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INTRODUCTION

Garcinia cambogia, named by the French Botanist,
Desrousseaux ‘and referred to;.in vernacular, as Kodumpuli , 1is
a medium sized tree with rounded crown, horizontal or drooping
branches and dark green shiny, elliptical or obovate leaves.
The tree is found commonly in the evergreen forests of Western
Ghats from Konkan southwards to Travancore and in Shola

districts of Nilgiris upto an elevation of 6000 ft.

The tree occupies the backyards of Kerala's homesteads
more often as one among the miscellaneocus tree crops. The
tree is diogcious in nature with male and hermaphrodite plants
separate (Plates 1 and 2). It flowers during the hot season
and fruits and seeds become.mature dgring the rainy season
(Plates 3 and 4). The fruits Have_a unique use in the State.
In Kerala, it is being exclusively preferred in cuisine
involving fish. The processed rind 1is also used as a
condiment for flavouring curries iﬁ place of tamarind or lime.
The fruit is rich in acids and possesses marked antiseptic
properties. The. segds of the fruits contain edible fat
resembling kokam butter from G. indica. The trée yields a
transluséent yellow resin (gamboge) which forms an yellow
varnish with terpentine. A decoction of the fruit rind is
given in rheumatism. It is also employed in veterinary

medicine as a rinse for diseases of mouth in cattle.



Plate 1 A female tree of Garcinia cambogia

Plate 2 A male tree of Garcinia cambogia







Plate 3 Ripe fruits of Garcinia cambogia

Plate 4 Extracted seeds of Garcinia cambocgia

A. Seeds with seed coat

B Seeds without seed coat






Now-a-days, pressure on land has pushed Kodumpufi and
many othé; useful plants to the backyard of our agricuiture.
Further, variation in yield due to repeated seed propagation,
the dense shade of foliage and the belief that it is a heavy
feeder tend to make farmers regard this crop as a liability.
However opportunities are tﬁe;e to create an ideal plant type
with short stature, year round fruiting habit and desirable
fruit characters like édiblé pulp and seedlessness which may
bring about a radical change in the cultivation of Kommmuﬂf
Among them, standardisation of vegetative ‘propagation is in
the nearest reach which will offset the ill-effects of
repeated seed propagation to some extent. In order to raise
the rootstocks for vegetative propagation .seeds are of utmost
need. Tﬁe lacuna in seed propagation is the long resting
period of seeds before germination. Normally, the seeds take
a long period of nine to ten months after sowing, for
germination. It will be of great help to the plant
propagators, if their long period of rest could be overcome by
séme viable means. ﬁowever only little work has been reported
so far, in these regards. Hence there exists a need to look
after the studies concerning the formulations of vegetative
methods of propagation in this crop. Hence the present study
-was undertaken ‘in the Department of Pomology and Floriculture,
College of Horticulture, Vellanikkara during the éeriod of

1990-92 with the following objectives.



(1)

(ii)

{iii)

(iv)

(v)

To study the effect of seed coat and growth regulator

treatments on germination of G. cambogia seeds.

To standardise the type and age of rcotstock for

softwood, epicotyl and double grafting.

To standardise the days required for the precuring of
scion/to study the effect of type and age of scion wood

on the success of grafting.

To study the effect of season on the success of

grafting.

To sﬁudy the.anatomy of graft union.



Poviow 05 ,Z[z‘emtute



REVIEW OF LITERATURE

Kodumpufi, Garcinia cambogia, belonging to the family

Guttiferae, though an importént minor fruit of Kerala's home-
steads has not been e#pioited fully. The dioecious nature of
the crop deprives the farmers of its commercial cultivation.
Kodumpuli being seed propagated, there exists a lot of
variation among the seedlings with respect‘to its yield and
quality. Adoption of vegetative'propagation is a remedy for
these difficulties. Easy, simple and economic vegetative-
propagation methods can be adopted for the perpetuation of
high yielding female trees. This will also avoid the waste
incurred towards the maintenance of the male trees till the
flowering stage. Unfortunately, very little work has been

done in +the sexual and asexual methods of propagation,

particularly in G. cambogia and generally in the related
species .and other genera of the family, Guttiferae. This

chapter tries to enlighten the attempts made by various
scientists in the field of sexual and asexual proéagation with
special reference to epicotyl and softwood grafting and the
factors influencing the success of these two methods. of

grafting in the close relatives of G. cambogia and the other

major tropical fruit crops.



2.1 Sexual propagation

In most of the tropical fruits, though the methods of
vegetative propagation have been standardised, seed propagation
is élso resorted to. Eventhough the seedling plants are not
commonly made use of for commercial cultivation, they have a

major role to function as rootstocks in vegetative propagation.

Mangosteen (Garcinia mangostana), a close relative of

Kodumpuli is a seed propagated crop. Ironically, mangosteen

has ao true seed. It is parthenogenetic in nature and the
plants raised from seeds are exactly like the mother tree
(singh et al., 1963 and Dassanayake and Perera, 1988).
According to Gonzaiez and Anoos (1951) fresh manéosteenseeds

had a germination rate of 85 per cent and the average

germination period was 19.5 days. They also observed that

only 50 per cent of the freshly gathered seeds packed in moist
sphaynum moss in tightly closed containers were viable after
two months. of unpacked seeds, or seeds packed in ground
charcoal, only ?2 per ceat were viable after 15 days. Winters
and Rodriguez (1953) reported that méngosteenseeds stored for

one week, either dry or moist at 50°F failed. to germinate.

Storage at room temperature in moist charcoal dust gave the
highest percentage of germination but was only slightly better

than storage in moist peat moss. Both the treatments

preserved viability for seven to eight weeks. Seeds stored in~

the fruits showed delayed gefmination on sowing. The



viability of air dried seeds was lost after four weeks. Seeds
stored in _the desiccator over calcium chloride for even one
week failed to germinate. Shanmugavelu et al. (1987) stated
that mangosteen seeds gave only 70 per cent germination when
sown within five days of extraction. Seeds free of pulp

recorded 20 per cent increase in germination over those sown

with the pulp intact.

Singh (1951) reported that mango (Mangifera indica)

stones usually take 30 days for germination. Simao (1960)
noticeé 36 per cent germination for mango stones of two
varieties studied. Giri (1966) observed that the percentage
germination of mango seeds extracted from fruits with a soft’
pulp was significantly higher (76 per cent) than that of seeds

from firm fruits (54 per cent).

In seed germination studies of cashew, (Anacardium

occidentale) Rao et al. (1957) found that viability of cashew

nuts remained over 90 per cent for 7 months and reduced to
zero in 14 months. Time of germination was 13 to 14 days for
the first eight months increasing upto 22 days for aged seeds.
Pushpalatha et al. (l991a) observed that there was no

difference in the germination pattern between seeds sown in

polythene bags and in the field directly. 1In both the cases

seeds took 15 days for germination.

Guava (Psidium guajava) 1is propagated mostly by

vegetative methods. For raising rootstocks, seed propagation



is followed. Normally, fully matured fresh seeds are used for

sowing. Kumar et al. (1991) obtained 62 per cent germination

in guava seeds and it took 25 to 30 days for completion of

germination.

Raman (1956) studied seed germination of several types

of jack fruit (Artocarpus heterophyllus) and concluded that

germination percentageafter one month of sowing ranged from 57

to 95. Sinha and Sinha (1968) recorded 50 per cent germination

in jack fruit seeds.

Kannan (1971) observed a very wide variation in the
number of days taken for germination of nutmeg seeds and it
ranged from 27 to 100 days. Stray cases of gerﬁiﬁation was
noticed even after 150 days. Studies on seed viability showed
that geeds stored in polythene bags oOr moss remained viable.
for 15 days and it took about 60 to 120 days for germination
(Philip, 1974). Nair et al. (1977) found that germination
took place in 60 to 90 days. Ilyas (1978) opined that maximum
seed germination was 45 to 30 days and germination would be as
high as 98 éer cent if seeds were sown immediately after
extraction. According to Mathew (1979) nutmeg seeds showed 65

per cent germination when sown during the month of June and

the number of days taken for germination was 55.63.

Sriram f1977) reported 52 per cent germination upto

aromaticum) seeds.

58 days of sowing in -clove (Syzygium



According to Ilyas (1978) germination of cinnamon {Cinnanomum

zeylanicum) seeds started in about 20 days of sowing.

2.1.1 Factors affectiny seed germination

2.1.1.1 Effect of seed coat on seed germination

The effect of removal of seed coat ©On germination was
studied in mango by Simao (1960). According to him

germination was enhanced and germination percentage was

increased by dehusking treatment. He obtained 77, 52 and 36
per cent germination with husked stones, stones with the husk
cut lightly at the stalk and unhusked stones ;espectively.
Subramanya and Reddy (1989) also obtained early germination of
mango stones 'by the removal of seed coat before sowing. The
use of seeds with cracked seed coat also resulted in early
germination. The £final germination percentage was also

considerably increased by these treatments compared to the

intact seeds.

According to Ilyas (1978), in clove, dehusked seeds

started germination on 16 days after sowing and by the 46th
day 88 per cent of them germinated whereas unhusked seeds

germinated 27 days aftex sowing and by the 58th day only 48 to

52 per cent of them germinated.



2.1.1.2 Effect of gibberellic acid on seed germination

The stimulatory effect of applied gibberellic acid on

germination of seeds has been widely accepted (Leopold,l1979;

Hartmann and Kester, 1989).

In cashew, Shanmugavelu (1985) recommended seed
treatment with GA3 for 48 h at 100 to 500 ppm concentration to

enhance germination upto 100 per cent. The treatment also

‘inereased the root and shoot growth of seedlings.

in guava; pre-sowing treatment - with GA3 100 ppm
improved seed germination to 60 per cent whereas seeds soaked
in water recorded 55 per cent and dry seeds recorded 46 per

cent germination respectively (Kumar et al., 1991).

Faroogui et al. (1971) reported that GA at 25 and

50 ppm concentration enhanced germination and improved

germination percentage of sapota (Achras sapota) seeds.

Duarte et al. (1974) noticed that when cherimoya

(Annona cherimolia) seeds were treated with GA at 10,000 ppm

concentration, - germination  percentage was significantly

increased. If treated with 1000 ppm GA it increased seedling

growth.

In nutmey, seed treatment with GA was found to improve

seed germination. Mathew (1979) obtained 75 per cent

germination when the seeds were soaked for 24 h in 200 ppm GA.
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2.2 Asexual propagatibn

In mangoéteeﬁ, oﬁe of the most popular members of the
family, Guttiferae, considerable attention has been bestowed
in the field of vegetaﬁive propagation at different parts of
the world. Numerous experiments have beeri conducted to
develop stronger, more rapidly growing small mangosteen trees
and to reduce the time for fruit production. The methods like
cutting, layering, budding and grafting have been reported to
be failure or with 1little success. No.method has yet been
found that has any real advantage over seed propagation.(Aﬁon,

1954, 1956; Shanmugavelu et al., 1987).

Trials ‘conducted at District Agricultural Farm,
Thaliparamba révealed that cuttings of mangosteen remain alive
for nearly 8 months in beds and stray cuttings do produce one
or two weak roots which however fail to survive (Naik, 1948).
Hayes (1957) opined that propagation of mangosteen through
cutting is fairly successful. Singh et al. (1963) conducted
trials on propagation using cuttings at Kallar and Burliar
Fruit Research Station and reported that propagation of
mangosteen through roo:ing of its own shoots is feasible, but

needs confirmation on & commercial scale.

‘Layering is nct a feasible method of propagation in
mangosteen {Naik, 1948; Krishnamurthy and Rao, 1962}).

Gonzalez and Anoos (1951) also observed that marcotting trials

in mangosteen invariably failed.
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Naik (1944) opined that budding in mangosteen was less
encouraging as the bud take was poor and even after showing
signs of union with rootstock they required long time to

sprout. But budding was found to be a feasible method of

'propagation in Manila (Singh, 1986).

Among the various grafting methods, inarching and side

grafting have been studied widely. Here also, variable

results have been reported by different workers. Naik (1944)
proved that side grafting mangosteen on the same seedling
rootstock was easy and capable of producing almost cent per

cent success. However, the successful side grafts uniformly

failed to make any appreciable growth in orchards and
eventually died. Acdcording to Naik (1948) inarching 1in

mangosteen gave 60 per cent success. Gonzalez and Anoos

(1951) noted that grafting of mangosteen with Garcinia kydia

and G. morella rootstocks gave only 10 to 12 per cent success.
Thayer (1961) also got some success with G. tinctoria and
G. spicata rootstocks. Recently, softwood grafting by wedge
method on mangosteen seedling rootstocks of two to four years

age gave 90 per cent success as reported by Dassanayake and

Perera (1988).

Kokam (Garcinia indica) is a popular spice crop in the

coastal parts of Maharashtra and Karnataka used mainly for the

extraction of kokam butter  which is consumed as an edible fat.
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As in the case of G. camboéia, in kokam also, the diocecious
nature of the crop is a major limitation of its systematic
cultivation. Oscar (1983) suggested that this problem could
be replaced by maintaining the appropriate ratio of male and
female plants by propagation through softwood grafting. He
obtained 86 per cent success in this method. Hadangar et al.
(1987) reported in situ softwood grafting as a simple and
easily adpptable.method for kokam propagation with a maximum
success of 90 per cent. Hadangar et al. (1991) also showed

that softwood grafting could be performed in October for

getting the best results in Maharashtra.

Mammey apple (Mammea americana), another member of the

family Guttiferae, is a native of Tropical America and West
Indies. The commercial part of this tree is its fruit, though
not popular like mangosteen. In a trial to find out one
successful vegetative propagation in mammey apple,’ Krochmal
(1970) found that wedge grafting on the same seedling
rootstocks was successful. In another study conducted by
Arriaga and Maldonaldo, (1976), it was concluded tﬁat the best
results were obtained with side gfafting on nine months old
rootstocks (55.7 per cent take) followed by patch budding

(35.9 per cent take) while tip grafting was unsuccessful.

2.2.1 Effect of type cf rootstocks on the success of grafting

In vegetative propagation methods 1like budding and



grafting, the rootstocks play an important role in the graft

or bud union. only compatible rootstocks form successful
union. Incompatible union may survive for some years but they
eventually fail showing off the signs of incompatibility

(Hartmann and Kester, 1989). So selection of rcotstocks in

budding and grafting studies has got utmost importance.

