed by NAA 10,000 ppm 

(10.00 em) and NAA 5,000 ppm (8.00 cm). However, these 

treatments were on par. The Shortest length of root per 

layer recordedwas.lncontrol (1.50cm). But this was on 

par with NAA 1,000 ppm, IBA 1,000, 2,500 and 10,000 ppm and 

NAA 2,500 ppm. 

4.6 Effect of growth regulators on rooting of jaCk stem 
cuttings with girdling and etiolatjon pretreatment 

In this experiment, effects of IBA and NAA an rooting 

of girdled and etiolat~d hard wood stem cuttings of jack 

under mist were studied in three seasons, i.e. rainy (June), 

winter (October) and sumner (March) . The data are 

presented in Table 17. 

During the winter season, out of 330 cuttings planted. 

80 cuttings survived and 51 cuttings developed calius at the 

cut ends. None of the cuttings produced roots. Among 

different treatments higher concentrations of lSA and NAA 

showed better results compared to lower concentrations. In 

control the callus formation was nil. 



~.~------------------~-------------. 

O~ 20 z 

d 10 z 
~ 

b o 
II: 

5 

O~~~~~--~--~--,---~--~--~~--~~ 
T2 T3 T4 T5 T6 n T8 T9 T10 T11 T1 

TREATMENT 

\- AVERAGE ROOT NO. ----- AVERAGE ROOT LENGTH 

FIG. 7: EFFECT OF GIRDLING AND ETIOLATION WITH 3ROWTH 
REGULATORS ON ROOT CHARACTERS 



104 

I/) .... 
0 Ql ~'&l 

c iii t ~ N 0 <0 ID I/) 0 Ii) 
:l OJ ~ ~ (-

I/) ., UO 
("-

OJ 4-
C .... 

4-1/)~ ... ... ;., o OJ > 
:l C C .... aJ aJ Ii) I/) N 0 0 
U ..... • .... > OJ Ii) ~ en I() 

I[J O"'L. 
N I() 

ffi 
oc Z"'3 

3 I/) ... U 
I/} 

4- I/) 
0 .c 

~~ u 
Ol L. ~ 0 0 aJ Ii) Ii) <Xl OJ Ii) Ii) ~ ID 
C ! .... UO 

r-
... ..... 
0 
0 L. 

4- I/) al L. 

~ o Ol > 
C C· .... 
0 I .... > aJ Ii) OJ N N 0 <0 Ii) ID 0 OJ ~ 

(/) 0 ... L. 
I/} Z'" 3 

I ~ 

L. 3 I/) 
1-

0 U 
I 

+' 
I 

I[J 
I 

.... L 
I 

3 Ql I/) 
I 

OJ !l ~'&l 
I 
I 

QI 0 I 
L ... iii E 0 aJ I/) ~ N N (]I OJ I/) ~ ~ I :;; 