Popenoe (1920) described the rootstock trials for
mangosteen carried out in Centeral America, Malaya etc.

According to him, though mangosteen unites with about 20

species of the genus Garcinia, only a few could be recommended

as promising stock plants. Among the two other genera of the

same family tried, Calophyllum calaba and C. inophyllum formed

imperfect union while one to three years old Platonia insignis

seedlings were found to be very promising rootstocks.

According to Naik (1948) also C. inophyllum is an incompatible
rootstock for mangosteen. He also opined that inarching
mangosteen on G. tinctoria and Q. speciosa had given 60 per
cent success. The grafts on G. tinctoria rootstocks aged more
than four years appeared to be the most promising ones. In a
rootstock trial conducted by Gonzalez and Anoos (1951) it was
proved that mangosteea did not unite with rootstocks ' of

Calophyllum spp.., Cratouxylon spp. oOr Rheedia edulis. Among

the 13 species of the genus @Garcinia tested, G. kydia and
G. morella though showed compatibility, the percentage of

union was 10 and 12 respectively. However, Thayer (1961)
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showed that mangosteen could be successfully grafted -on

G. spicata, G. tinctoria, Rheedia aristata and Clusia rosea.

Dassanayake and Perera (1987) got 90 per cent success

in mangosteen grafting when the same species was used as

rootstocks. In the -case of mammey apple and kokam also, when
the same species were employed as rootstocks, the best.results

were obtained (Arriaga and Maldonaldo, 1976; Hadangar et al.,

1991).

In a study conducted by Richards (1943) in sapota to
find out the best rootstocks for budding and grafting
techniques, it was revealed that sapota seedlings themselves

were the best ones. Bassia longifolia was also found to be

compatible while Mimusops hexandra proved to be an incompatible

rootstock. However, the slow growth of sapota seedlings is a
limiting factor to use it as a rootstock. So another study
was conducted by Gonzalez and Fabella (1952) which disclosed

that Palaquim foxworthy, P. merrillii, P. philippense and

Madhuca bgtis showed high degree of compatibility with the

sapota scion. Trials conducted in Kerala by Nambiar (1954) in
the Agricultural Research Station, Thaliparamba revealed that

sapota grafted on Mimusops hexandra had made considerably more

growth than trees grafted on sapota seedlings themselves.

Grafts on Bassia longiiclia made growth intermediate between

these two combinations, kut casualties were more and graft



union showed pronounced distortion. Attempts to graft sapota

to Mimusops elengi invariably failed. Kulwal et al. (1985)

reported that Calocarpur sapota and Manilkara hexandra could

be successfully used as rootstocks for sapota. Bhuva et al.

(1990) showed that when M. hexandra was used as rootstocks for

sapota, a maximum of 90 per cent survival was obtained with

inarched grafts.

Jack, when pfopagated on the same species and on

Artocarpus hirsuta rootstocks by inarching, the growth on the

latter was poor. The graft union distorted and many of the

grafts died within two years of planting (Kannan and Nair,

1960)

Khén and Rao (1953) studied the effects of wvarious

rootstocks on the vegetative propagation of custard apple

They proved that Annona reticulata could

¥

be more efficiently employed as rootstocks for custard apple

(Annona sguamosa).

than custard apple rootstocks. Eventhough both the rootstocks
gave cent per cent take, the formef showed better .stock and
scion girth, height and -yield. A. muricata and A. palustris
proved to be incompatible rootstocks. Accordihg to Iglesiaz
and Sanchez (1985) A. muricata proved to be the best rootstock
for side grafting and »satch budding of the same scion. The

percentage take was recorded as 47.5 and 82.5 respectively.

Suﬁdararaj and Varadarajan (1956) reported that when
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nutmeg scions were grafted on Myristica malabarica

M. beddomii rootstocks 60 per cent success was obtained.

Flach (1966) and Rasalam .(1978) claimed cent per cent success

in approach grafting on seedlings of cultivated and wild

species of nutmeg. In clove, for vegetative propagation

works, Euginea cordata and Psidium gquajava were found to Dbe

promising rootstocks (Sriram, 1977).

2.2.2 Effect of age of rootstock on success of grafting

2.2.2.1 Epicotyl grafting

Epicotyl grafting was suggested first for the vege-
tative propagation of fruit trees by Verma (1941). He
described it as a novel method of mango graft. Later in many
crops it was recommended as an easy and economic method ‘for
vegetative propagation. Gunjate and Limaye (1977) reported
84 per cent success with immature, four to seven days old
rootstocks in stone Vgrafting of mango under Konkan
conditions. According to bhakal (1979), less than two weeks
o0ld seedlings were more suitable for stone grafting in mango.
He obtained 60 and 50 per cent success on one and two weeks
0ld seedlings respectively. Dengale. (1980) also statéd that
one week old seedlings were the best for stone grafting in
mango which accounted 73.3 per cent success. Singh and

Sreevastava (1981) triei stone grafting using two to ten days
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old seedlings and obtained the highest percentage of success
(85 per cent) with five days old rootstocks followed by four

days old rootstocks (80 per cent). Gunjate et al. (1982)

found that less than two weeks old seedlings with coppery red
colour were the best for stone grafting. He obtained the
highest percentage of success with one week old rootstock
(60 per cent) followed by two weeks old ones (58 per cent).
Desai and Patil (1984) revealed that seven days old seedlings
were the best rootstocks for epicotyl grafting in mango under
green house conditions- which gave 70 per cent success.
Dhungana (1984) standardised the age of rootstocks for
epicotyl grafting in mango under Kerala conditions. He stated
that the highest survival was obtained with five days old
stocks. He also observed that there was a negative
correlation between the age of stocks and survival of grafts.
‘ The survival rate was noted as 61.33, 50.00 and 32.00 per cent
when the age of rootstocks were 5, 10 and 15 days reépectively.
Chakrabarthy and Sadhu (1984) stated that regardless of the
age of the scion, five days old rootstocks gave more success
which decreased with an increase in age. Patil and Patil
(1985) found that initial sprouting in epicotyl grafting . was
more in the case of six days old stocks and seven days
defoliation but height and number of leaves of the plant were
the highest in four days old stock. Devadhas and Pappiah
(1988) found that graf+ing mango on seven days o0ld rootstocks

gave the highest success which was accounted as 75 per cent in
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Bangalora and 40 per cent in Neelum. Gupta et al. (1988) also

found that when the age of rootstock was ten days, the grafts
yielded 50 to 55 per cent success under Jammu conditions.
Among the various methods, splice grafting gave maximum

success followed by side grafting (46 per cent) and veneer

grafting (40 per cent).

In cashew, Bhandary et al. (1974) recommended that

epicotyl grafting could be successfully ddné on 21 days old
cashew seedlings. Harmekar (1980) reported that four to eight
weeks old seedlings were suitable for stone grafting in cashew
Nagabhushanam (1982) suggested the use of 15 days old
rootstocks for stone grafting. Sawke (1983) reported that
about ten days old cashew seedlings were the best for epicotyl
grafting. Shylaja (1984) proved that appafently there was no
difference in the percentage success of stone grafts prepared
from ten days and five days old rcotstocks. According to
Konkar and Das (1985) five to seven days old rootstocks were
the best for epicotyl grafting in cashew. lA modified method
of epicotyl grafting had been standardised by Sheshadri and
Rao (1985) in cashew. They recommended.that instead of normal
beheadiﬁg of the stock plant, if only the top of the plant was

removed retaining two leaves the presence of leaves alone

augmented the percentagz success of the grafts.
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2.2.2.2 Softwood grafting

According to Dassanayake and Perera (1988) there was

more than 90 per cent success in softwood grafting of

mangosteen when 2 to 2% year old mangosteen rootstocks were

used. But the success was only 34 per cent with three to four

years old rootstocks. This showed that the age of rootstock

played the pivotal role in deciding the successful establish-

ment of graft.

Hadangar et al. (1987) stated that for softwood

grafting in kokam, once the rootstock attained a graftable

size (which took about 22 weeks) its age or presence of leaves

did not influence the success of grafting. This mnethod was

found to give a maximum of 90 per cent success.

Prof. R.S. Amin was the first scientist to try

softwood grafting in mango at Anand (Gujarat) with great

success. Amin (1978a) described in situ softwood grafting in

mangc as a new method of propagation. He stated that the
method could be adopted on seedlings of one or more than one
year's age. He obtained cent per cent success in this method.
Patil et al. (1983)Rfounb that seedling at four leaf stage

was the best for softwood grafting in mango. Singh et al.

(1984) reported a mean sSuccess of 70 per cent by softwood

grafting in mango when one year old seedlings were used as



rootstocks. Ghandhoke and Joshi (1987) reported flush
grafting method for mango propagation in which they used 30
to 40 days old rootstocks. Success percentage was reported to

be 90. Reddy and Melanta (1988) observed that in in situ

softwood grafting the highest success was obtained with

seven months old mango rootstock (90 per cent) followed by

eight months old rootstock (80 per cent). Softwood grafting

in container grown plants showed that three months old

rootstocks recorded the highest graft take (58 per cent)
followed by six months old rootstocks (55 per cent). Panicker
and Desai (1989) proved that softwood grafting could be

carried out at any growth flush from the rootstock provided

that it was coppery red in colour.

Konkar and Das (1985) conducted vegetative éropagation
studies on cashew in Orissa and found that 15 to 60 .days old
seedlings could be used as rootstocks for softwood grafting.
Success was achieved only.when the rootstock was green and
succulent with a fresh cycle of growth (Nagabhushanam, 1985).
In cashew, softwood grafting was carried out on one month old,
in situ and container grown plants by Pushpalatha et al.
(1991a). The final percentage of success was assessed as 83.7
in in situ grafting and 85 per cent in palybag grafting.
Pushpalatha et al. (1991b), in another trial, concluded that

for attaining maximum success in softwood grafting, the ideal

age of rootstock should be 28 days.



2.2.2.3 Double grafting

Nagawekar et al. (1984) conducted studies on the

‘various factors affecting survival of mango stone grafts. He

found that instead ofqusing one rootstock, two rootstocks at
epicotyl stage could be employed for a single scion. The

percentage success assessed in this case was 79 while with a

single rootstock it was 56.6 per cent.

Subramanya and Reddy (1989) also reported about double
grafting in.mango. They recommended that when two seedlings
at epicotyl stage (six days  after emergence) was used as

rootstock for a single scion, percentage of survival and

further growth was higher than single rootstock for a single

scion.

2.2.3 Effect of type of scion wood and time of defoliation on

the success of grafting

2.2.3.1 Epicotyl grafting

Bhan et al. (1969) conducted studies on. epicotyl
grafting of mango and recommended that seml matured terminal
shoots should be used as scion. Gunjate and Limaye (i977)
obtained equal success in stone grafting in mango with and
without prior defoliation of scion shoots. Dhakal (1979) found
that scion shoots of more than two months age were the most

suitable for stone grafting in mango while prior defoliation



of scion shoot proved to be of no beneficial effect. Maiti
and Biswas (1980) studied the effect of defoliated and

undefoliated scion shoot on graft take and observed that the

defoliated scion shoots produced higher percentage of

successful grafts than the undefoliated shoots. They also

revealed that three to four monthsold scion material gave 50

to 60 per cent success. Singh and Sreevastava (198l) reported

that defoliation, ten days prior to yrafting, gave the highest
success and the least success was with the scions deféliated
five days prior to grafting. Scion shoots must be more tﬁan
two months old whereas precured or non precured scion shoot
produced no appreciable result accordiﬁg to Gunjate et al.
(1982); Patil et al. (1983) disclosed that the number of days
required for sprouting decreased significantly with the
increase 1in scion defoliaticn period. Minimum days for
sprouting (14.39) were required in the treatment of defoliation
prior tonérafting and maximum days (17.7) were required in
defoliation . five days prior to grafting. Patil et al. (1984)
revealed that among the three defoliation periods tested
(three, five and seven days prior to grafting) the best was
five days defoliation prior to grafting in mango. According

to Dhungana (1984) four moaths old scion defoliated ten days

prior to grafting gave maximum percentage of success in

epicotyl grafting of mango. According to Chakrabarthy and
Sadhu (1984) one month old scion shoots gave the highest

success rates of 53.3 to 55.0 per cent compared with only
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13.3 per cent with six months old scion shoots. Devadhas and

Pappiah (1988) also opined that precured scion shoots were

superior to non precured scion shoots in epicotyl grafting.

Bhandary et al. (1974) found that scions with- and

without defoliation produced almost the same success in
cashew. Nagabhushanam (1982) suggested the use of mature
scion wood with pointed apical dormant bud for successful
epicotyl grafting. Shylaja (1984) conducted studies on
epicotyl grafting in cashew and observed that scion shoots

4

defoliated ten days before grafting gave a maximum success of

82.7 per cent.
2.2.3.2 Softwood grafting

Popenoe (1920) reported that in mangosteen. seven
months o0ld scion could be used in grafting with G. tinctoria
rootstocks to get effective union. Hadangar et al. (1987,
1991) reported that for softwood grafting in kokam, the
terminal greenish-brown twigs of five to six months old, 0.5

to 0.6 cm thick-and 10 tol2anin length could be used.

amin (1978b) reported that cent per cent success was
obtained in in situ softwood grafting in mango by wedyge method
and the scion defoliated ten days prior to grafting operation.
singh et al. (1984) obtained a mean success of 70 per cent by

softwood grafting in mango using four to five months old scion



shoots. Reddy (1987) showed that scions pre-conditioned for
ten days gave the maximum success of graft followed by scions
pre-conditioned for five days and zero days. Panicker and
Desai (1989) obtained scion sprouting and survival after three
months of grafting as 72 per cent and 70 per cent rgspectively
when mango scions were taken from 25 years old mother tree.
(1989) recommended 2 to 3 cm long cut on

Sreevastava et al.

the scion stick for effective graft union in softwood grafting

in mango.

pushpalatha et al. (1991 b) concluded that for

attaining maximum success in softwood grafting, seven days

precuring of the scions before grafting was necessary. The

ideal length of scion was between 10 and 12.5 cm.

2.2.3.3 Double grafting.

Nagawekar et al. (1984) disclosed that there was no
significant differenéé between .terminal or subterminal
position of the scion shoot to be used in double grafting.
The survival (60.6 per cent to 63.0 per cent) and subsequent

growth were very similar in both the cases.

2.2.4 Effect of seasor. onn the success of grafting

2.2.4.1 Epicotyl grafting

According to Maiti and Biswas (1980) .when epicotyl

grafting was done in mangc during June-July with three to four
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months old defoliated scion shoots, the percentage of succéss
varied from 50 to 96 per cent. Dengale (1980) and Gunjate
et al. (1982) recommended the period from June to September to
pe the best time for epicotyl grafting in mango under Kbﬁkan
conditions. According to Chakrabérthy and Sandhu (1984)
grafting success was mbre or less uniform in June, July and
August when epicotyl grafting was done in mango. Desai and
Patil (1984) found thaf when stone grafting was done at 15
days interval between lst July to 15th September, grafting
done on 1lst July gave the highest success (70 per cent). The
percentage survival of stone grafts made in June and July was
the highest. A study by Dhungana (1984) revealed that the
percentage of success was the'highest (69.33 per cent) when
stone grafting in mango was- done during August and was the
lowest during May (20.6 per cent) in Kerala. Sreevastava
(1985) suggested that stone grafting should be done during the
last week of June in order to get a high percentage success of

95 when the mean temperature and humidity were 33.5°C and 88

per cent respectively. Gupta et al. (1988) showed that stone

grafting carried out from mid August to mid September on ten
days old rootstocks gave 50 to 55 per cent success. Devadhas
and Pappiah (1988) also found that the percentage success was

higher when epicotyl grafiing was performed during August to

November in'mango.

Under Konkan conditions Harmekar (1980) conducted

epicotyl grafting in cashew and found that the highest



success was obtained during June followed by March and April
and the rainy season appeared to be unsuitable. Nagabhushanam
(1982) reported a ﬁaximumbsuccess of 30 per cent during the
month of July. Nagabhushanam and Mohan (1982) also obtained a

success of 30 per cent in stone grafting in July followed by

stone grafting in August. The success gradually declined from

15 per cent in September to 5 per cent in November. They

observed that high humidity and heavy precipitation which
occurred during June, July and August months had a beneficial
efféct on the success of epic&tyl grafting in cashew.
According to Sawke (1983), February to May is the optimum
period for epicotyl grafting in cashew under Konkan conditions
and .there was no success during monsoon. Séwke (1984)
observed that the period from February to May was congenial
for grafting of cashew in which success ranged from 66 to 74
per cent. Konkar and‘Das (1985) reported a success of 65 to
80 per cent during April to July and 73 to 100 per cent during
October to February. According to Jose (1989)‘June was the
best month for conducting epicotyl grafting in Jjack under

Kerala conditions.

2.2.4.2 Softwood graftliing

In kokam, Handangar et al. (1987) proved that October

'grafting exhibited maximum survival (86 per cent) and was on

par with the success in June. .Amin (1978a) from Anand,

recommended in situ softwood grafting in mango to be successful



during March to September. Singh and Sreevastava (1980)
reported that the best results in mango softwood grafting
(84 per cent) was obtained during July. Patel and 2Amin (1981)
pointed out that grafting between the third weeﬁ of May and
the third week of August resulted in 95 to 100 per cent take.
Success ranged from 85 to 97 per cent between February and May
but after third week in September it decreased considerably.
Singh and Sreevastava (1982) worked out various factors
influencing softwood grafting in mango and emphasized the
effect of season on the success of grafts. They reported that
August was the best time for softwood grafting (90 per cent
success) followed by September (70 per cent success).
According to Singh et al. (1984) grafting in June gave the
best results with 100 per cent success. Sreevastava (1985)
also confirmed this finding. Tayde et al. (1988), in their
studies under Akola conditions, obtained 70 to "100 per cent

success in softwood grafting in mango when conducted during

July to September.

Sawke et al. '(1985), in a three years trial in
softwood grafting of cashew, obserQed that the highest mean
success was obtained in August (83.66 per cent) and April (83
per cent) and the lowest (22.23 per cent) in December. Kumar
and Khan (1988) tried ;ﬁ situ softwood grafting in cashew and
the success percentage was reported to be 40'during March, 50

during April and 70 during May. Swamy et al. (1990) found



that the success in softwood grafting in cashew was positively
correlated with monthly minimum temperature, monthly mean
relative humidity and number of rainy days per month. Monsoon

season was found to be the best period for commercial

multiplication as the percentage success was guite high (above

60 per cent) during this period as compared toO the other
" months. The investigation made by Sarada et al. (1991)

revealed that August, September and January months were

suitable for softwood grafting in cashew.

2.2.4.3 Double grafting

According to Subramanya and Reday (1989) the ideal
period for double grafting in mango' was July and first

fortnight of August under Bangalore conditions.
2.2.5 Effect of growth regulators on the success of grafting

Kannan and Rao (1964) proved that ‘GA at 1000 ' ppm
concentration at the time of approach grafting as well as pre-
treatment of stock and scion resulted in earlier separation of
grafts (45 days) as c?mpared to control (75 days) in mango.
There was good callus formation after 15 days of the treatment.
Narwadkar and Anserwadekar (1985) found that in epicotyl
grafting of mango, when scions were treated with IAA and GA
prior to grafting only IAA was found to be favourable on graft

take. They concluded that among the different concentration
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of IAA viz., 20, 500, 750 and 1000 ppm, ultimate success of
graft increased linearly upto 750 ppm and slightly decreased
at 1000 ppm. There was an increase in the number of leaves

and total leaf area per plant. Ratan et al. (1987) reported

that in mango epicotyl grafting, when scion materials were

treated with IAA or GA at 100 or 250 ppm and grafted on
rootstocks of &ifferent heights, the highest sprouting and
survival was obtained with 8 cm long scions treated wifh IAA
100 ppm and grafted on 6 to 8 cm high rootstocks. Devadhas
and Pappiah (1988) supported these findings. They revealed
that in epicotyl grafting of mango, nutritional and auxin
status was greater in the compatible rootstock - scion
combination compared to the incompatible ones. Sréévastava
et al. (1989) found that in mango grafting the effect of plant
growth regulators was negligible. Subramanya and Reddy (1989),
while investigating the effect of various chémicals in double
grafting of mango, revealed that the treatment of scions with
chemicals and growth regulator solutions augmented the graft
take. ﬁathad et al. (1991) concluded that the growth
regulators viz., GA and kinetin had an adverse effect on graft
take. They revealed thnat the-untreated grafts recorded the
highest percentage of success (87.5 ) compared to treated
ones. The treatment, GA in combination with kinetin showed

adverse effect on the initiation of new growth, girth, number

of leaves and leaf area.
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Sheshadri and Rao (1986) compared - the effects of NAA

as pre-treating chemical for scion on the success of softwood

grafting in cashew. It was found that rootstock mortality was
the highest (100 per cent) when 60 days old seedlings were

grafted with untreated scions.

Subrbnto and Hutomo (1987) made a comparative
evaluation of application of growth regulators on cocoa bud
grafting and revealed that the growth regulators viz., GA, IBA
did not' have any significant effect on the scion bud
length,-number of leaves and bud diameter but it had a highly

significant positive effect on the percentage of bud burst

especially IBA at 100 ppm.
2.2.6 Anatomical studies of graft union

Juliano (1941), in his studies about the <callus
development at the point of graft union of cleft grafts,
revealed that the first step was the formation of callus in
the gap through thg‘activity of parenchyma of both bark and
pith. A cambial bridge formed in that region joined the
cambial ends of both stock and scion. Initiation of callus
tissue bhegan from the stock but the total contribution of
callus by stock and scion was almost equal. Accordingl to
Buchloh (1960) +the licnification of cells were mainly

responsible for the formation of strong graft union in pear-

quince grafts.



Wilson and Wilson (1961) opined that when young stems
Qere wounded or grafted the cambium was interrupted and new
vascular cambia tend t$ regenerate in the callus proliferating
from the wounded surfaces. The amount of callus formation
climatic

varied among varieties and was influenced by

conditions during the previous growing season.

Shimoya et al. (1970) conducted anatomical studies of
mango wedge grafts and reported the presence of fungal

mycelium at the graft union which appeared to facilitate graft

union.

According to Esau (1972) secondary growth and. cambial
activity were involved 1in proper graft union. Breakdown
products of dead cells formed a necrotic layer on the surface
of stock and scion, the callus tissue filled the space between
stock and scion and later differentiated to cambial cells and
then to vascular tissues. Hartmann (1974) also supported
these views. Fahn (1982) opined that the important function
of the cambium was to form callus in the wound portion. He
also stated that the union of stock and scion was not only
through cambia but throuch wood rayé which proliferated and

took part in the graft anion.

2.2.6.1 Anatomical stages of graft union

Many scientists have worked out the anatomical stages

of graft union in various crops.



32

Chakrabarthy.and Sadhu (1985) worked out the different

stages in epicdtyl gréfts of mango. According to them the

stages in the graft union were, (1) callusing stage - 10 to 30

days after grafting when live cells form a mass of callus

tissues, (2) callus bridge stage - 30 to 60 days after
grafting when cambial sontinuity between rootstock and scion
was established, (3) healed union stage - 60 .to iZO days after
gréfting when vascular . tissues were differentiated and

complete union between stock and scion took place.

According to Ahmed (1966) in inarching experiments of

guava stock-scion union was peripheral after 45 days., but

complete after 75 days.

calkina (1979) investigated the different stages in
the bench grafts of apple. The successive stages of graft
union microscopically exahined, were ‘(l) union of callus of
both components, (2) callus.cell differentiation and formation
of new secondary cambium and (3) appearance of conducting

L

tissues followed by complete union.

2.2.6.2 BAnatomical reasons for graft failure or graft

incompatibility

According to Robert (1949) the important factors
- j B
determining the graft take was not the nature of the union,

but the genetically deternmined incompatibility which resulted
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in the interaction between stock and 'scion. Auramov and
Jokovic (1961) and ciz (1969) opined that incompatibility
could bé diagnosed through anatomical studies after, two to
three months 6f grafting. According to Makhmet et al. (1980},
the most common reason for graft incompatibiiity on woody
plants were physiological, anatomical and chemical. Studies
were conducted with grafts‘bétween 22 species of rootstocks
and 2§ species of scions which inciuded fruits,; nuts and
ornamental plants. The results indicated that it might be
possible to use an anatomical method for diagnoéing compati-
bility between the gyraft components when new, untried

rootstocks and scions were introduced into cultivation.

Luthra and Sharma (1964) showed éhat excessive growth
of parenchymatous t;ssues between stock and scion and
distortion of xylem elements blocked the cenducting vessels
and inhibited the movement of water from stock to scion in
mango' grafts. According to Hartmann (1974) whenever an
abnormal positioning of cambium of stock and scion occurred, a
proper union did not take place. He also stated that the main
causes of poor results of .he grafting operation were
incomplete callus formation at the graft union and improper
cultural methods. Sinsor (1982) revealed that in incomplete
stock-scion combinations of-aéple, the xylem ‘and phloem within

the graft union were greatly reduced. Breakage and/or failure

within the graft union cof certain stock-scion combinations was
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associated with abnormal ray develophent. Skene et al. (1983)
suggested that infilling of callus and improper development of
cambium in between the stock and scion was one of the reasons
for graft failure in certain -apple varieties viz., Cox's
Orange Pippin. Jose (1989) attributed excessive callus growth

at the graft union to one of the reasons for graft failure in

jack. -



Materials and Methods
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MATERTALS AND METHODS

Garcinia camboyia, known in vernacular as Kodumpulfd,

is a seed propagated fruit crop. The wide variation due to

seed propagation and dioecious nature of the trees set back

its cultivation. Practically, very little work has been done
to .stanéardise the vegetative propagation methods in this
crop. Hence the presént study was undertaken to standardise
the vegetative propagation methods. The study was conducted
in the Department of Pomology' and Floriculture, College of
Horticulture, Vellanikkara, Trichur, Xerala from February,
1990 to July, 1992. Trichur is under high rainfall tropical
region having warm humid climate throughout the year with less
fluctuations in daily temperature (Appendix I). The altitude

of the place is 22.25 m above main sea level at 10° 32' N

latitude and 76° 16' E longitude.

The details of the -investigation are given in this

chapter.

The various phases of the investigation were the

following:

(i) To study the effect of seed coat and gibberellic acid on

germination of K:dumouli (G. cambogia) seeds.

(ii, To standardise -—hz type and age of rootstocks for

epicotyl, softwood and double grafting.



35

(.ii) To study the effect of the type and age of scion wood on

the success of grafting.

(iv) To study the effect of seascn on the success of

grafting.

(v) To study the effect of growth regulators on the

success of grafting.

(vi) To study the anatomy of graft union.

3.1 Effect of seed coat and gibberellic acid on germination

of G. cambogia seeds

Seeds were collected from different parts of the
district. 1In order to conduct germination test, viable seeds
were selected by floating method. Germination test was
conducted using seeds with and without the seed coat. The
selected seeds were subjected to various growth regulator
£reatments. The growt: regulator used in this study was GA
(gibberellic acid) at 00, 300 and 500 ppm concentration with
6 h, 12 h, 18 h and 24 h as soaking periods. After soaking,
the seeds were sown in the raised nursery beds. Twenty five‘

seeds were kept under each treatment. The details of the

treatments are given below:
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ppm
pPpm

ppi
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M2 T4 C3 without seed cocat - 24 h soaking - 500 ppm GA

Control - 2 without seed cocat -~ no GA treatment

Total number of treatments : 26

Experimental design : Factorial CRD

3.1.1 Observations

Time taken for maximum germination and germination
count at weekly intervals were recorded upto 8 weeks after the
beginning of germination. The concordant values for

germination percentage recorded at successive weeks were

considered as the maximum percentage of germination.

3.2 Standardisation of the type and .age of rocotstocks for

epicotyl, softwood and double grafting

Two species of the family Guttiferae, viz., Garcinia

cambogia (Kodumpuld) and Garcinia tinctoria (Rajapufdi) were
used as rootstocks. In the case where Rajapuli seedlings were
used as rootstocks, fhe age'groups selected were 10, 15 and
20 days for épicotyl grafting and two, three and fbur months
for softwood grafting. Kodumpull{ seedlings did not attain
éufficient height and jirth at these age groups and epicotyl
grafting Qas not done using this rootstock. Softwood grafting
was done using 18 mon:hs old Kodumpufi seedlings. In double

grafting each scion stick was grafted on two rootstocks. The

details of combinations of rootstocks used are depicted in

3.2.5.