U 
, 

.c 0 u 0 
, ...... 4- I 

~ .~ 
4-1/)'2 

, 
I 

~E L 

, 
o OJ > 

, 
L Ql C .... , 

E~ 
... ...... > Ii) 0 OJ Ii) ~ ~ N 0 <0 ID ID 10 
C 0'" L. ,OJ 

m C .... Z"':l I 

:l '" 3 I/) I 

C U I 

01/} I 

.... C 
, 

... 0 I 

m I/) ..... I 

.... m o I/) I 

o QI 
L. ~'&l 

I 

.... I/) ... 
~~~ 

0 0 0 0 0 0 0 0 0 0 0 0 
QI+' ...., ...., M M ...., M M M M M C") C") 

.5i 
M 

3 .... 
OlL Z u a. 
C QI 
.... 4-
.... 4-
"0 ..... 
• ~ "'0 
0l0l 

C 
fi b. 8: fi b. 6_ e e fi 5. 4- .... 

o L. 
3 a. a. a D. D. a. a 

... "{) :; 0 0 0 0 0 0 0 0 0 0 

~~ ~~~ 0 0 0 0 0 0 0 0 0 0 

4- U 0 0 I/) 0 I/) 0 0 ttl 0 I/) 0 

4- m eL.I/) 0 ("- tfl N 0 r- tfl N 

W .~ ill Ol L L 
E 0 ... 
... 4-+' C a1 ~ a1 ~ ~ i i i ~ i ("- mom 0 
QI ... U ... ... 
L. '3 ~ 

QI rggr .... 
10 

.0 o L 
0 .-

.m u N C") ~ I() ID r- OJ 0'> 0 

r r l- I- r r r l- I- l- I- l- I-



105 

During the summer season, out of 330 cuttings planted 

only 144 cuttings survived over 75 days, though none of the 

cuttings produced roots. Of the surviving cuttings, only 76 

developed callus at the cut ends. 

Out of 330 cuttings planted during rainy season, only 

135 cuttings su rv i ved over 75 days. Though none of the 

cuttings rooted, 77 cuttings developed callus in different 

treatments. 

4.7 Effect of growth regulators on rooting of jack stem 
cuttings without girdling and etiolation 

In this experiment, effects of different concentrations 

of IBA and NAA on rooting of jack hardwooj cuttings (without 

girdling and etiolation) under mist were studied in three 

di fferent seasons i.e., winter (October), Surrrner (March) and 

rainy (June). The data are presented in Table 18. 

Sixty two cuttings out of 330 cuttings survived over 75 

days after planting and 26 cuttings produced callus at the 

cut ends during winter season under differvnt treatments. 

None of the cuttings prOduced roots. In control none of the 

cuttings were survived. 

Out of 330 Cutt'l"g5 planted during summer season, only 

42 cuttings survived after 75 days. Though none of the 

cuttings rooted, 21 cuttings formed callus in different 

treatments. In control none of the cuttings planted 
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survived. Compared to the winter season, 
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the number of 

cuttings survived during summer season were less. 

During rainy season, out of 330 cuttings planted, 92 

cuttings survived and 31 cuttings developed callus at the cut 

ends. None of the cuttings produced roots. In control none 

of the cuttings developed callus. Compared to the winter 

and sumner seasons, the number of cuttings survived was more 

during the rainy season. 

4.8 Biochemical studies 

The data pertaining to biochemical constituents like 

total sugars, reducing sugars, non-reducing sugars, starch, 

total carbohydrates, nitrogen, protein, carbohydrate to 

nitrogen ratio and dry matter in rootstocks and scIons of 

jack are presented on percentage dry weight basis in Table 19 

and 20 respectively. 

4.8.1 Rootstocks 

4.8.1.1 Total sugars, reduCing sugars and non-reducing sugars 

Total sugar content varied from 0.33 to 1.46 per cent, 

the highest being in eight month old rootstock (1.45 %) and 

the lowest In case of three month old rootstocks (0.33 %) 

(Fig. 8). 

Reducing sugar content varied from 0.06 to 1.10 per 

cent among rootstocks of different age. The highest reducing 

sugar percentage of 1.10 was recorded in 12 month oid 

rootstockS, and the lowest reducing sugar rO.06 %) was found 

in seven month oid rootstock (Fig. 8). 
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Non-reducing sugar content varied from 0.11 to 0.75 

per cent and the highest being in eight month old rootstock 

(0.75 %) and lowest In twelve month old rootstocks (0.11 X). 

Non-reducing sugar content was comparatively higher than 

reducing sugars in rootstocks of all groups except in nine, 

ten, eleven and twelve month old rootstocks (Fig. 8). 

4.8.1.2 Starch and total carbohydrates 

Starch content varied from 4.76 to 13.53 per cent and 

highest content was in three month old rootstocks and the 

lowest starch content was in eight and twelve month old 

rootstocks (FIg. 9). 

Regarding total carbohydrates, hIghest carbohydrates 

content was observed in three month old rootstocks (13.86 %) 

and the least was in twelve month old rootstock (5.96 $) 

(Fig. 9). 

4.8.1.3 Nitrogen and protein 

The highest nitrogen content was recorded in three 

month old rootstocks (1.96 tl and the lowest nitrogen content 

was observed in case of six month old rootstocks (0.71 Xl. 

The protein content varied from 4.44 to 12.25 per cent and 

highest content was In three month old rootstock and the 

least protein content was In six month old (FIg. 9). 

4:8 •. ,.,.4 Carbohydrate!ni trogen ratio 

The carbohydrate to nitrogen ratIo was highest In six 

month old rootstock (16.04 ) and lowest In eight month old 

rootstocks(3.94) (Fig.l0). 
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4.8.1.5 Dry matter 

The dry matter content was highest in ten month old 

rootstocks (42.16 II and the lowest in three month old 

rootstocks (34.06 II (Fig. 10). 

4.B.2 Scions 

4.B.2.1 Total, reducing and non-reducing sugars 

Total sugar content was highest in scions cured for ten 

days (1.251) whereas the lowest content of 0.60 per cent was 

recorded in scions cured for 15 days. The total sugar 

content was 0.74 per cent in scions cured for 20 days (Table 

201. 

The highest reducing sugar content of 0.64 per cent was 

recorded in scions cured for 10 days followed by 0.57 per 

cent in scions cured for 20 days. The least reducing sugar 

content was observed in scions cured for 15 days (Table 20). 

The scions cured for ten days recorded highest non­

reducing sugars (0.611) followed by the scions cured for 20 

days (0.17%1. The lowest non-reducing sugar content of 0.07 

per cent was recorded in scions cured for15 days (Table 20). 

4.8.2.2 Starch and total carbohydrates 

The hIghest starch content of 5.85 per cent was notIced 

in scions cured for 10 days and lowest starch content of 

4.76 per cent was observed in scions cured for 15 days. The 

starch content in scions cured for 20 days was 5.58 per cent 

(Table 20). 
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Table 20: Chemical constituents of scions cured for dl fferent 
days (per cent dry wetgl-it besls) 

Duration of scion curing 
Chemical ----------------~-------~--------

consti tuents 10 days 15 days 20 days , 

Total sugars 1.25 0.60 0.74 

Reducing sugars 0.6/j 0.53 0.57 

Non-reducing sugars 0.61 0.07 0.17 

Starch 5.85 4.76 5.58 

Total carbohydrates 7.10 5.36 6.32 

Total nitrogen 1.98 1.45 1.05 

Protein 12.38 9.04 6.56 

CIN ratio 3.59 3.69 6.02 

Dry matter 50.00 52.38 51.85 
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Total carbohydrate content was highest in scions cured 

for 10 days (7.10 %) followed by the sCions cured for 20 days 

(6.32 %). The lowest total carbohydrate content was recorded 

in case of scions cured for 15 days (5.36 %) (Table 20). 

4.8.2.3 Total nitrogen and protein 

The total ni trogen content of 1.98 per cent was highest 

in scions cured for 10 days followed by scions cured for 15 

days (1.45 %1. The lowest nitrogen content was recorded in 

scions cured for 20 days (1.05 %). The highest protein 

content of 12.38 per cent was noticed in scions cured for 10 

days followed by the scions cured for 15 days (9.04 %). The 

lowest protein content of 6.56 was observed in scions cured 

for 20 days (Table 20). 

4.8.2.4 Carbohydrate/nItrogen ratio 

The carbohydrate to nitrogen ratio was highest in 

scions cured for 20 days (6.02 %). The lowest ratio was 

recorded in scions cured for 10 days (3.59 %). The scions 

cured for 15 days recorded 3.69 per cent carbohydrate to 

nitrogen ratio (Table 20). 

4.8.2.5 Dry matter 

The highest dry matter content of 52.38 per cent was 

observed in SCions cured for 15 days followed by the scions 

curd for 20 days (51.85 %). The least dry matter content of 

50.00 per cent was noticed in case of scions cured for 10 