3.2.1 Raising of seedlings for rootstocks

Seeds of G. cambogia and G. tinctoria were sown 1in
polythene bags filled with F¥YM, sand and soil in the ratio of

1:1:1. The polythene bags were placed under shade and watered

regularly.

3.2.2 Selection and preparation of scion sticks

Healthy, disease free, 6 to 8 cm long, about nine
months old brown wood with a portion of green wood of new
flush having an apical plumpy bud, from selected mother trees

were used for epicotyl, softwcod and double grafting.

3.2.3 Methods of grafting

3.2.3.1 Epicotyl grafting

The rootstocks were decapitated 5 to 6 cm above the

soil level. A vertical slit of about 2 to 3 cm was given at

the centre of the epicotyl.- The lower portion of the selected

scion was prepared to form a wedge at the base by giving two
slanting cuts on opposite sides. The wedgelshaped scion was
inserted in the vertical slit of the epicotyl. The grafted
portion was wrapped tightly with a polythene tape soO that a

close contact between the two components was ensured (Plates#

to 8).



Plate 5 A rootstock of Garcinia tinctoria
\

Plate 6 Vertical slit made on the decapitated stock






Plate 7 The sciocn inserted'in the vertical slit on the stock

Plate 8 The graft joint after securing with a polythene tape
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3.2.3.2 sSoftwood grafting

Wedge method of grafting was followed for softwood
grafting also. Grafting was done 12 to 15 c¢m above the soil

level. If possible, a pair of leaves were retained on the

rootstock:

3.2.3.3 Double grafting

Each double graft was made on two rootstocks. 'For
double grafting, two seedlings were gdrown in the same
polyﬁhene bag. After decapitating both the seedlings at a
height of aboﬁt 5 to 7 cm from the ground level, a slanting
cut was made on the inner side of each of the stock so that a
wedge shaped cut was obtained when the two stocks were brought
together. The prepared scion as in the case of the other two

methods was inserted between these cuts. Two rootstocks and

scion were then tied togather with a polythene tape (Fig.l).

3.2.4 After care of the grafts

The grafts were kept in a mist chamber providing
intermittent mist. The sprouts produced from the rootstocks

were removed periodically and the grafts were watered
1

regularly. Bordeaux mixture 1 per cent and Ekalux 2 ml 1~

were sprayed in every fortnight.



—
Fig.l Different steps in double grafting
I. Rootstocks ready for II. Decapitated rootstock
double grafting.
Wedge shaped cut made in
betwaeen the rootstocks
IV. Insertion of the scicn in ST 3

I —

V. The ygraft joint after securinJ

the wed¢e shaped cut )
with a polythene tape
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M3A1Rl
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1.

Epicotyl
Epicotyl
Epicotyl

Softwooed

Treatment details

grafting
grafting
grafting

grafting

Softwood
Softwood

Softwood

Double
Double
Do;ble
Double

Double

Double

Double

grafting
lgrafting
grafting
grafting
grgfting

grafting

grafting

grafting
grafting

grafting

10

15

20

18

10

15

20

12

10
12

15
12

20
12

days old
days old

days old

months old
months old
rmonths old

months old

days old

days old

days old

months old

Rajapuld

Rajapuli

Rajapuli .

Rajapuli
Rajapull
Rajapuld

Kodumpul i
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Two seedlings

of Rajapuldi

Two seedlings

of Rajapufi

Two seedlings

of Rajapufi

Two seedlings

of Kodumpuli

days old Rajapuli and
months old Kodumpufi

days old Rajapufi and
months old Kedumpulfi

days old Rajapufi{ and
months o0ld Kodumpuldl

Total number of tieatments s 14

Experimental design

: CRD
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3.2.6 Observations

3.2.6.1 Percentage of initial and final success

The scions that remained green whether sprouted or
unsprouted, 30 days and 60 days after grafting were counted
for calculating the percentage of initial success. Scions

which survived after 90 days were noted for calculating the

percentage of final success.
3.2.6.2 Extension growth of the scion

13 ] ! -
The extension growth of scion was measured 1n

centimetres from the graft union at fortnightly intervals.

3.2.6.3 Girth of the scion

The girth of the scion was measured in centimetres at

a fixed point at one centimetre above the graft union at

fortnightly intervals.

3.2.6.4 KNumber of leaves of the sciocon

The number of leaves developed on the scion was

recorded at fortnightly intexrvals.
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3.3 Effect of type and age of the scion wood on the success

of grafting

For this experiment, three types of scion wood were

used. Sixty grafts were made under each treatment. The
treatments were the following.
Tl - New flush with a plumpy'apical bud (completely
green in colour and three months old).
T2 - Ppast season shoot with no new sprout (brown in
colour and six months old).
T3 - Ppast season shoot with a new sprout and a

plumpy apical bud (basally brown, green at the

top and nine months old).

Total number of treatments : 3

Softwood grafting was done on 18 months old G. cambogia
seedlings with the types of scion materials mentioned above.
Observations were taken on the extension, girth and number of

leaves of the scion, at fortnightly intervals.

3.4 Effect of season on the success of grafting

Softwood grafting was done in May. June, July, October,
November and December months on 18 months old G. cambogia

seedlings. Hundred grafits were made under each treatment and

the grafted plants were maintained in a mist chamber.
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Treatments
T, - May grafting
T, - June grafting
Ty - July grafting
T, = October grafting
T5 - November grafting
Te -~ December grafting

Observations on the number of grafts remained green

after 30, 60 and 90 days of grafting were recorded.
3.5 Effect of growth regulators on the success of grafting

The grafted plants were sprayéd with GA and IBA each

at 100, 250 and 500 ppm concentration, immediately after
grafting. The same growth regulators each at 500, 750 and

1000 ppm concentration were used for dipping the detached
scion wood. Base of the prepared scion sticks were dipped in

these solutions for one minute and softwood grafting was

performed on 18 months old G. cambogia seedlings. Sixty

grafts were made under each- treatment. The details of the

treatments are given below.

T - GA 500 ppm
T - Ga 750 pom
- GA 1000 porm



T4 - 1IBA 500 ppm
T, =~ IBA 750 ppm
T6 -~ IBA 1000 ppm
T, - control (no dipping)

Total number of treatments : 7

Experimental design : CRD

Observations were taken as in the experiment cited in

3.3.
3.6 Anatomical studies of graft union

Samples for anatomical studies were collected from the

grafts made using the following rootstocks.

1. Epicotyl grafting on G. tinctoria
2. Softwood grafting on G. tinctoria

3. Softwood drafting on G. cambogia

4. Double grafting on two seedlings of G. tinctoria
5. Double grafting on G. tinctoria and G. cambogia

6. Double grafting on two seedlings of G. cambogia
Samples were collected as per the procedure given

below.

Representative samples after collection were processed

as follows.
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3.6.1 Processing

FAR (850 ml of 70 per cent alcohol + 100 ml of 40 per
cent formaldehyde + 50 ml of glacial acetic acid) solution was
used for fixing and preservation of sampleé. Specimens were
kept in FAA solution fo; a minimum period of 72 h and then
transferred and stored in 70 per cent alcohol until the
sections were made. Before ~ sectioning, the samples were
removed from alcohol usirc sterilized forceps and washed in
running water for 30 minites and later with glass distilled
water. Uniform thin section of 30 pm (micron)  thickness was
taken using "Reichert sliding" microtome as per standard
microtomy suggested for hardwoods (Cutler, 1978). For

cleaning and staining the sections, the schedule sugyested by

Johanson (1940) which is cutlined below was followed.

Sections were sericilv passed through,

70 per cent alcoholic safranin (5 to 10 minutes),
80 per cent alcohol (2 minutes),

90 per cent alcohol (2 minutes),

95 per cent alcohol (1 mirute),

absolute alcohol {1 minute),

pure xylene (1l minute)

and mounted on slides with DPX mountant.
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3.6.2 Microscopic examination

The slides were examined carefully through Carl Zeiss
binocular research microscope fitted with the objective of

magnification ranging from 3.2x to 100 x and 10 x eyepiece.

3.6.3 Pﬁotomicroscopy

Photomicrographs of selected specimens were taken
using a photomicrography system (Leitz Dialux 20 EB. Germany)

and ORWO film of 100 ASA.

3.7 Statistical analysis

The observations on number - of days taken for
germination :and germination percentage .under different
treatments and the effect of treatments on the qualitative
characters like, extension growth, girth and number of leaves
of the scion were statiscically analysed using the analysis of

variance technique laid out in complétely randomised design

(Snedecor and Cochran, 1967).

The differences among the treatments with regard to
the number of sprouted graffs and survival of grafts were

tested using the chi-s:uare statistic (Panse and Sukhatme,

1968).
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Two sample case student's t-test (Snedecor and
cochran, 1967) was used to analyse the effect of types of
rootstock and scionwocd on height and girth of the scion and the

number of leaves produced on the scion.

The differences among the treatments with fegard to

the extension growth of scion was analysed as a non-orthogonal

data. The analysis of the number of leaves produced at

fortnightly interval was done using Friedman two way analysis

of variance described by Siegal (1979).



}ée.d ults
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RESULTS

The results of the experiments described in Chapter 'I1

are given in the following order.

4.1 Effect of seed coat and GA on germination of Garcinia

L]

cambogia seeds .
I

The data on the effect of seed coat and GA on seed

germination of G. cambogia seeds are given in Tables 1 to 9

and analysis of variance in Appendix II.

4.1.1 Effect of seed coat and GA on time taken for germination

and percentage of germination

The data on time téken for 50 per cent germination,
maximum germinatiqgn and the final percentage of germination
under different treatments are presented in Table 1. 1In grder
_to compare the treatments based on the maximum percentage of
germination after eight weeks from the Dbeginning of

germination, chi-square test was performed.

The seeds without seed coat (M2) recorded faster
germination compared to zhe seeds with seed coat. Seeds with
seed coat and without seed coat started germination 29 weeks
and one week respectively, after sowing. In.gene;al, seeds
without seed coat treated with GA récorded 50 per cenf

germination after two weeks of sowing, except the control



Table 1. Effect of seed coat and GA on time taken for germination and percentage of

germination
. Number of weeks taken Number of weeks taken Maximum percentage of
Treatments for 50 per cent for maximum germination after 8 weeks
germination germination from the beoginning of
germination
RN 35 . ' 36 61.333%
MG, 34 36 60.000%
B TiC, 34 36 70.6672P
¥ T,C; 34 o3 65.3332
M TC, 32 36 - 73.3332P
My T,Cy - 31 36 84.000%P
M T,C) 34 36 61.333%
M T4C, 31 36 82.6672P
M T C, 32 36 . 76.000°
M,T,C, 32 36 77.3332V
M T,C, 34 35 60.000%
M T,y 33 36  69.333%°
Control-l 36 36 48.0007
M,T,Cy 2 5 84.0003
M,T,C, 2 4 84.000%"
M T,Cq 2 5 78.6672°
M,ToC) 2 5 85.3333P
L 2 4 85.333%P
M,T,Cy 1 5 90.667°
M,TC) 2 5 ' 88.000°
M, T5C, 1 3 . 80.0003P
M,T,C, 1 5 93,3330
M,T,C, 2 5 89.333°
MT,C, 2 5 80.0002P
M,T,Cy 2 5 81.3333P
Control-2 2 5 74.6672P
Ml - with seed coat; M2 - without seed coat; T1 - 6 hlsoaking; 'I'2 = 12 h soaking;
TB ~ 18 h socaking; T, - 24 h soakiny; Cl ~ 200 ppm GA; C2 - 300 ppm GA;
C3 - 500 ppm GA
Control-l - with seed coat - no GA - no soaking
Control~2 - without seed coat - no GA - no soaking

2 .
X - analysis was done



which took about four weeks for the same. The treatments,
M2T2C3 {(without geed coat - 12 h soaking - 500 ppm. GA),
M2T3C2 (without seed coat — 18 h soaking - 300 ppm GA) and
M2T3C3 (without seed coat - 18 h soaking - 500 ppm GA)

registered the shortest period of one week for attaining 50
per cent germination. All the seeds with seed qoat (Ml)
required more than 30 weeks for ﬁttaining 50 per cent
germination. Within Ml' the treatments, ‘MlTZC3 (with seed
coat - 12 h soaking - 500 ppm GA) and M1T3C2.(with seed coat -
18 h soaking - 300 ppm GA) recorded the sﬁortest time span of
31 weeks for attaining 50 per cent gerﬁinati&n while the

control treatment took the longest time (36 weeks) .

When the time reguired for maximum germination was
studiéd, within My, M2T3C2 recorded the shortest period of
three weeks and M2T2C2 and M2TlC2 required a period of foﬁr
weeks from the beginning of germination. All other treatments
within M, required five weeks to attain maximum germination-.
Within My a;l the treatments, except M1T4C2, required 36

weeks for attaining maximum germination while M1T4C2 required

only 35 weeks.

When the final germination percentage after eight
weeks from the beginning of germination was considered, seeds
without seed coat recorded higher values compared to seeds

with seed coat. The fxna. germination percentage of seeds



with seed coat ranged from 48.00 to 84.00 per cent while that
of seeds without seed coat ;anged from 74.667 to 93.333 per
" cent. Among the seeds without seed coat, M2T3C3 recorded the
highest percentage of germination (93.333) followed Dby M2T2C3
(90.667). The minimum percenéage of final germination within

M. (74.667) was noticed in the control treatment. Within Ml’

2
the highest percentage of germination was 84.00 in M1T2C3

closely followed by 82.667 in M TSC,. Similar to M,, in M,

also, the minimum percentage of germination was noticedin the

case of control treatment (48.00).

4.1.2 Main effect of seed coat on percentage ‘of seed

germination

Data on the main effect of seed coat on seed

germination are presented in Table 2. It could be observed

that the removal of seed coat influenced the germination

percentage significantly. Throughout the period of study,

seeds without seed coat recorded higher values for germination
compared to seeds with seed coat. The final germination

percentage after the eighth week was 70.111 and 85.00

respectively for seeds with and without seed coat.