days (Table 20). 
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4.8.3 Chemical constituents in jack shoots used for cuttlngs 
and layering 

The data pertaining to chemical constituents in 

pretreated (girdled and etiolated) and non-pretreated shoots 

of jack are presented in Table 21. 

4.8.3.1 Total, reducing and non-reducing surars 

The higher amount of total sugars (0.67 X) and 

reducing sugars (0.34 %) were recorded in pretreated shoots 

compared to non-pretreated shoots. However, non-pretreated 

shoots recorded higher amount of non-reducing sugars (0.45X) 

(Table 21). 

4.8.3.2 Starch and total carbohydrates 

Pretreated shoots recorded higher amount of starch 

(4.76 %) and total carbohydrates (5.43 X) content over 1'101'1-

pretreated shoots (Table 21). 

4.8.3.3 Total nitrogen and protein 

A higher amount of total I'll trogen (1.64 X) and protein 

(10.25 %) were recorded by non-pretreated aver pretreated 

shoots (Table 21). 

4.8.3.4 Carbohydrate / nitrogen ratio 

The carbohydrate/nitrogen ratio of 5.90 was higher In 

pretreated shoots over non-pretreated shoots (Table 21). 

4.8.3.5 Dry matter content 

The dry matter accumulation was higher in pretreated 

shoots (41.66 %) over non-pretreated shoots (40.UO %) (Table 

21) . 



Table 21: Chemicel constituents in pretreated and non­
pretreated shoots of jack (per cent dry weight 
basis) 

Pre-treated Non-pretreated 
Chanical (Girdling + (no girdling + 

constituents et lolation) no etiolation) 

Total sugars 0.67 0.64 

Reducing sugars 0.34 0.19 

Non-reducing sugars 0.33 0.45 

Starch 4.76 4.49 

Total carbohydrates 5.43 5.13 

Tot al nitrogen 0.92 1.54 

Protein 5.75 10.25 

CIN ratio 5.90 3.10 

Dry rratter 41.66 40.00 
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nitrogen 

and protein content all the remaining chemical constituents 

were higher in pretreated shools compared to non-pretreated 

shoot of jack (Table 21), 

4.8.4 Rooting cofactors 

The data on the activity of rooting cofactors as 

measured in terms of rooting as revealed by mungbean bIoassay 

are presented in the form of histograms (Table 22 and Fig.11 

to 16 ). 

The horizontal line indicates control. The columns 

above the control line indicate the level of promoters and 

below that of Inhibitors. 

The girdled and etiolated shoots eKtract showed the 

root promoting activity at Rf. 0.1, 0.6 and 0.7. The rooting 

cofactors and 3 were found to be present In smaller 

quantities. The rooting cofactor 4 was totally absent (Fig. 

11) during winter season. 

In case of shoots without girdling and etiolation the 

root promoting activity was observed only in the region of Rf 

0.9. There were no rooting cofactors present (Fig. 12). 

During summer season in case of girdled and etiolated 

shoots the eKtracts showed the root promoting activity at the 

region of Rf 0.1, 0.4, 0.8 and 0.9. The rootIng cofactors 1 

and 4 were present in smaller quantities (Fig. 13). In case 
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COLLECTED DURING WINTER SEASON (OCTOBER) 
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of shoots which were not girdled and etlolatod the rooting 

cofactors were totally absent (Fig. 14). 

During rainy season the e~tracts from the shoots which 

were gird I ed and etiolated showed the root promoting 

activity at the region of Rf 0.1, 0.4, 0.8 and 0.9 

correspond' to the presence of rooting cofactors 1 and 4 (at 

Rf. 0.1 and 0.8 respectively) which are responsible for 

rooting according to Hess (1966) (Fig. 15). In case of 

extracts from shoots without girdling and etLolatlon there 

was root promoting activity at the region of Rf 0.2, 0.4, 0.7 

and 0.9. But there were no rooting cofactors which are 

responsible for rooting are present (Fig. 16). 
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V. DISCUSSION 

Jackfrult Is an Important tropical frull crop. The 

fruit is nutritive and very popular in the tropical regions. 

In India, it Is growln In Illost of the southern and north-

eastern states. It is generally grown in the backyards and 

in the coffee and cardamom plantatIons as shade trees. It -has not received much attentIon towards crop Improvement and 

standardisation of cultural practices. Standardisation of 

vegetative propagation methods wi 11 serve as one of the 

important tools for boosting up the production and quality 

of crop, particularly in cross-pollinated crops like JaCk. 

Although various vegetative propagation methods have been 

developed by various workers, stili seed propagation has been 

popularly followed. There are no standard varieties In 

jack. However, there are good number of trees which are 

superior in yield and fruit characters. Vegetative 

propagation of such selected trees assumes greater 

importance to eri~ureuniformity of planting material and for 

enhancing production. 

Any vegetative propagation method developed should be 

easy to adopt and need to help In easy multIplicatIon. 

Various methods like grafting, budding, layering and 

propagation from cut tings were trIed In jack wi th var}lng 

degree of success. Though, many grafting and budding metrods 

are available,ihere is a need for improvement in the raisIng 
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standardisation of cultural practices. Standardisation of 

vegetative propagation methods will serve as one of the 

important tools for boosting up the production and quality 

of crop, particularly in cross-poll inated crops I ike jack. 

Although various vegetative propagation methods have been 

developed by various workers, still seed propagatIon has been 

popularly followed. There are no standard varieties In 

jack. However, there are good number of trees which are 

superior in yield and fruit characters. Vegetative 

propagation of such selected trees assumes greater 

importance to en~~reuniformity of planting material and for 

enhancing production. 

Any vegetative propagation method developed should be 

easy to adopt and need to help in ea5~ multiplication. 

Various methods like graftJng. budding, layering and 

propagation from cuttings were tried In jack with varylr'9 

degree of success. Though, many grafting and budding methods 

are available,1here is a need for improvement in t"e raJSJ~ 
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of grafts and budlings on container grown rootstocks. Grafts 

and budlings prepared on rootstock of optimum age will be 

healthy and easy to maintain if raised on rootstocks 

maintained in containers. 

Softwood grafting studies were conducted to find o~t 

the optimum age of rootstock and optimum period for 

.curr ing of scions. Di.fferent budding techniques were 

also carried out on rootstocks of differe~t ages maintained 

In polythene bags. Jack Is a difficult to root species. For 

large scale multiplication of any plant/crop, cuttings and 

air layers are seems to be rapid and viable techniques. But 

the attempts beIng made by the various workers in this 

direction 50 far are not encouraging. Therefore, a series of 

experiments were undertaken on air layering and propagatio~ 

from cuttings to investigate the possibilities and the 

1 iml tations, if any. In such studies, various growth 

regulators, seasons and pre-treatments like girdling and 

etiolation effects were studied. Attempts have also been 

made to study the Chemical constituents of rootstocks, sCions 

and shoots of cutting and layers in relation to graft/bud 

union and rooting success. 

5.1 Effect of age of rootstocks on the success of softwood 
grafting 

This experiment was conducted to find out the optimum 

age of the rootstock to get the highest success rate of 

softwood grafting. 



5.1.1 Per cent graft union success 
120 

The rate of graft union success recorded on 30th and 

60th day after grafting revealed signi f icant differences 

among the rootstocks of different; age groups. On 30th day 

after graf t ing, g ra f t s on six month old rootstock gave 

higher rate of success (40%) followed ,by seven month old 

rootstock (33.33%) (Table 1). Sixty days after grafting, 

the highest success rate recorded was 36.67 per cent by six 

month old rootstock followed by 30.0-3 per cent In seven month 

old rootstock,but these two were on par. The succe5S rate 

ranged from 10.00 to 36.67 per cent with rootstocks of 

different age groups. There was decrease in the graft union 

success on the 60th day after graftln3 due to the failure of 

some grafts to remain alive. 

In general the lower percentage of success in grafting 

could be attributed to the lack of an intimate cOntact of a 

cambial region of both stock and scion and due to 

interference of exudation of latex (Hartman and Kester, 

1986) • Six month old rootstocks appeared to be the best. 

Grafting in February month may be favourable for the graft 

union success. 

In jack, the highest success was observed when approach 

grafting was done with six month old seedlings and six 

month old scion as compared to two year old seedling (Anon., 

1950). Reddy and Melanta (1988) reported that three month old 

rootstocks recorded a maximum graft union success followed b) 
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six month old rootstock in mango. Phadnis (1971) in cashew 

recorded a maximum success in veneer grafting with 

rootstocks of less than five months age. Similar results 

were recorded in cashew by Nagabhushanam and Rao (1978) and 

Muniswami (1979). At Vengurla, four to six months old 

rootstock recorded maximum success during February and March 

in cashew (Anon., 1983 ), while Yogananda (1989) found the 

best use of four to seven month old seedlings for in situ 

grafting of cashew. 

The grafts in polythene bags recorded higher success 

rate. It might be due to the better moisture availability 

and better growing conditions created for the grafts. 

Following grafting higher meristematic activity Is possible 

in the grafts raised in containers with better moisture 

availability. Amin (1974) obtained higher success rate with 

wedge grafting (98.5%) in the nursery field compared to main 

field (76.0%) in case of mango. Similar observations were 

made by Iqbal (1982) for side grafting and Desai and Patil 

(1984) for stone grafting in mango under greenhouse. It 

appears that the efficient management of the grafts influence 

the success rate. 

5.1.2 Effect of age of rootstock on number of leaves, 
number of sprouts and length of sprouts on graft 

5.1.2.1 Number of leaves on sprouts of graft 

The average number of leaves produced per graft were 

Significantly influenced by rootstocks of different ages when 

observed on the 30th, 60th, 90th and 120th day after grafting. 
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On the 30th day after grafting the number of leaves per 

graft were maximum (7.63) on eIght month old rootstock 

followed by Six month old rootstock (6.46), but these two 

treatments were on par (Table 2). However, "fter 60th, 90th 

and 120th day after grafting, maximum number of leaves were 

produced on six month old rootstocks followed by eight month 

old rootstocks. On the 120th day atter grafting six month 

old rootstocks produced 19.B3 leaves and eight month old 

rootstocks produced 19.16 leaves per graft. Leaf number for 

the grafts on six and eight month old rootstocks were on par. 

5.1.2.2 Number of sprouts per graft 

Number of sprouts per graft were significant among the 

different age groups of rootstocks during the entire growth 

period of grafts. Eight month oid rootstocks recorded 

maxmimum sprouts (4.16) followed by six month old rootstocks 

(3.16) but these two were on par (Table 3). 

5.1.2.3 Sprout length on graft 

The average sprout length on graft after 30th, 60th, 

90th and 120th day of grafting, exhibited no definite pattern 

of growth among different age group 0f rootstocks. 

six month oid rootstocks produced highest length 

after 60th to 120th day of grafting (Table 4). 

However, 

of sprout 

The vigour of the grafts were expressed by their 

successful graft union and growth characters. Srivastava 
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(1989) observed that temperature a·ld humidity were the main 

limiting factors for the success of different grnftln9 

methods in mango and June month was the best period for 

grafting. Singh and Srivastava (1982) reported that softwood 

grafts exhibited better growth performance compared to 

veneer grafts and the graft union success rate was high if 

the grafts were prepared in the month of August. Patel and 

Amin (19Bl) reported 90 to 100 per cent graft take between 

May and August and 85 to 90 per cent graft union success 

between February and May. Reddy and Melanta (1988) opined 

that higher graft union success on seven month old rootstock 

might be due to low temperature and highp.r relative humidity 

prevailing during the month of grafting. It was reported 

that February to April month was the best period for 

grafting. In the present study, the higher success obtained 

during February to April and holds good with earlier works. 

5.2 Effect of duration of. curri~g of scions and age 
of rootstocks on success ot softwood grafting 

This study was conducted to find out the optimum 

duration of curing of scions for softwood grafting on 

rootstocks of different age groups. 

5.2.2 Rate of graft union success 

There were significant differences among the s~ions 

cured for different days with reference to graft union 

success. 
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Scions cured for 15 days recorded higher rate of 

Success (50.00 %) on five month old rootstock when observed 

on the 30th day after grafting. Though there was a reduction 

In graft take from 30 days to 60 days after grafting, still 

scions cured for 15 days recorded higher graft unIo~ success 

(45.00%) on five month aid rootstock and eight month old 

rootstock (45.00%). It was followed by five month old 

rootstock (40.00%) with 10 days cured scions (Table 5). 

In general, the graft union SJccess was more with 

scions cured for 15 days. Desai and Desai (1989) repo~ted 

that softwood grafting success rate ranging from 33.33 to 

80.00 per cent when 2.5 to 10.00 cm long scions were used 

on six month old in jack. Jose and Valsalakumari (1991) noted 

high percentage of sprouting and survival by the grafts 

prepared 

grafting. 

precured 

rootstocks. 

in the month of June by following epicotyl 

Th scions of three to four months in 8ge we~e 

for 10 days and were grafted on the five day old 

Similar observations were reported from the 

Bureau of Plant Industries Mandaue (Cebu) Experiment 

Station, Philippines.They attained a grafting success of 30 

to 80 per cent by the cleft method. The scions w~re 

defoliated one to two weekS before graftIng to activate the 

buds and small cuts were made at the base of the rootstoCk 

to minimize latex accumulation at the point of contact of 

SCion and Stock (Acedo, 1992). lhe importance of 
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cu~ing of scion was reported by many workers in mango 

(Mukherjee and Majumdar, 1964; Kashyap!l ~., 1972; Amin, 

1974 j Singh and Srivastava, 1979; Ram and 8ist, 1982; 

Dhungana!l ~., 1989) and in cashew (Sarada ~ ~., 1991). 

Reddy and Me1anta (1989) recorded maximum rate of graft 

take with the scions cured for 10 days on seven month old 

rootstock while following in situ softwood grafting in 

mango. 

The better union of defoliated scion shoots over 

undefoliated scion shoots might be due to the fact that 

defoliation causes an immediate rise in sucrose content of 

phloem sap of the shoots. This helps in movement of solutes 

towards the apex of the shoots and thereby resultIng in 

initiation of higher meristematic activity at the bud level. 

This condition helps in better sap flow and good callus 

formation due to stimulation of cambium division, favouring 

better graft union(Maiti and Biswes, 1930). 

5.2.2 Effect of duration of curing of scions 
of the rootstocks on number of leaves on 
number of sprouts and sprout length 

and age 
sprouts, 

5.2.2.1 Number of leaves on sprouts of graft 