4.1.3 Effect of GA on percentage of seed germination

4.1.3.1 Main effect of different periods of soaking

The study on the main effect of soaking on seed



Table 2. Main effect of seed coat on seed germination at weekly intervals

TEEAEMENES oD MUY Antervals
1 2 3 4 5 7 8

My 26.889%  38.222%  46.2782  47.5002 57.500%  62.556®  70.111%  70.1173

M, 42.556°  60.611°  79.000P 82.333°  85.000°  ae apnb, gs.c00P 5o 956k

CD{G.05) Z.720% 3.016% 4.552% 4.098% 4.9]15%* 5.299% 5.071% 5.071%*

Ml - with seed coat - without seed coat

* - Significant at 5 per cent level



germination (Table 3) showed that there was significant

difference among the soaking periods (6 h, 12 h, 18 h and 24 h)

with respect to the percentage of seed gérmination, throughout

the period of study. In the first week, all the treatments

were on par, but were significantly superior to the control

(18.00 per cent). From the second week to the end of eighth
week, T, (12 h soaking) gave the highest percentage of
germination as 53.667, 67.778, 68.444, 75.333, 76.889, 80.667
and 80.667 respectively. During all these weeks, the contrél

recorded the lowest values for germination percentage which

were computed as 28.667, 38.667, 48.667, 57.334, 59.334,

61.334 and 61.334 respectively.

4.1.3.2 Main effect of different concentrations of GA

The data presented in Table 4 showed that there was
significant difference in seed germination between different

concentrationsof GA and the control, in all the weeks studied.

The concentrations of GA (200 ppm , 300 ppm and 500 ppm) were
proved to be on par, except in the 2nd, 3rd and 4th weeks, as
lfar as the seed germination was concerned. In these weeks, C3
(500 ppm GA) was signif;cantyy superior to other treatments

and yielded 55.667 per cent, 65.917 per cent and 68.250 per

cent germination respectavely. In all the weeks from lst to

8th, the control recorded the least values for germination

percéntage (18.00, 28.6t7, 38.667, 48.667, 57.334, 59.334, "

61.334 and 61.334 respectively).



Table 3. Main effect of different soaking periods on seed germination at weekly intervals

Germination percentage at weekly intervals

Treatments oo .
1 2 3 4 5 6 78

T, 294447 42.222° 55,778  58.000° 65.111° 67.100° 73.111P  73.111P

T, 38.667°  53.667C  §7.778C 68.444°  75.333°  76.889° 80.667 80.667C

T, 38.778°  53.556°  66.778°  67.667C  73.222°  76.667° 80.222°  80.222°
T, 32.000°  46.222%% 60.222°  65.550°  71.3335¢ 74.444PC 76.222°¢  76.222°C
Control 17.999%  28.667%  38.667% 48.667% 57.3342 59.334%  61.334% . 61.334°
CD (0.05) 9-797*  6.304%  6.047*  5.796%  7.000%  7.494%  7.180% 7.180%

Tl = 6 h soaking; 2 — 12 h soaking; T3 - 18 h soaking; T4 - 24 h soaking

Control - No soaking

* Significant at 5 per cent level

&



_Table 4.

Main effect of different concentrations of GA on seed germination at weekly
intervals

Germination percentage at weekly intervals

Treatments @ secee e e i
1 2 3 4 5 6 7 8
¢, 31.000°  45.833°  60.500° 62.500° 69.500° 71.667° 76.500°  76.500°
c, 33.750°  46.750°  61.250°° 64.000°° 70.833°  73.000° 76.667°  76.667°
c, 39.417° 55,667 65.917°  68.250C  73.417°  76.667°  80.000°  80.000Y
Control 17.999%  28.667%  38.667°  48.667%  57.334%  50.334%  61.334%  61.334%
CD (0.05) 12.441%  7.904*  5.344%  5.019%  6.020*  6.490%  6.210%  6.210%
Cl - GA 200 ppm; - GA 300 ppm; Cy - GA 500 ppm; Control - No GA

* Siynificant at 5 per cent level
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4.1.4 Interaction effect of various factors on percentage of

seed germination

4.1.4.1. Interaction effect of seed coat and different

periods of soaking

It is evident from Table 5 that the combined effect of
seed coat and period of soaking was_significant only in the
fourth.and fifth weeks of germination. In both the weeks,
M,T, (without seed coat - 12 h socaking) and M,T, (without seed
coat - 18 h soaking) recorded the highest percentage of
gerﬁination while M T, (with seed coat - 6 h soaking) recorded
the lowest percentage of germination. The highest and lowest
germination percentage in the fourth week were  84.889 and
35.111 respectively while those in the fifth week were 87.111

and 48.00 respectively.

4.1.4.2 Interaction effect .of seed coat and different

concentrations of GA

The interaction effect of seed coat and different
concentrations ofIGA was sigrnificant only in 3rd, 4th and 5th
weeks (Table 6). In tlese weeks, the highest germination
percentage of 80.00, 84.0) and 87.667 respectively were
noticed in M,Cy (without seed coat - 200 ppm GA). The lowest
values in these three wecks were 41.00,- 41.00 ana 52,333

respectively in M,Cy (with szed coat - 200 ppm GA).



Table 5. Interaction effect of seed coat and different periods of soaking on seed

germination at weekly intervals

Germination percentage at weekly intervals

Treatments = e e e e e
1 2 3 4 5 6 7 8
My T, 19.556  23.889  35.111  35.111%  48.000% 52.000  64.000  64.000
M T, 33.333  43.556  52.000  52.000° 63.556° 66.667  74.222  74.222
M, T, 29.778  42.222  50.444  50.444P 59.333P  66.222 - 73.332  72.332
W, 24.889 32,222  47.556  52.444° 59.111°  65.333  68.889  68.889
M, T, 39.333  55.555 " 76.444  80.889°  82.222° 82.222  82.222  82.222
M,T, 44.000  63.778  83.556  84.889° 87.111°¢ 87.111  87.111  87.111
M, T, 47.778  64.889 _ 83.111  84.889° 87.111C  87.111 §7.111  87.111
M,T, 39.111  58.222  72.889  78.667° 86.556° 83.556  83.556 83.556
CD (0.05) NS NS - NS 8.150% 9.781* NS NS NS
Ml ~  with seed coat; Tl - 6 h soaking; T3 - 18 h soaking;
M2 - wiihout seed coat; T2 - 12 h soaking; T4 - 24 h éoaking

* Significant at 5 per cent level



Table 6. Interaction effect of seed coat and different éoncentrations

of GA on seed
germination at weekly intervals

Treatments ~ _________ IO T DL TNTRTA9S ot week'y intervals
1 2 3 4 5 6 7 8
M,Cy 23.667 34.000 41.000%  41.000% 52.333%  56.667 66.333 66.333
MiC, 25.000 34.333 45.667°°  48.000%P .59.333%  63.667 69.000 69.000
M, C 32.000  46.333  52.167° 53.500°  60.8333% 67.333  75.000 75 .100
M,Cy 38.333 57.667 80.000°  84.000° 86.667° 86.667  86.667 36.667
M,C,, 42.500 59.167 76.834%  80.000°  82.334°  82.334 82.334 82.334
M,Cy ' 46.833 65.000 79.667°  83.000°  86.000° 86.000 86.000 86.000
CD (0.05) NS NS 7.557* 7.090% 8.514% NS NS NS
My - with seed coat; Cl - 200 ppm GA; C3 - 500 ppm GA;
M, - without seed coat; C2. - 300 ppm GA

© * Significant at 5§ per cent level
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4.1.4.3 Interaction effect of different periods of soaking

and concentrations of GA

Data on the combined effect of different periods of
soaking and concentrations of GA on seed germination are
compiled in Table 7. It was evident that the interaction
effect was significant in 2nd, 3rd, 4th and 5th weeks. In

2nd and 5th weeks, T,Cq (12 h soaking - 500 ppm GA) recorded

the maximum germination percentage of ©66.667 and 81.333

respectively while in the 3rd and 4th weeks T3C3 (18 h soaking
500 ppm GA) recorded the highest germination percentage

(76.667). The lowest germination in the 3rd, 4th and 5th

weeks was recorded in Tlcl (6 h soaking =~ 200 ppm GA) as

51.333, 56.00 and 63.333 per cent respectively. In the 2nd

_ week, the lowest germination of 37.333 per cent was noticed in

C. (6 h soaking = 300 ppm GA).

- TG,

4.1.4.4 Interaction effect of seed coat, different

concentrations and soaking periods of GA

The data given in Table 8 indicated that the

interaction effect was significant only in the lst week. 1In

this week, the highest germination percentage was computed as
53.333 in M2T2C3 (without. se=d coat - 12 h soaking - 500 ppm
GA) and M,T,Cg (without seed coat - 18 h soaking - 500 ppm GA).

The lowest germination percentage of 12.00 was noticed in

MlTlC2 (with seed coat - b h soaking - 300 ppm GA). During
the other weeks, none c¢f the treatments showed significant

difference.



Table 7. Interaction effect of different periods of.socaking and concentrations of GA on

seed germination at weekly

intervals
Germination percentage at weekly intervals.
Treatments - —
: 1 2 3 4 5 6 7 8
T,C, 28.000 41.3332P 51.333% 56.000% 63.333% 64.667 72.667 72.667
T,C, 26.000 37.3339 58.0002P 58,0002 68.0002P¢ 70.667 72.000 72.000
T, ¢4 34.333 48.0002Pcd 58.000%P 60.0003P 64.0002P 66.000 74,667 74.667
T,C, 31.333 44.0003P¢ 60.66720¢ 61.3333P 70.0002b¢d 72.000 75.333 75.333
7,0, 35.333 50.333Pcd 68.667°°9¢ 69.333P¢ 74.6672Pd 76.000 79.333 79.333
e de c 4
T,C, 49,333 66.667 74.00¢ 74,667 81.333 82.667 87.333 87.333
LN 28.667 44.66730S 59.333°P 60.6672P 68:66735¢ 71.333 74.667 74.667
T,C, 46.333 59.3339¢ . 64.333Pc¢ 65.6673P¢ 70.3338bcd . 76.667 78.000 78.000
T,C4 41.333 56.667%¢ 76.667 € 76.667° 80.667°¢ 82.000 88.000 88.000
7,6, 26.000 53.333°4 70.667 ©9¢ 72.0000¢ 7600024 78.667 83.333 83.333
T,Cy 27.333 40.0003P 52.0002 60.0003P 66.66720 70.000 70.000 70.000
T, 05 32.667 51.333P¢d 58.0002P 64.6673°¢ 71.3333bcd 74.667 75.333 75.333
CD {(0.05) NS il.142% 10.682* 10.039+ 12.040% NS NS NS
T, - 6 h secaking: - 12 h socaking; T3 - 18 ha soakiné; 'I‘4 - 24 h scaking
Cl - 200 ppm GA; 300 ppm GA; C3 = 500 pwm GA

* Significant at 5 per cent level
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Table 8. Interaction effect of seed coat, different concentrations and socaking periods
of GA on seed germination at weekly intervals

C:rmination percentage at weekly intervals

Treatments TToTTTTTTT T T T

1 2 3 4 5 6 7 8
M7, 0 18.6673P° 26,667  29.333  29.333  42.667 45.333  61.333  61.333
M T, C, 12.000° 20.000  32.000 '32.000 52.000 57.333 60.000  60.000
M, T Cq 28.,000%9¢ 40.000 44.000 44,000 49.333 53.333  70.667 70.667
M T,Cy 24.000°¢ 34.667  40.000  40.000 54.667 58.667 65.333  65.333°
B,7,C, 30.667°9%F  41.333  53.333  53.333  64.000 66.667 73.333  73.333
B T.C, 45,333843 54.667 62.667 62.667 72.000 74.667 84.000 84.000
M T, 17.3338P¢ 36.657 37.333 3;.333_ 49.333  54.667 61.333  61.333
M T,C, a2.6679%3 532,000 60.000 60.000  68.000 70.667 82.667 82.667
MT,Cy 29.333°9¢F 44 000 . 54.000 54.000 60.667 73.333  76.000 76,000
¥ T,Cy 34.667°9%%9 44,000 57.333  57.333  62.667 68.000  77.333  77.333
 T,C, 14.667°P 24,000 37.333  46.667 53.333  60.000 60.000  60.000
mTic, 25.3330¢ 46.667 48,000 53.333  61.333  68.000 69.333  69.333
M,TiC; 37.3339efgh ss.qod 73.333  82.667 84.000 84.000 84.000  84.000
M,T,C, 40.000%%981 54,667  82.000 84.000  84.000 84.000  84.000 84.000
M,T)Cy " 40.667%f9%% 56 000 72.000  76.000 78.667  78.667 78.667 78.667
M,T,C; 38.667°T9" 53,333 81.333  $2.333  85.333  65.333  85.333  85.333
MoT,C, - 40.000%79P1 59,333 84,000 | 85.333  85.333 85,333  85.333  85.333
M,T,Cy $3.3337 78.667  85.333  86.667  90.667 90.667 90.667  90.667
M,T,C, 40.000°T9™ 58,667 81.333 84.000 88.000 88.000 88.000  88.000
M,T,C, " s50.000t] 66.667 74.667 77.333  80.000 so.ébo 80.000  80.000
M,T.C, 53.3333 . 69.333  93.333  93.333  93.333 ' 93.333  93.333  93.333
M,T,C) 37.333%°E9P 62,667  84.000 'B6.667 89.333 89.333  89.333  89.333
M,T,C, 40.000%%9%% 56000  66.667 73.333  80.000 80.000 80.000  80.000
M,T,Cy 40.000°69"% 56,000 - 68.000 76.000 81.333  81.333  81.333  81.333
¢D (0.05) 11.600* NS NS NS NS NS NS NS
M, - with seed coat; M, - without seed coat; Tl - 6 h soaking; T, - 12 h soaking;

T3 - 18 h soaking; T, — 24 h soaking; C1 - 200 ppm GA; c, - 300 ppm GA; C3-509ppmGA

* Significant at 5 per cent level



Table 9. Effect of different treatments on seed germination over controls at weekly
intervals

Germination percentage at weekly intervals

-..._—___—...-——.—_—._-__.__—_—.-...—_—._-._.______.___--._—____-..._-_.-.__——-——..—.—.—————_-—._.__—..___.__—.-._

Control-1l vs. 17.556 .20.889 19.661 l4.167 17.500 18.556 22.111 22.111
the rest of M

1.
Contrci-2vs. 15.889 - 20.611 28.333 18.333 10.333 10 333 10.333. 10.322
the rest of M2 ‘

CD (0.05) NS NS NS NS NS NS NS NS

Control-1 - with seed coat - no GA - no soaking
Control-2 - without seed coat - no GA - no‘soaking
Ml - with seed coat
M, - without seed coat

£9
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4.1.4.5 Effect of different treatments over controls

The data showing the superiority of interaction of

seed coat and soaking treatment with GA over controls are

.tabulated in Table 9. It could be read from the data that the

various GA treatments were superior to the corresponding

control treatments, throughout the period of study. When

control-1 (with seed coat - no GA treatment) was compared with
various GA treatments with seed coat it was found that the
superiority of treatments over the control increased upto the
end of the 2hd week, thereafter decreased upto the end of the
4th week, again increased and remained steady after the end of
the 7th week. The supertofity of GA treatmentsover control-2
(without seed coat - no GA treatment) increased upto the end

of the 3rd week, then decreased in the 4th week, and remained

steady after the 5th week.