The duration of curing did not influence the number of 

leaves produced per graft. The average number of leaves on 

30th, 60th, 90th and 120 th day after grafting, exhibiting nO 

definite pattern among the diffef'ent age groups of 
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rootstocks and also duration of curing of scIons. The 

maximum number of Leaves was recorded In four month oLd 

rootstock with 10 days curIng of scions (22.50) followed bj 

four months old rootstock with 15 days curing of scion 

(20.50) (Table 6), 

5.2.2.2 Number of sprouts on graft 

There was no definite patte~n and influence of duratIon 

of curing on number of sprout when grafted on rootstocks of 

different age. The highest number of sprouts developed on 

grafts prepared on four month old rootstock (6.00) with 

the scions cured for 15 days, fol lowed by those scJons cured 

for 10 days (5.25) (Table 7). In general 10 to 15 days 

curing showed higher number of sprouts on four month old 

rootstocks. 

5.2.2.3 Sprout length on graft 

Though there was significant differences among the 

Ldlffer~ht age groups of rootstocks for graft unlon' 

slic:ce5~, they did not influence later on sprout length. 

Scions cured for 15 days recorded highest sprout length on 

five month old rootstock (14,50 em) followed by the scions 

cured for 20 days (13.0Q em) (Table 6). 

In general, younger rootstocks were influenced by curing 

of scions compared to older rootstocks. Patil!!~. (1984) 

noted that in eplcotyl grafting of mango, the height of plant 
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and number of leaves were the maximum on grafts prepared on 

four days old rootstocks with the scions cured for seven 

days compared to those grafts p~epared without curing of 

scions. Sarada et ~. (1991) In cashew observed on softwood 

grafts better plant growth when preconditioned scions were 

used compared to those where preconditioning of scions was 

not followed. Further, girth of scion and girth of rootstock 

were higher in grafts prepared with precured scions. Such 

observations were also recorded by Reddy and Melanta (1989) 

in mango. 

5.3 Effect of age of rootstock on success of budding 

This experiment was conducted to find out the optimum 

age of seedling rootstocks for chip budding to obtain highest 

success. 

5.3.1 Per cent bud union success 

The rate of bud union success recorded on the 30th day 

and 60th day after budding showed significant differences 

among the rootstocks of different age groups. On the 30th 

day after budding, eight month old rootstock recorded maximum 

bud take (15.00 %) whereas on three month old rootstock the 

bud take was complete failure. On the 60th day after budding 

there was slight increase in bud take on s~ne treatments. 

The highest bud take was recorded by eight month old 

rootstock (15.00%) and here also there was complete faIlure 

in three month old rootstocks (Table 9). 
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In general, the success of chIp buddIng was poor. 

BuddIng success was better with older rootstocks i.e., eight, 

nine and 10 month old rootstocks compared to younger 

rootstocks. SImilar findings were obtained by m3ny workers 

in jack. At Burliar, flute budding and patch budding on jack 

seedling rootstocks both failed, while shield budding on the 

seedling stocks recorded 10 per cent success in May and June 

months (Anon., 1952). Samaddar and Yadav (1970) recorded 41 

per cent success by chip budding on one year old jack 

seedlings. They suggested that exudation of latex was the 

cause for low bud take. In cashew, farmers at Mozambique 

used fIve to twelve month old seedlings of 1.0 to 1.5 cm 

diameter as rootstocks and the bu,jwoods collected from 

hardened parts of current year shoots after flowering were 

used (Anon., 1966). 

Jagirdar and Ali (1965 ) studied the effect of age of 

stock plants on the bud take in mango and they reported 

higher percentage of succesS on nine month old seedlIng, 

compared to that on three and 15 month old seedlings. Bhattee 

(1979a) from Goa, reported a success rate ranging from four 

to slxtyfour per cent by bud grafting on two year old cashew 

plants during the month of September - October. 

The low percentage of success of budding obtained in 

the present study could be attributed to high temperature and 

low humidity during the period of budding and presence of 
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latex which might have prevented the callus formation and 

subsequent bud union. Structure3 whIch create high humidlty 

may help to increase the success rate. 

5.3.2 Effect of age of rootstock on number of leaves and 
length of sprouts on buds 

5.3.2.1 Number of leaves on sprouts of buds 

Average numi)er of I eaves produced per budding were 

significantly influenced by the rootstocks of different age 

when observed on the 30th, 60th, 90th and f2.0th day after 

budding. There was increase from 30th day to 120th day after 

budding for the number of leaves. The maximum number of 

leaves recorded was 11.00 on ten month old rootstock. The 

number of leaves were higher in age groups of seven month to 

ten month old rootstocks compared to three to six month old 

rootstocks (Table 10). 

5.3.2.2 Sprout length on bud 

The average sprout length of a budded plant on 30th, 

60th, 90th and 120th day after budding was significantly 

influenced by the age of rootstocks. There is increase in 

sprout length from 30th to 120th day after budding. The 

maximum sprout length of 10.16 ~m was recorded by eight month 

old rootstock followed by 8.33 cm by ten month old rootstock 

(Table 11). Here also the rootstock of seven month to ten 

month age exhibited higher sprout length., 
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The budlings were prepared from September to June and 

higher success with reference to bud union and 9rowth were 

recorded during January to. April months on seven month to ten 

months old rootstocks. In general, the percentage success 

of budding is very poor and the main reason might be due to 

presence of latex as reported by Samaddar and Yadav (1970). 

Kelaskar ~~. (1991) observed highest sprouting, survjval 

and better growth of bud grafts of jack which were kept in 

glass house followed by those kept in open sunlight or under 

partial or complete shades. Kelaskar!l!!. (1990) noted 

that there was a linear increse In success and growth of the 

bud grafts with an increase in the Size of the polythene 

bags, which may be attributed to better root growth. Ferraz 

et ~. (1974) reported that In c(lshew 99.59 per cent bud 

take by patch budding on eight month old seedlings when 

budding was carried out during the dry season. Palanlswaml 

and Hammeed (1976) achieved 71 per cent success in the month 

of July and only 50 to 58 per cent success in March, Aprii, 

September and October with patch budding. 

5.4 Success of different methods of budding 

This experiment was carried out to find out the best 

technique of budding to obtain highest success. The 

experiment was ~onducted during the month of December on six 

month old rootstock and in June on 12 month old rootstocks. 

The results of the present study showed that budding 



131 

performance was very poor (Table 12). In general, the 

success in all the methods of budding was poor. However, 

chip budding success was comparatively better than all the 

other methods on both six month old and twelve month old 

seedling rootstocks. Chip budding produced five and eight 

successful budlings out of fourty on six month and twelve 

months old rootstock respectively. Patch budding was the 

next best method which produced three and four successful 

bud Ii ngs out of fourty budlings prepared on six month and 

twelve month old rootstocks respectively. There was complete 

failure of inverted 'T' budding method. Many workers tried 

different methods of budding in jack and got varying degrea 

of success (Teaotia~t_~., 1963; Moti~2l., 1976; Singh 

et 2l., 1982; Biswass and Hossain, 1984). The low bud take 

might be due to the exudation of latex as suggested by 

Samaddar and Yadav (1970). The weather conditions prevailing 

during the period (Appendix.1) may also affect on budding 

success. High humidity is helpful in the healing of unions 

of buds with the rootstocks. 

Budding has given very variable result in jack and the 

most promising method appears to be patch budding. This 

method, apparently so far tried only in North India, still 

needs to be tried out under other conditions (Garner, 1976). 

In the present investigation chip budding recorded higher bud 

take compared to patch budding. 
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Many workers obtaIned good SUCCDSS by f oj j t)wi("j 

different budding techniques dur In9 different mon ths 

Teaotia (1963), Jauhari and Singh (1970) and Motl at al. 

(1976) in mango, Nagabhushanam and Rao (1978), Chana and 

Savant (1979) and Nambiar (1980i 1981) In cashew. AccordIng 

to Nambiar (1980) the success obtained in cashew budding at 

Vengurla a,d Bhubaneswar Research Station was poor alround 

the year. The above studIes showed that success In budding 

of cashew is greatly influenced by regional weather 

conditlons. This also holds good for jack and other crops. 

5.5 Chemical constituents of rootstock and scions 
grafting and budding success 

on 

Physiological and biochemical differences between the 

stock and SCion are important features responsible for 

incompatibility. In the present investigation, the role of 

various chemical constituents on the success or failure of 

grafting and budding was studied. Muhanin (1964) stated that 

the biochemical differnces among the different age groups of 

rootstocks of different species were responsible for 

incompatibility. 

5.5.1 Rootstocks 

There was no definite trend in chemi ca 1 

constituents of rootstocks of different age groups (Table 

to 19). The totai sugar content increased from three monthS 

twelve months old rootstock and eight month' stock recorded 
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maximum content. In case ot reducing sugars the maximum 

content was recorded by twelve month old rootstock and there 

was gradual increase from three to twelve month old 

rootstocks. Regarding non-reduCing sugars, there is no 

definite trend and maximum content was recorded by eight 

month old rootstocks. The starch and total carbohydrate 

content decreased from three to twelve month old rootstock 

and maximum content was recorded in three month old 

rootstock. Highest nitrogen and protein content were 

recorded by three month old rootstocks. However, 

carbohydrate to nitrogen ratio (C/N) was higher in six month 

old rootstocks. 

In the present study. though grafting and budding on 

rootstocks of all the groups did not give fair success, the 

highest success was obtained on five to ten month old 

rootstocks. There is not much dl fterence in the chemical 

constituent of rootstocks. 

Fahamy (1954) reported that there was no positive 

relationShip between the carbohydrate content 01 rootstock 

and scion In graft union Success for mango. However, Muhanln 

(1964) noted that nutrient composition of rootstocks had a 

definite role in inflUencing bud take in sweet cherry, sour 

cherry, plum, apricot and apple. Reddy (1986) in mango 

found differences in the chemical composition of rootstock of 

differe~t ages. He obtained higher succeS5 of softwood 
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grafting with three to four month old rootstocks raised i~ 

pOlythene bags. 

5.5.Z Precured scions 

The physIologIcal and biochemical Changes during the 

period of curing of scions plays an Important role in the 

success of grafting. There is difference between scions 

cured for different days. The scions cured for ten days 

recorded higher total sugars, reducing sugars, 

sugars, starCh, total carbohydrates, total 

non-reducing 

nitrogen and 

protein However, the carb~hydrate / nitrogen ratio and 

dry matter content was lower in ten days cured scions. In 

the present Investigation scions cured for ten days and 15 

days recorded higher grafting success compared to twenty days 

cured scions. It might be due to the accumulation of the 

sugars, starch, and carbohydrates which might have helped in 

b'atter callus formation. 

(1952) observed the accumulation Fahamy 

carbohydrates and starch in the pregirdled scions 

of 

of 

Mecadamia and Sapodilla for sugars, starch and carbohydrates. 

However, significant differences were not fourld bet .... eer, the 

pregirdied and ungirdled SCions for graff take. Fedrov 

(1961) noted an increase In carbQ~ydrate content at bud 

swelling stage in wild Chinese apple a1d the content was 

comparat Ively higher at the time of bud burst. Redd} and 

Melanta (1989) observed the reduction of phenol content wllM 

preconditioning which Inturn helped in better graft union. 
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5.6 Propagation of jack by air layers 

In the present investigation, one of the objective was 

to study the effect of various growth regulators in different 

concentration with pretreatments like girdling and etiolation 

and without pretreatments in the production of successful 

air layers in jack under Bangalore condition. 

5.6.1 Effect of pretr~atments on the success of air layer 

During winter season out of 330 air layers prepared 

only 169 layers were survived over 75 days. In summer 

season only 127 layers out of 330 layers survived for 75 days 

(Table 13). None of the layers produced roots. Better 

results obtained with NAA 10,000 ppm compared to other 

treatments. However, during rainy season NAA 10,000 ppm 

produced maximum rooting (40.00 %) followed by NAA, 7500 ppm 

(33.33%), when observed 75 days after air layering (Table 

15) . The layers treated with NAA 10,000 ppm recorded 

significantly higher number of roots (25) and maximum root 

length (10.00 em) followed by NAA 7500 ppm, which recorded 

(13.00) number of roots and rootlength of 11.0 em (Table 

16) . 

5.6.2 Layers prepared without pretreatment 

The air layers prepared without pretreatment like 

girdling and etiolation failed to produce roots even with 

different concentration of growth regulators IBA and NAA 

during differnt seasons. Compared to three seaSO:lS rainy 
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season (July) recorded more number of layers survived over 

75 days. Some layers produced calius but failed to produce 

roo t (T ab I e 1 4) . 

Preconditioning treatments such as girdling and 

etiolation prior to layering were found to enhance rooting 

potentiality of several horticultural crops. Girdling 

around the stem blocked thc downward rnovernen t of 

carbohydrates and root promoting substances resulting their 

accumulation above the girdled portion (Stoltz and Hess, 

1966a), Etiolation increased the auxin content (Kawase, 

1965) and decreased the level of endogenous growth Inhibitors 

(Turekaja and Kof, 1965) , Thus these types of 

preconditioning treatment create a congenial condition 

inside the plant body for intilation and development of 

adventitious roots in air layers, 

Advantages of girdling and etiolation on enhancement of 

rooting and improvements in root characters were reported by 

Sulladmath and Kololgl (1959), Chlnnappa and K~101g1 (1961), 

Nair (1989) in sapota, Nalwadi and Sullkeri (1972) in fi9, 

Vijayakumar (1972) in guava, Melanta (1982) in cashew, Baruah 

(1988) in custard apple, Mukherjee and Chatterjee (1978), 

Lingarajappa (1980), Desai and Patil (1984) and Nazeem ~~, 

(1984) in jack. 
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Better results were obtained by girdling and ollolatlon 

along with growth regulators used by many workers in jack 

(Dhua and Sen, 1984), in cashew (Sen and Chakrabarthy, 1972; 

Melanta, 1982), in 1 itchi (Sharfuddin and Hussain, 1973) and 

in ber (Chatterjee and Rao, 1978). This may be attributed 

to the combined action between endogenous rooting cofactors 

and externally applied growth regulators. Angeles (1983) 