4.2 sStandardisation of type and age of rootstock for epicotyl,

rl

softwood and double grafting

The type and age of rootstock are known to have a
pronounced influence on the success and growth of grafted

plants in several tropical fruit crops.
4.2.1 Standardisation of thke type of rootstock

In the present study, rootstocks belonging to two

species of the family Gutt:ferae, viz., Garcinia tinctoria and
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G. cambogia were tried. The initial and final percentage of

success of grafts using these rootstocks following various

vegetative propagation methods were recorded. The data were

computed usihg chi-square statistic.

4.2.1.1 Epicotyl grafting

Among the two rootstocks tried, G. cambogia did not
attain sufficient height and girth at the prescribed age for
epicotyl grafting. Hence epicotyl grafting was done only on

G. tinctoria rootstocks.

4,2.1.2 Softwood grafting

The data on the effect of types of rootstock on

initial (30 and 60 days,éfter grafting) and final (90 days

I

after grafting) success are presented in Table 10. Initial
success of grafts was not influenced by the type of rootstock
in softwood grafting while the final success after 90 days of
grafting was significantly-influenced by the type of rootstock.
The final success of grafts after 90 days was high (60.00 per

cent) when G. cambogia was used as rootstock. When G. tinctoria

was used, the success was computed as 40.00 per cent.

Effect of type of rootstock on extension of growth,
girth and number of leaves of the scion was compared using two

sample case t-test and :re tabulated in Tables 11 to 13. It



Table 10. Effect of different types of rootsock on the success of softwood grafting

Initial success Final success
Number of @ ——— e .
Treatments grafts 30 DAG 60 DAG 90 DAG
Made e
Number Percentage Number Percentage Number Percentage
Ry 120 66 55.00 53.00° 44.16 48.002 40.00
R, 120 78 65.00 75.002 62.50 72.00° 60. U0
Rl - G. tinctoria DAG -~ Days after grafting
R,. = G- cambogia
X2 - analysis was done

59



Table 11. Effect of different types of rootstock on the extension growth of scion in cm at

fortnightly intervals in softwood grafting

Extension growth at fortnightly intervals

Treatments e e Mean
1 2 3 4 5 6 7 8 9 10
Ry 1.010 1.020 1.057 1.087 1.133 1.157 1.180 1.213 1.253 1.287 1.140%
' : b
Ry . 1.030 2.370 6.200 9.000  11.300. 13.510 15.560 17.250 17.940 19.3CC 11.346
Ry - G. tinctoria; R, = G. cambogia .

Two sample case t-test was done

L9



Table 12. Effect of different types of rootstock on the girth of scion in cm

intervals in softwood grafting

at fortnightly

Girth. at fortnightly intervals

Treatments ————cm—mm e T T e e e e e e e ——— Mean
1 2 3 4 5 6 7 8 9 10
. D aa A
R, 1.067 1.067 1.067 1.077 1.110 1.123 1.137 1.160 1.1706 1:180 i.d1lo
. b
R2 1.280 1.290 1.330 1.360 1.450 1.491 1.520 1.570 1.580 1.630 1.450
Ry - G. tinctoria; R, - G. cambogia

Two sample case t-test was done



Table 13.

intervals in softwood grafting

Effect of different types of rootstock on the number of leaves of scion at fortnightly

Ireatments o e e Mean
1 2 3 4 5 6 7 8 9 10
R, 1.3970 1.970 L.960 1.800 1.830 1.700 1.730 1.730 1.700 1.700 1.8009°
b
R, 2.000 2.000 2.600 4,100 4.600 6.300 6.600 7.200 7.200 7.800 5.040
R, - G. tinctoria; R, = G. cambogia

Two sample case t-test was done
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was evident from the data that R2 (softwood grafting on

ogia was significantly superior to that on G. tinctoria

G. cambog

(Rl). The extension growth, girth and number of leaves of the

scion on G. cambogia, taken as the average of ten fortnights
after grafting were 11.346 cm, 1.450 cm and 5.040 while the

corresponding values of the scion on G. tinctoria were

1.140 cm, 1.116 cm and 1.809 respectively.

4.2.1.3 Double grafting

The data on the effect of type of rootstock
combinations on the success of double gfafting are presented
in Table 14. Similar to softwood grafting, in double grafting
also, success after 30 days of grafting was not significantly
different among the three kinds of combination tried, but

after 60 .days, M3R2 (double grafting using two seedlings of

G. cambogia) was significantly superior (55.00 per cent) to

the other two combinations while these two were oOn par. When
the final success after 90 days was compared, all the
combinations were found to be statistically different from
each other.‘ M3R2 recorded the highest success percentage

(52.50) followed by M3qudouble grafting using one seedling

each of G. cambogia and G. tinctoria) which gave 25.00 per

cent success. M3Rl (d>uble grafting on two seedlings of

G. tinctoria) proved to be the least successful (17.50 per

cent success).



Table 14. Effect of different rootstock combinations on the success of double grafting

Initial ‘success Final success

Number of @ —= = === m———————
Treatments grafts 30 DAG 60 DAG 90 DAG
made T e
Number Percentage Number Percentagye WNumber Percentage
MR, 120 612 50.83 35% 29.17 214 17.50
MR 120 582 48.33 372 30.83 30P 25.00
MK, 120 722 60.00 66° 55.00  63° 82 .80
M3 - Double grafting Rl - G. tinctoria + G. tinctoria; DAG - Days after grafting

R, - G. cambogia + G. cgmbogia
R - G. tinctoria + G. cambogia

2 .
X~ - analysis was done

I/
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4.2.2 Standardisation of age of rootstock

The different age groups selected for G. tinctoria
rootstocks were 10, 15 and 20 days for epicotyl grafting and

two, three and four months for softwood grafting whereas it

was 18 months for G. cambogia for softwood grafting. Double

grafting was done using two rootstocks for each scion. The
details of age groups of rootstocks are given in Chapter II.

In order to compute the initial and final percentage of

success of grafts chi-square test was adopted.

4.2.2.1 Epicotyl grafting

The data on the initial and final success of epicotyl
grafting on G. tinctoria (Table 15) showed that the three age
groups of rootstock viz., 10, 15 and 20 days after the

emergence of seedlings were statistically homogeneous after
30 days of grafting while after 60 and 90 days the treatments
differed significantly. Epicotyl grafting on 20 days old
lg. tinctoria rootstocks (ABR ) recorded the hiéhest percentage

of success (80.00 per cert) followed by 15 days old rootstocks

(A2Rl 57.50 per cent). Epicotyl grafting on 10 days old

G. tinctoria recorded the least percentage of success (AlRl -
52,50 per cent). When the percentage of success after 90
days was computed, the same treatment, A3Rl aécounted the
highest success (75.00 per cent) followed by A,Ry (57.50 per

cent) and AlRl (50.00 per cent).



Table 15.

Effect of age of rootstock on the success of epicotyl grafting

Number of

Initial success

T T e e e e e e e e e e e e e ———— e . —r———— . —

Final success

Treatments grafts 30 DAG 60 DAG 90 DAG
made T T T T T T T e e e e e e e+ —————————————
Number Percentage Number Percentage Number Percentage
A R, 120 729 60.00 63° 52.50 604 50.00
AR 120 752 62.50 638 57.50 3P 57.50
AR 120 96¢ 80.00 930 80.00 90°¢ 75.00
A, - 10 days R, - G. tinctoria

A2 - 15 days

A3 - 20 days

DAG - Days after grafting

X" - analysis was done

¥
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4.2.2.2 Softwood grafting

The data pertaining to the effect of age of rootstock

on the initial and final success of softwood grafting are

presehted in Table 16% The results indicated that the

different age groups of rootstock infiuenced the graft success
only after 90 days of grafting. At this stage, softwood
grafting on 18 months old G. cambogia rootstocks yielded the
highest percentage of sucéess followed by softwood grafting on
two months, three months and four months old G. tinctoria
in these

rootstocks. The percentage of success accounted

cases were 60.00, 52.00, 38.00 and 30.00 per cent respectively.

4.2.2.3 Double grafting

The results computed on the effect of age of
rootstocks on the initial and final success of grafting are
shown in Table 17. on comparison of treatments, it was
observed "“that M3A3Rl (double grafting using two, 20 days old
seedlings of G. tinctoria) yielded the maximum percentage -of
success after 30 days of grafting (82.50 per cent). The
maximum success after 60 days Wwas observed in D%A7R2 (55.00
per cent) followed by M3P3Rl, after 90 days also DMjA4R,
yielded the maximum success of 52.50 per cent. M3A1Rl (double

grafting on two seedlings of 10 days old G. tinctoria)

recorded the least percentage of success after 30, 60 and 90



Table 16. Effect of age of rootstock on the success of softwood grafting

Initial success Final success
Number of W ———meme

Treatments ' grafts . 30 DAG 60 DAG 90 DAG

MAde e e

Number Percentage Number Percentage Number Percentage

B4Ry 120 752 62.50 66 55.00 62° 52.00
AgR) 120 66° 55.00 512 42.50 4sP 38.00
ARy 120 578 47.50 422 35.00 362 30.00
AgR, 120 782 65.00 752 62.50 729 60.00
A4\ - 2 months Rl - G. tinctoria
Ag - 3 months R, - G. cambogia
AGI - 4 months DAG - Days aftgr graftig
A8 - 18 months
X2 - analysis was done



Table 17. Effect of age of rootstock combinations on the success of double grafting

Initial success Final success
Number of W —~eccmmmm
Treatments grafts 30 DAG 60 DAG 90 pac
MAAE e

Number Percentage Number Percentage Number Percentage
MyA Ry 120 278 22.50 152 12.50 02 " 0.00
M,A, R 120 570 47.50 33P¢ 27.50 24P " 20.00
M AR, 120 999 82.50 57° 47.50 39°€ 32.50
48, R 120 54° 45.00 45¢ . 37.50 21° 36.50
M,AR 120 60P 50.00 36P° 30.00 30¢ 25.00
M3A3R 120 60° 50.00 30P 25.00 24P 20.00
MaAR, 120 .72° 60.00 66° 55.00 63 52.50
M3 - Double graftigg A1 - 10 days Ry - G. tinctoria + G. tinctoria

Ay, - 15 days R, - G. cambogia + G. cambogia

Ay - 20 days R - G. cambogia + G. tinctoria
DAG ~ Days after grafting A - 12 months

7
X = analysis was done
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days of grafting which was accounted as 22.50, 12.50 and

0.00 reépectively.

4.2.3 Standardisation of type of rootstock and’ method of

grafting

The grafted plants at different stages of growth are

illustrated in Plates 9 to 14. The data ‘'on the success

percentage, extension growth, girth and number of leaves of
the grafts in different treatments using two types of
rootstocks and following three methods of grafting are
tabulated in Tables 18, 19, 20 and 21 respectively. 1In order
to compare the treatments based on initial and final succesé
percentage of grafts chi-square test was conducted. Analysis
of variance was done (Appendix ITT) to compare the treatments

on the basis of extension growth, girth and number of leaves

of the scion which were taken as the average of ten fortnights

after grafting.

The results obtained (Table 18) indicated that there

was significant difference between the treatments regarding

the success of grafts after 50 and 90 days of grafting. when
different rootstocks were used and different methods were
followed, while all the treatments seemed to be homogeneous
after 30 days of grafting. A maximum percentage of success

after 60 days was found to be associated with MlRl (epicotyl

grafting on G. tinctoria) and M2R2 (softwood grafting on



Plate 9 Epicotyl grafts on Garcinia tinctoria

(2, 3 and 4 months after grafting}

Plate 10 Softwood grafts on Garcinia tinctoria

ﬂ2, 3 and 4 months after grafting)






Plate 11 Softwood grafts on Garcinia cambogia

(3, 4 and 5 months after grafting)

Plate 12 Double grafts on Garcinia tinctoria + Garcinia

tinctoria (2, 3 and 4 months after grafting)






Plate 13 Double grafts on Garcinia tinctoria + Garcinia

cambogia (2, 3 and 4 months after grafting)

Plate 14 Double grafts on Garcinia cambogia + Garcinia

cambogia {2, 3 and 4 months after grafting)






Table 18. Interaction effect of different t
the success of grafts

ypes of rootstock and methods of grafting on

Initial success

Final success
Number of o

Treatments grafts 30 DAG 60 DAG 90 DAG

MAde e 0B

Number Percentage Number Percentage Number Percentage

M Ry 120 812 67.50 75€ 62.50 74° 61.67
MR 12y 56° 55.00 53% 44.16 48" 36.72
MoK 120 78% 65.00 75° 62.50 72° 60.00
MiRy 120 612 50.83 352 29.17 21% 17.50
MR 120 60% 50.00 33% 27.50 278 22.50
MR, 120 722 60.00 66° 55.00 63° 52.50
M, - Epicotyl grafting - Rl - G. tictoria
M2 - Softwood grafting R2 - G. cambogia
M3 ~ Double grafting ‘ R -~ G. tinctoria + G. cambogia
DAG - Days after grafting
X2' - analysis was done

8¢
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which was accounted as 62.50. At this stage,

G. cambogia)
M3R2 (double grafting on two seedlings of G. camboyia) was

found to be on par with MLRl and M2R2 which gave 55.00 per

After 90 days also, MlRl was found to be on par

These three treatments recorded 61.67,

cent success.
with M2R2 and M3R2.
60.00 and 52.50 per cent success respectively after 90 days.

The treatment, MjR (double grafting on G. tinctoria and

G. cambogia)recorded the lowest percentage of success after 60

days of grafting while M3Rl (double grafting on two seedlings
of G. tinctoria) yielded the lowest percentage of success

(17.50) after 90 days of grafting. Since this treatment did

not put forth any new growth, it was deleted from further

studies.