obtained very low success with air layering of jack 

when air layering was done in July. Singh ~ a\. (1949) 

attributed the failure of younger shoots to produce roots 

to the fact that they were growing too actively and were 

therefore not accumulating enough carbohydrates. However, 

most workers suggests that the jack shoots for air layering 

should be of two to three years age and brownish in colour 

(Jauhari <lnd Mehra, 1960; Singh at ~., 1949; Singh, 1951; 

Singh 1955). 

5.7 Propagation of - jack .from stem cut tin~ -under mist 

Studies were carried out to know the effect of growth 

regulators in different concentrations ~n rooting stem 

cuttings. Effect of pretreatments like girdling and 

etiolation on rooting ability of jack ur:Qer mist were 

also studied. 

5.7.1 Effect of pretreatment on successful 
cuttings 

rooting of 

The cuttings prepared after pretreatments lik~ girdling 

and etiolation remained alive for over 60 days though they 
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did not root at all. It was b d a serve that growth regulators 

IBA and NAA at different concentration also failed to strike 

root. Out of 330 cuttings planted in each season, 80 

cuttings survived for 60 days during winter (Octaber) and 144 

during SUl'lTT,er (March). The number of cuttings survived are 

155 during rainy season (June) though few had produced 

callur, (Table 17). 

5.7.2 Cuttings prepared without pretreatment 

The cuttings prepared without pretreatment ilk';! 

girdling and etiolation kept under mist during three seas~n 

i.e., rainy, winter and summer fai led to root e·len wi th 

different concentration of IBA and NAA. Among the three 

seasons, rainy season recorded better survival of cuttings 

for over 60 days and also produced callus (Table 18). 

However, the number of cuttings survivej are less compared 

to those cuttings prepared with pretreatments. 

In general, the rooting was complete failure in Jack 

by cuttings under mist in all the seasons with all kinds of 

treatments tried. In a trial at the National Botanical 

Garden, Lucknowby Singh (1955) apical, semihardwood or 

hardwood cuttings did not root, even when treated with rool­

promoting g~owth re9ulators. Poor rooting (less than 10%) of 

young ar.d mature stem cuttings has also been noted in the 

Philipp1nes (Angeles, 1983). Application of NAA or IBA, 
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u;e of low or high pressure mist propagator and use of 

dltferent media all failed to improve the rooting ahility of 

th~ cuttings. Cuttings from roots are also failed to root In 

jack as observed by HensleighandHola",ay (1988). It was 

stated that, the presence of latex makes it a comparatively 

difficult material to root (Auju;" 1959). 

Many workers on the other hand successfully obtained 

higher rooting percentage in jack. Mukherjee ~nd Chatterjee 

(1978) recorded the highest perce~tage (IOO) of rooting and 

establishment (91.66) wl),en ti'),~ etiolated shoots were treated 

with 10,000 pp:n lH\ d'Jring September. The same workers 

(1979) obtained 64 per cent rooting and 75 per cent survival 

from invigorated and etiolated shoots treated with 5,000 ppm 

leA 'under mist. Similar resul ts on jack were obtain'3d by 

Chatterjee and Mukherjee (1982). Ohua et al. (1983) 

re~orded maximum rooting success (90,0 %) in cuttings taken 

from shoots etiolated and ringed for 30 dais and then treated 

with lBA at 3000 ppm plus ferulic acj,j at 2,000 ppm. In 

other cropS rooting of cutting was observe~ by many workers 

in guava (Ohua ~ ~" 1982; Pravo1 ~~., 1988; Debnath 

and Maiti, 1990), in ta,narind (Swamlnath ~ ~~., 1990),ln 

mango (SadhoJ ·3'ld Bose, 1980; Bid and Mukherjee, 1972) and In 

cashew, ( Khan, 1962; Coester and Ohler, 1976). 
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5.8 ~nf~uence of season on rooting of airlayer and cuttings 
In Jack 

The selectivity of SQJiOnS In relatlon to fooling of 

cuttings and laye~. was observed In some of the plant 

species. The changes in rooting response with changes In 

seasons have baan 3ttributed to the morpho-physiological 

statu" of the shoot. The endogenous levels of nutrients and 

growth promoting substances are also in f I uenc ed by 

Bwironment/ll condi t ions such as sunshine, temperature, 

humidi ty and rainfall. Some of these factors in turn havp 

effect on the mobilization of reserve food ~lterlal through 

hydrolytic enzymes, resulting in their convertion into 

readily availale forms to cater to the requirements of 

rapidly growing cells and tissu'~,;, changes in the cambial 

activity and tissue cQ,Hent of auxins, inhibitor,y substances 

and root promoting cofactors. 

In the present Investigation though there was complete 

failure of rooting by hardwooj cuttings in all the seasons, 

rooting of air-layering during the rainy season was 

satisfactory. This ShONS thdt rainy season Is more congenIal 

for preparation of air layers. Many scientists obtained 

higher ronting during rainy season In mango (Surayanarayanan 

and Rao, 1982) and in sapota (Sulladmath an,j :(01019 i , 1959; 

Nair, 1989). Jauhari and Mehra (1960) haj very msagre 

success in jack with air layering in the m,H1\h of February. 
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But they achieved up to 100 per cent rooting during the rainy 

season of late August to late October. According to Baruah 

(1988), the monsoon was the best season for making cuttings 

and air layers of custard apple. 

The variation seems to be related to the climatic 

factors such as temperature, humidity and rainfall. The 

weather data given in Apendix show seasonal fluctuation in 

the above mentioned climatic factors. It is presumed that 

the congenial atmospheric condition during the callus 

formation and root initiation periods might have contributed 

to the better performance of the shoots layered during rainy 

season. Bose and MandaI (1970) found that high humidity and 

low temperature enhanced rooting in many plant species. The 

artificial provision of these factors resulted in more 

number of roots in a much shorter period. Yet another role 

of humid i ty and temperature in rooting is maintenance of 

turgidity of the tissue and prevention of deslccatlorl. 

According to Singh et al. (1957), Janik (1979) and Hartman 

and Kester (1986), high humidity and low temperature 

decreased transpiration loss of water and desiccation of 

tissues and helped the shoots to maintain turgidity and 

high leaf water potential, thus making condition condusive 

for rooting. The above works thus support the fact that 

climatic factors have a role in the induction of rooting in 

jack air layers as observed in the current studies. 
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5.9 Chemical constituents of jack shoots 

The studies on the biochemical constituents revealed 

slight differences In the different chemical constituents 

between girdled and etiolated shoots and non-girdled and 

etiolated shoots. Girdled + etiolated shoots recorded 

comparatively higher amount of totai sugars, reducing 

sugars, starCh, total carbohydrates, carbohydrate to nItrogen 

ratio and dry matter content over non-girdled and nQn­

etiGlated shoots. This IndIcates that hIgher carbohydrates 

con t en t 

season. 

favours the rooting in air layers during rainy 

Nitrogen content was less in pre-girdled and 

etiolated shoots. Similar observations recorded b>' Basu !! 

al. (1967, 1972) in mango. Hess (1961) suggested that, 

when other factors for rooting were present, carbohydrate and 

nitrogenous substances shOUld have promotive effect on 

rooting. It is possible that these factors may contrloute 

to some extent to better rooting. Sen and Basu (1960) 

attributed some Significance to carbohydrate to nitrogen 

ratiO, but it did not improve rooting of the invigorated 

cuttings. Nanda and Anand (1970) observed better rooting in 

Populus nigra due to auxIn application when the nutri tional 

status of the cutting was satisfactory. They stressed the 

importance of proper balance between auxin and nutritional 