The statistical analysis of Table 19 revealed that the

different treatments with respect to the type of rootstock and

method of grafting differed ‘significantly considering the

extension g¢rowth of the scion. It seemed that the maximum

extension growth of 11.346 cm was associated with M,R,
followed by M3R2 which recorded 8.105 cm. -The least
extension growth of 1.140 cm was recorded in M2Rl (softwocd
gyrafting on G. tinctoria) and it was on par with the rest of
the £wo treatments wviz., Mle and M3R. The treatment, M2R2
recorded the highest value for girth of scion (1.450 crl) while

the lowest value was fodnd in MlRl (03887 crn) and it was on

par with M2Rl and M3R as revealed from Table 20. It was



Table 19. 1Interaction effect of different types of rootstock and methods

of grafting on the
extension growth of scion in cm at fortnightly intervals

Extension growth at fortnightly intervals

Treatments —-————emmee o ______ 2T Tn e e Mean
1 2 3 4 5 - b 7 B 9 10
a
MlRl 0.816 0.907 1.003 1.080 1.217 1.283 1.427 1.463 1.500 1.51l6 1.221
: "}
M?Rl . 1.01¢ 1.020 1.057 1.087 1.133 1.157 1.180 1.213 1.253 1.287 1.140
C
M2R2 1.030 2.370 6.200 9.000 11.300 13.510 15.560 17.250 *17.940 19.300 11.346
b
MaR, 1.160 2.250 4.250 6.850 8.450 10.660 10.660 11.600 12.400 12.770 8.105
a
M3R 1.075 1.085 1.300 1.435 1.555 1.705 1.940 2.045 2.240 2.425 1.681
CD (0.05) 3.065%*
Ml = FEpicotyl grafting; M2 - Softwood grafting; M3 ~ Double grafting
Ry - G. tinctoria; R, - G. cambogia; R - G. tinctoria + G. cambogia
* Significant at 5 per cent level



Table 20. Interaction effect of different types of rootstock and methods of grafting on the girth
of scion in cm at fortnightly intervuis

Girth at fortnightly intervals

Treatments ——— == e e e e Mean
1 2 3 4 5 6 7 8 9 10
MRy 0.733 0.757 0.780 0.800 0.877 0.910 0.923 0.977 0.990 1.027 0.877°
bc
M,Ry 1.067 1.067 1.067 1.077 1.110 1.123 1.137 1.160 1.170 1.180 1:116
M,R, 1.280 1.290 1.330 1..360 1..450 1.491 1.520 1.570 1.580 1.620 1.4509
M.R., 1.020 1.020 1.060 1.140 1.180 1.240 1.330 1.420 1.530 1.610 1.255%
ab
M3R 0.895 0.895 0.905 0.940 0.990 1.005 1.015 1.070 1.085 1.095 0.990
CD (0.05) 0.149%
My - Epicotyl grafﬁing: M2 - Softwood grafting; My - Double grafting
R, - G. t#nctoria; R, =—- G. cambogia; R - G. tinctoria + G. cambogia
* Significant at 5 per cent level
)
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evident that the treatments, M3R2 and M2R2 recorded higher

values for the number of leaves (Table 21). On an averadge,

M3R2 and M,R, produced 5.470 and 5.080 leaves respectively.

The minimum number of leaves was found in M2Rl (1.800) while

it was on par with MlRl and M3R.

4.2.4 Interaction effect of type and age of rootstock and

method of grafting on growth parameters

The influence of type and age of rootstock and method

of grafting on the various growth parameters of the grafts,

viz., extension growth, girth and number of leaves were

studied and compared at fortnightly interval upto ‘the 10th

fortnight after grafting, adopting the principles of analysis

of variance (Appendix IV, V and VI). The data are presented

in Tables 22, 23 and 24 respectively.

4.2.4.1 Extension growth of scion

Observations on the extension growth of scion for

various treatments are presented in Table 22. The table

showed that there was significant difference between the

treatments throughout the period of study. In all the’

fortnights studied, except the first, MyAgR, (softwood

grafting on 18 months old G. cambogia) recorded the maximum
e

values for the extension growth of -scion. The values were

2.370 cm, 6.20 cm, 9.00 cm, 11.30 cm, 13.510 cm, 15.560 cm,



Table 21. Interaction effect of different .types of rootstock and methods of grafting on number of

leaves of scion at fortnightly intervals

Number of leaves at fortnightly intervals

Treatments ——————————c———————————— e Mean
1 2 3 4 5 6 7 8 9 10
MR, 1.330 1.700 2.130 2.470 3.100 3.200 3.170 3.170 3.130 3.100 2.650%
-MZRl 1.970 ~-1.970 1.930 1.800 1.830 1.700 1.730 1.730 1.700 1.700 1.806°
b
MoR, 2.000 © 2.000 3.000 4.100 4.600 6.300 6.600 7.200 7.200 7.800 5.080
: b
FiaR, 2.500 2.700 3.200 3.400 4.860. 6.000 6.600 7.500 8.300 5.700 5.470
: a
M4R 2.000 2.150 2.150 3.750 2.800 3.100 3.300 3.550 3.800 3.850 2.945
CD (0.05) 1.344%*
My - Epicotyl grafting; M, - Softwood grafting; M3 - Double grafting
R, - G. tinctoria; R, - G. capbogia; Ry - . tinctoria + G. cambogia
* Significant at 5 per cent level
&2



Table 22. Interaction effect of different types and age of rootstock and methods of grafting on the extension growth of
scion in cm, at fortnightly intervals :

Extension growth at fortnightly intervals

Treatments , _

1 -2 3 4 5 6 7 8 9 10
M, ARy 0.7402 0.830% 0.880% . 0.976a 1.120% 1.2002 1.370% 1.390% 1.420% 1.4502
Mléle 0.760% 0.88¢% 1.000% 1.070% 1.280° 1.350% 1.440° 1.4502 1.490% 1.500%
M A4R 0.950>  1.010% 1.1308 1.200% 1.250% 1.3002 1.470° 1.5502 1.590% 1.600%
MoK, 0.940° 0.9402 0.950% 0.950% 1.0002 1.010° 1.0202 1.0602 1.070® 1.080%
MoALR) 1.040°%  1.c4c? 1.100% 1.100 1.140% ;fITOa 1.2002 1.2302 1.290% 1.340%
M BgRy 1.050°¢ 1.6802 1.120° 1.2102 1.260% 1.290% 1.3202 _ 1.350% 1.4002 1.440%
MoAgR, 1.030°¢  2.370° 6:200° 9.000°  11.300°  13.510°  15.560°  17.250°  17.940°  19.300°
MjA-R, 1.160 2.250° 4.250° 6.850° s.a50P  10.660°  10.660®  11.600°  12.400°  12.770°
MqB,R 1.090°° 1.110°8 1.4008 1.5762 1.7502 1.930% 2.180% 2.390% 2.640% 2.870°
MjA R 1.060°° 1.660% 1.2002 1.300% 1.3602 1.480% 1.700% 1.700% 1.8402 1.980%
co {0.05) 0.160* 0.400* 0.870* 1.290" 1.410% 1.590% 1.760% 1.860% 2.000% 2.120%*
Ml - Epicotyl grafting; By, - Softwood grafting; H3 - Double grafting
Ay - 1¢ days;: A, - 15 dars; Ay - 20 days; A, - 2 months; A, - 3 months; AG - 4 months
Ay - 12 months; A, - 18 —onths; R; - B&. tinctoria; R, - G. camboyia; R - G. tinctoria + G. gambogia

* Significant at 5 per cent level
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17.250 cm, 17.940 cm and 19.30 ¢cm respectively at the end of
2nd to 10th fortnights.- In the 1lst fortnight, M3A7R2 {double

grafting on two, 12 months old G. cambogia) recorded the
maximum extension growth of scion which was measured as
1.160 cm. In the 1st, 2nd and 3rd fortnights MlAlRl (epicotyl

grafting on ten days old G. tinctoria) yielded the lowest

values for extension growth as 0.740 cm, 0.830 cm and 0.880 cm

respectively. Thereafter, upto the 10th fortnight. M2A4Rl

(softwood grafting on 2 months old G. tinctoria) recorded the

lowest values (0.950 cm, 1.00 cm, 1.010 cm, 1.020 cm, 1.060 cm,
1.070 cm and 1.080cm respectively). An overall comparison of

the treatments at different fortnights revealed the
superiority of M,AgR, and M3A7R2 in all the fortnights while
the rest of the treatments were oI par, for the extension of

the scion. M2A8R2 showed the maximum extension growth of

19.30 cm followed by M3}\7R2 (12.770 cm) while the rest of the

treatments showed a difference of only less than 2 cm between

the first and last fortnights studied.

4.2.4.2 Girth of scion

It was,‘apﬁarent from Table 23 that the treatments
under study differed significantly from each other from lst to

10th fortnights after grafting. The maximum values for girth

of scion were measured in M2A8R2 in all the fortnights

considered. The values were 1.280 cm, 1.290 cm, 1.330 cm,



Table 23. Interaction effect of different types and age of rootstock and methods of grafting on the girth of scion
in cm, at fortnightly intervals
Girth at fortnightly intervals
Treatments i ey e o e e e e e e e e e e e e e —
i 2 3 4 5 6 7 8 9 10
M AR, 0.680% 0.680% 0.7403 0.780%F  0.870%2  0.9102P  0.94*P 1.0002%  1.0202 1.0602
M ARy 0.6902 0,750 0.7502 0.760% 0.790% 0.850% 0.860% 0.930% 0.950% 0.990%
M AR, 0.830° 0.840° 0.850%®  0.g60%P  g.970P 0.97032 0.9702%  1.000®®  1.000% 1.030%
be
MoA Ry 1.1409 1.1409 1.140°% 1.140°% 1.160° 1.160%8 1.1709 1.180°¢ 1.1805¢ 1.190
- ab
M,AR, 0.970°% 0.370° 0.970°4  p.970P 1.020°°  1.040°®  1.050°¢  1.090P®  1.100°"  1.110
bc
M,AGR) 1,090 1.090 @ 1.0009®  1.120° 1.150 € 1.170°%  1.190¢ 1.210° 1.230 € 1.240
¥,AgR, 1.280° 1.290¢ 1.330f 1.3609 1.450° 1.491° 1.520% 1.5704 1.5809 1.6309
MyAR, 1.020°¢ 1,020  1.0609®  1.140° 1.180°9  1.2409 1.330°¢ 1.4209 1.5304 1.6104
b
MyALR 0.880°°  0.830P°  0.900°°  0.010° 0.970° 1.000° 1.000° 1.060%%  1.070%%  1.090%
. ab
MyA R 0.910°°  0.910°°  5.910° 0.970° 1.010% 1.010%  1.030° 1.080%® 11002 1.110
cp (0.05) 0.125% 0.127* 0.131% 0.133% 0.133* 0.136% 0.139% 0.152+ 0.150% 0.158%
My - Epicotyl grafting; M, - Softwood grafting; H3 ~ Double grafting
Al - 10 days; Az - 15 days; A3 - 20 days; A4 - 2 months; As - 3 months; AS - 4 months
A, - 12 months; Ag - 18 months; R, =~ G. tinctoria; R, - &. cambogia; R - G. tinctoria + G. cambogia

* Significant at 5 per cent level
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1.360 cm, 1.450 cm, 1.491 cm, 1.520 cm, 1.570 cm, 1.580 cm and

1.630 cm respectively from lst to 10th fortnights. Except in

the lst three fortnights,'M3A7R2 recorded the second maximum

values. In +the first three fortnights, MlAlRl {(epicotyl

grafting using ten days old G. tinctoria rootstock) showed the

lowest values for girth of scion while in the rest of the

fortnights MlAZRl (epicotyl grafting using 15 days old
G. tinctoria rootstock) yielded the lowest values. An

overall comparison of the treatments showed the superiority

of M2A8R2 in all the fortnights which was on par with M3A7R2

in 4th, 8th, 9th and 10th fortnights, for the girth of scion.

4.2.4.3 Number of leaves

The data recorded 1in Table 24 revealed that the

treatments diffemdsignificantly in all the fortnights as in

the case of extension growth and girth of scion. ® M3A7R2 and

M2A8R2 showed apparent superiority with respect to the number

‘of leaves produced on the scion. In all the fortnights,
except in the 4th and 6th, M3A7R2 produced maximum numbexr of
leaves compared to the other treatments. The number of leaves

corresponding to M,A- R, from 1st to 10th fortnights were 2.50,
37772

2.70, 3.20, 3.40, 4.80, 6€.00, 6.60, 7.50, 8.30 and 9.70

réspectively. 1In the 4th and 6th fortnights, M2A8R2 slightly

surpassed M3A7R2 in whicn case the number of leaves recorded

were 4.10 and 6.30 respectively. Upto the 4th fbrtnighf,

R, recorded the least number of leaves (0.90, 1.20, 1.40

M. A 1
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Table 24. Interaction effect.of different types and age of rootstock and methods of grafting on the number of leaves of
scion at fortnightly intervals '

Number of leaves at fortnightly intervals

Treatments _—
1 2 3 4 5 .6 7 8 9 10
bed
MyA Ry 0.9002 1.200% 1.4002 1.5002 2.800%  2.800°°¢  3.400 ©  3.400%°  3.200°¢  3.200
M ARy 1.400%  2.200%  2.500%¢  2.700°°  2.900°°  3.000%%  3.000%  2.900'P%d 2.900°° 3.000
M AR, 1.700¢  1.700%®  2.500P°  3.200°%¢  3.600°°  3.800% 3.500 ©  3.200 °°  3.300% 3.100°
MoA,R, 2.200 %% 2.200°€  2.200%®  1.800%P  1.600% 1.300% 1.3002 0.900% 0.8002 0.800%
M,AR, 1.900°%@  1.900" 1.900%P  1.900%°  2.200° 2.1003P€  2,2008%¢  2.400P°  2.400"C 2.400°
AR, 1.800°  1.8002®  1.700%®  1.700%®  1.700° 1.700%P ~ 1.700%%  1.900%P  1.9002P¢ 1500
MyBgR, 2.000P°Y¢  2.000P 2.600°¢  4.100% 4.600° 6.300° 6.6009 ?.2666 7.200° 7.800°
M3AoR, 2.500° 2.700° 3.200° 3.400°¢  4.800° -  6.000° 6.600° 7.500° 8.300° 9.7oof'
M,AR 2.000%%%  2.000° 2.000%%  2.800P°  2.800%  3.300°%  3.500 ¢ 3.900% 4.300% 4.400%
MyALR 2.000°¢  2.300°¢  2:3000B¢  2.7000 2.800%  2,900°°¢  3.100°°  3.200 *°¢ 3.300%¢ 3.300
CD (0.05) 0.570% 0.630% 0.920* 1.170% 1.290* 1.410% 1.490% 1.440% 1.350% 1.300%
M - Epicoéyl grafting; My, - Softgrafting; M3 - Double grafting
Al - 10 days; A, - 15 days: A3 - 20 days: A4 - 2 months; A5 - 3 months; As '~ 4 months
A; - 12 months; Ag - 18 months; Ry - g.itipctoria; R, - G. cambogias; R - G. tinctoria + G. cambogia

* Significant at 5 per cent level
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and 1.50 respectively). Thereafter M2A4Rl registered the

lowest number of leaves (L.60, 1.30, 1.30, 0.90, 0.80 and 0.80

respectively). an overall comparison revealed that M3A7R2

produced maximum number. of leaves except in the 4th and 6th

fortnights and in the lst, 3rd, Sth, 6th, 7th, 8th and 9th

fortnights it was on par with M3A8R2.