status of the stem cuttings. 
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5.10 Role of root promoting cofactors on rooting of jack 

Studies on the rooting cofactors of girdled and 

etiolated shoots revealed that pretreatments like girdling 

and etiolation has shown presence of rooting cofactors though 

the levels were very low. The.shoots in the rainy season 

recorded much higher l'evel of cofactors 1 and 4 compared to 

shoots of winter and summer season (Table 22 and Figs. 11 to 

16) • 

Hess (1966) indicated that rooting cofactor 4 was quite 

essential for root initiation. In the present study, though 

there was complete failure of rooting by cuttings, where as 

air layers rooted only during rainy season with pretreatments 

like girdling and etiolation. The poor rooting could be 

attributed to high level of inhibitors compared to promoters. 

Sengupta and Chattopadhya (1954) reported that failure of 

rooting in response to auxin application in many plant 

species like Mangifera ~ and Eugenia jambolana may be 

atrributed to the lack of cofactors in the cuttings. Basu et 

al. (1966) observed that greater accumulat ion of rooting 

cofactors in the girdled seedling shoots of mango compared 

to non-girdled ones. Vijayakumar (1972) observed that 

invigorated tissues of guava obtained during the month of 

July contained all the four rooting cofactors. The cofactor-l 

is very essential for initiation of root was present in thE 

highest amount. Melanta (1982) In cashew observed tW( 



144 

important root promoting substances in invigorated and 

invigorated-ringed, etiolated tissues. Llngarajappa (1982) 

in jack recorded all the four rooting cofactors in pre­

girdled plus etiolated shoots. SimIlar resuits were 

obtained by Shivanna (1983). Chatterjee and Rao (1985) noted 

that etiolated condition of both the invigorated and non­

invigorated shoots induced higher net raot promoting effects. 

According to Baruah (1988), the mature shoots of custard 

apples contained higher activity of inhibitors and low root 

promoting cofactors. Juvenile shoots of custard apple showed 

higher root promoting cofactors " 2 and 4. He also noted 

seasonal effect on root promoting cofactors. The root 

promoting cofactors were higher level in monsoon and 

inhibitors were more in winter season. 
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VI. SUM'MRY 

The present Investigations on the standardisatIon of 

vegetative propagation techniques in jack were carried out in 

the Horticultural Research Station, Gandhi Krishi Vignana 

Kendra (G.K.V.K), University of Agricultural Sciences, 

8angalore during the year 1990-1992. The studies were 

conducted to find out quicker, easier and cheaper method of 

vegetative propagation following techniques of grafting, 

budding, layering and use of cuttage. The optimum age of 

rootstocks for the higher success rate and growth of grafts 

and budlings were studied. The optimum duration for curing 

of scions on the success of softwood graftIng was also 

studied. Different budding techniques were taken up to 

find out suitQble methOd. Effect of growth regulators and 

season on rooting of jack cuttings and air layers were 

studied. Influence of pretreatements like girdling and 

etiolation on rooting of cuttings and layers were also 

stud i ed. 

Biochemical analysis of rootstocks, scions and jack 

shoots were done to know the influence of these on success of 

grafting, buddIng and on rootIng of cuttings and layers. 

The salient 

below. 

6.1 Grafting 

findings of these studies were surrmarised as 

Among the different age groups of rootstocks tried for 

softwood grafting, six month aged rootstocks recorded the 



highest rate of graft union success (36.67%) 

seven month aged rootstock (30.00%). 
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followed by 

The maximum number of leaves (19.83) and longer sprouts 

(12.54 em) were produced by the grafts on six month aged 

rootstock and the maximum number of sprouts (4.16) were 

recorded by grafts on eight month aged rootstocks. 

For the softwood grafts, scions cured for fifteen days 

recorded the maximum rate of graft union sUCCess (45.0%) on 

five month aged rootstock and by ten days cured scions 

on eigr.t month aged rootstock (45.0 %). 

The highest number of leaves (22.00) were produced by 

the grafts on four month aged rootstock with ten days 

curing of scions. The maximum number of sprouts (6.00) were 

recorded on four month aged rootstock grafted with scions 

cured for fifteen days. Longer sprout length (14.5 cm) was 

recorded on five month old rootstocks grafted with scions 

cured for fifteen days. 

6.2 Budding 

The success of chip budding was poor. The hIghest 

success of 15.00 per cent was recorded on eight month old 

rootstock. 

Budding on ten month aged rootstocks produced higher 

number of leaves II' .00) and the longer sproutG 110.16 cm) 

were produced by the budding on eight month old rootstocks. 
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Among the different methods of buddIng. chip budding 

recorded higher number of Successful budl(ngs followed by 

patch budding both on six and twelve month oid rootstocks. 

The chemical analysis of different age groups of 

rootstocks did not show much difference In chemical 

constituents. The total sugar and reducing sugars content 

increased from three month to twelve month aged rootstock. 

The starch and total carbohydrate content decreased from 

three to twelve month aged rootstocks. There was no definite 

trend in other constituents among different age groups of 

rootstocks. 

Among the scions cured for different days, there was 

not much difference in chemical constituents. The scions 

cured for ten days recorded higher total sugars, reducing 

sugars. non-reducing sugars, starch, total carbohydrates, 

nitrogen and protein contents. 

6.3 Air layering 

Jack air-layers failed to produce 

pretreatments like girdling and etiolation 

with different concentration of IBA and 

roots wi thout 

and t rea tmen t s 

NAA. This was 

observed in all the three seasons Le., rainy, winter and 

summer. 

etiola t Ion 

However, with pretreatments of 

and growth regulators the layers 

9i rdl tng and 

rooted during 

but fai led to produce root in SUfJJl1e,' and rainy season 
winter 

season. 
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The maximum per.centage of rooting (40.00 %) was 

recorded by the application of NAA 10,000 ppm followed by 

NAA 7,500 ppm (33.33 %). ihe highest number of roots per 

layer 

10,000 

(11 em) 

(25) were produced by the layers treated with NAA 

ppm followed by NAA 7,500 ppm (13.00). Longer roots 

were recorded by the layers treated with NAA 7,500 

ppm followed by NAA 10,000 ppm (10 cm). 

6.4 Stem cuttings 

Hardwood stem cuttings of jack failed to strike roots 

with different concentration of IBA and NAA during all the 

seasons with pretreatments and without pretreatments. Many 

of the cuttings survived fOf 60 days and some produced 

callus. Among the three seasons, rainy season recorded 

better survival of cuttings of both pretreated and without 

pretreated cuttings. 

6.5 Rooting cofactofS 

1he jack shoots showed differences for the presence of 

rooting cofactors. The differences was found between girdle( 

and etiolated and non-girdled and non-etiolated shoots 

Pretreatments like girdling and etiolation showed presence o· 

rooting cofactors, though the levels were low. The shoot 

in the rainy season recorded much higher levels of cofactor 

1 and 4 compared to shoots of winter and summer season. 
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The results of the present investigation revealed that 

softwood grafting could be adopted for large scale 

multiplication of jack with cured scions. Chip budding also 

can be taken up. Air iayering would give better success if 

done during rainy season. The treatments with higher 

concentrations of NAA is helpful while preparIng aIr layers. 
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