4.3 Effect of type and age of scion wood on the success of

grafting

Type and age of scion wood had got a direct influence

on the success of grafting. . In the present study, three types

of scion wood (Plate 15) viz., new flush shoot with a plumy

apical bud (completely green in colour and three months old).

past season shoot ‘with .no new sprout (completely brown in

colour and six months old) and past 'season shoot with a new

sprout and a plumpy apical bud (basally brown, green at the
top and nine months old) were used to know their effect on
graft take. Among them,six months old scion material did not
produce any new growth on the graft even after five months of
grafting. The initial and final success could be computed
ébserving the colour of the grafted scion. It remainea green
. even after the prescribed periods (30, 60 and 90 days after
grafting). Therefore, comparison of growth parameters like
extension growth, girth and number of leaves of the scion was

not - possible in these grafts. Chi-sguare statistic was

adopted to compute the initial and final percentage of success



Plate 15 Different types of scion wood used for grafting

A - nine months old
B - six months old
C - three months old

Plate 16 Grafts prepared using different types of scion

‘wood (5 months after grafting)

A - Using three months o0ld scion wood

B - Using nine months old scion wood






of grafts while the principles of two sample case t-test were

followed ,to compare the treatments (Tl and T3), on the basis

of growth parameters. The grafts prepared using these two

types of scion wood are illustrated in Plate 16.

Table 25 gives. an account of the initial and final
success of grafts and it was seen that there was significant
difference between the treatments in this respect. T3 {nine

months old scion wood) recorded the highest percentage of

initial and final success of grafts as 80.00, 75.00 and 70;00

after 30, 60 and 90 days of grafting, however it was on par

with T, (three months old scion wood).

1

The data pertai-n.i.'ng to the comparison of treatments
with respect to extension growth, girth and number of leaves
of the scion are presented in Tables 26 to 28. The studies
revealed that the two treatments were  statistically different
and T3 gave higher values- for extension growth of scion
compared to Ty (Table 26). Extension growth of scion from the
lst to 10th fortnights, in T3 were 1.180 cm, 2.250 cm, 4.90 cm,
" 5.580 cm, 9.310 cm, 10.420 cm, 11.780 cm, 13.40 cm, 14.620 cm
and 15.420 cm respectively. When the girth of - scion was

considered, the treatments were similar to each other

(Table 27). The treatments differed significantly with regard
to the number of leaves, in all the fortnights except the

first and second ones (Table 28). Here also, T3 recorded more

number of leaves compared to Tl' The average number of leaves



vable 2b. Effect of type and age of scion wood on the success of grafting

Number of

Initial success Final success

Treatments grafts 30 DAG 60 DAG 90 DAG
: made = =  sceemmem e e e e e e e ——————
Number Percentage Number Percentage Number Percentage

T, 60 45° 75.00 39° 65.00 30P 50.00
T, 60 62 10.00 3% 5.00 3¢ 5.00
T, 60 48P 80.00 45P 75.00 42° 70.00

T, - Three months old DAG - Days after grafting

'1‘2 - Six months old

Té - Nine months old

2 .

X7 - analysis was done

16



Table 26. Effect of type and age of scion wood on

the extension growth of
fortnightly intervals

scion 1in cm, at

Extension growth at fortnightly intervals

TreatmMEN LS m o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1 2 3 4 5 6 7 8 9 10
T, 0.870% 1.100% 1.650% 2.120% 4.160% 6.400% 7.380% 9.100% 9.990% 10.496%
T, 1.180°  2.250P  4.900P 5.580P 9.310° 10.420° 11.780° 13.400° 14.620° 15.420°
Tl - Three months old; T3 - Nine months old

Two sample case t-test was done
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Tabl-. 27. Eifect of type and age of scion wood on the girth of scion in cm, at fortnightly

intervals
Girth at fortnightly intervals
P eatME Nt S e e e e e e T T T T
1 2 3 4 5 6 7 8 9 10

oy 0.950%  ©0.366%  ©.580%  1.050% 1.080%  1.110% 1.1%0% 1.210% 1.250° 1.250%

T, 0.930% 0.940% 0.970% 1.030% -1.080% 1.150% 1.200® 1.270% 1.350% 1.410°
Tl — . Three months o0ld; T3 - W®ine months old

:zwple case t-test wzs done

[
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Table 28. Effect of type and age of scion wood on the number of leaves of scion at fortnightly
intervals '

Number of leaves at fortnightly intervals

Treatment s —m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1 2 3 4 5 6 7 8 9 10
|
T 2.000%  2.000% 2.100% 2.200% 3.300% 4.000® 4.300® 5.200% 5.600% 6.300%
T, 2.000® 2.000% 3.300° 3,900° 5.300° 5.900° 7.400° 7.800° 9.300° 10.000°
Tl — Three months old; T3 -~ Nine months old

Two sample case t-test was done
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computed in T, from 3rd to 10th fortnights were 3.30, 3.90,

5230, 5.90, 7.40, 7.80, 9.30 and 10.00 respectively.

It is concluded from the observations that nine months
old scion material was more suitable for softwood grafting in
G. cambogia compared to three months old or six months old
scion materials, boﬁh in the case of percentage of success of

grafts and the growth parameters.

4.4 Effect of season on the success of grafting

In order to find out the best season for softwood

grafting on G. cambogia and to improve the success percentage,
grafting.operation was conducted during six months viz., May.
June, July, October, November and December. The data showing
the effect of season on the initial (30 and 60 days after
grafting) and final (90 days after grafting) success are
tabulated in Table 29: Chi-square test was adopted to compare

the treatments with respect to the success percentage of

grafts.

On comparison, it was observed that the treatments

differed significantly when the initial and final success of

grafts were considered. Grafting operation during May. June

and July yielded more success percentage compared-to October,

November or December grafting, after 30, 60 and 90 days of

grafting. Among the six treatments, T, (June grafting)



Table 29. Effect of season on the success of grafting

Initial success Final success
Number of @ —————m e L
Treatments grafts : 30 DAG 60 DAG 90 DAG
made e e e
Number Percentage Number Percentage Number Percentage
T, 100 88°c 88.00 80° 80.00 75°¢ 75.00
T, 109 92C 92.00° 87°¢ . 87.00 - g4® 84.00
T, ‘ 100 90 90.00 85°¢ 85.00 80° 80.00
T, 100 60P 60.00 567 56.00 56° 56.00
T, 100 5230 52.00 378 37.00 282 28.00
T 100 - 438 43.00 322 32.00 122 12.00
Tl - May grafting T3 - July grafting Ty = November grafting
T, = June grarfting T, - October grafting T6 - December grafting

X? - analysis was done
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registered the highest success of 92.00 per cent, 87.00 per
cent and 84.00 per cent respectively after 30, 60 and 90 days
of grafting while T6 (December grafting) recorded the lowest

success as 43.00 per cent, 32.00 per cent and 12.00 per cent

respectively at these stages.
4.5 Effect of growth regulators on the success of grafting

when IBA and GA each at 100, 250 and 500 ppm were

sprayed on grafted plants immediately after grafting,it was
obsgrved that growth regulators had practically no effect ‘on
the graft take as well as fu;ther growth of the grafts. The
same growth regulators each at 500, 750 and 1000 ppm were used
for dipping the scion before grafting. The treatments were
compared through chi-square test to find out the initial and
final percentage of succass. Analysis of variance was done to
compare the treatments with respéct to the growth parameters

like extension growth, girth and number of leaves of the

grafts at fortnightly intervals (Appendices VII, VIII and IX).

The observations on initial and final success of
grafts are tabulated in Table 30. It was confirmed that there
was significant difference between the treatments as far as

the initial and final success of grafts after 30, 60 and 90

days of grafting were considered. Tl (ca 500 ppm) gave the

highest percentage of success after 30 and 60 days of grafting:

which were computed as 62.00 and 60.00 respectively.



Takle 30. Effect of growth requlators on the success of grafting

Initial success Final success
Number of = —e~—ocmememe e
Treatments grafts 30 DAG 60 DAG 90 DAG
made = =0 e e
Number Percentage Number Percentage Numbexr Percentage
T, 60 37° 62.00 369 60.00 349 56.67
T, 60 32€ 54.00 25° 42.00 22€ 36.67
T, 60 15° 25.00 72 11.67 52 8.33
T, 60 19° 32.00 17° 28.33 14° 23.33
T 60 | 10° 16.67 7° 11.67 4% 6.67
Te 60 10° 16.67 22 3.33 0% 0.00
T, 60 36 60.00 349 56.67 349 56.67
'I‘l - GA 500 ppn T5 - IBA 750 ppm DAG - Days after grafting
Té - GA 750 ppm T6 - IBA 1000 ppm
Té - GA 1000 ppm 'I‘.7 - Control
T4 - IBA 500 ppm
>

Xx* =~ analysis was done
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After 90 days, T, and T, (control) recorded the highest

percentage of success (56.67). The lowest success of 16.67

per cent was recorded in TS(IBA 750 ppm) and T6 (IBA 1000 ppm)
after 30 days of grafting while after 60 and 90 days T,

recorded the least percentage of success (2.33 and 0.00 per

cent respectively). -

The comparison of the treatments with reference to the

extension growth, girth and number of leaves of the scion are

depicted in Tables 31, 32 and 33 respectively. In these
tables, only six treatments could be compared because the

grafts survived in T, were too low in number to be compared

statistically.

The data taken on the extension growth of scion
indicated that the treatments differed significantly in all
the fortnights from the lst to the 10th (Table 31). It was
found that T7 was superior to th¢ other treatments in the
first three fortnights. The extension growth registered in

T, during these fortnights were 1.030 cm, 2.370 cm and 6.20 cm

respectively. From the 4th fortnight onwards, 'I‘l recorded the

highest values for extension growth which were measured as
9.840 cm,. 11.350 cm, 14.950 cm, °17.750 cm, 19.820 cm,
20.070 cm and 22.220 com respectively. Eventhough, T,

registered higher values for extension growth compared to all



Table 31. Effect of growth regulators on the extension growth of scion in em, at fortnightly

- intervals

b

Extension growth at fortnightly intervals

Treatments == e e e e
1 2 3 4 5 6 8 9 10.

T, 1.000°° 2.180° 5.890° 9.840° 11.350° 14.950P 19.820° 20.070° 22.220°
T, 0.967% 0.967% 1.267%  2.267% 2.567° 6.567° 11.sé7a 12.867° 13.433°
Ty 0.833%  0.867% 1.067% 2.007% 2.337%  ¢.773% 7.467%  8.800%  9.267°
*q 0.920%  1.350%  1.550° 2.170%  2.870%  4.833° 3.340% 10.840%° 11.090°
Tg 0.814% 1.100% 1.206® 2.880% 2.880% 4.357° 6.929° 7.071%  8.143°%
T, 1.030°° 2.370°  6.200° 9.000° 11.300° 13.510° 15.5602 17.250P 17.940° 19.300°

Tl - GA 500 ppm. T2 BA 750 ppm T3 -~ GA 1000

T, - 1IBA 500 ppm "1‘5 IBA 750 ppm T, - Control

QU1
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other treatments, T7 was found to be on par with Tl throughout

the period of study.

The results obtained showed the superiority of T7 on
girth of scion over the other treatments, throughout the
period, except the last two fortnights (Table 325. The values
for girth of scion corresponding to T7 in these fortnights
were 1.280 cm, 1.290 cm, 1.330 cm, 1.360 cm, 1.450 cm,
1.470 cm, 1.520 cm, 1.570 cm, 1.580 cm and 1.630 cm
-féspectively. all the treatments, except T,,  were
statistically similar to each other, in these fortnights as
far as thé girth of scion was concerned. During the last two

fortnights, all the treatments including T, were statistically

homogeneous.

When the treatments were compared with respect to the
number of leaves produced on the scion (Table 33) it was found
that the treatments dlffered blgnlflcantly except in the first
two fortnlghts. From the third fortnlght to the end of tenth
fortnight, Tl (GA 500 ppm) produced the maximum number of
leaves which were accounted as 3.70, 4.60, 6.90, 8.00, 8.70,
9.20, 9.20 and 9.40 respectively. However, Tl did not prove

its significant superiority over T, except, in the seventh

fortnight.

The analysis was also performed through two way

claésification (Appendix IX) with  unegqual number of



Table 32. Effect of growth regulators on the girth of scion growth in cm, at fortnightly intervals

Girth at fortnightly intervals

Treatments — = e
1 2 3 4 5 6 7 8 9 10
T, 1.090%  1.160°  1.160% 1.210 1.240%  1.270%  1.280% 1.330% 1.350 1.370
T, 0.957%  1.000® 1.057% 1.086% 1.129® 1.157% 1.124® 1.271% 1.357 1.400
Ty 1.000%  1.000% 1.0672 1.0672 1.133a_ 1.167%  1.267% 1.300% 1.333 1.400
T, 1.020%  1.040%° 1.090%  1.130% 1.200% 1.250% 1.290% 1.360% 1.430 1.500
Te 1.000%  1.000%  1.000% 1.167% 1.167% 1.200% 1.300% 1.333%  1.400 1.467
T, 1.280°  1.290P 1.330P 1.360°  1.450°  1.470P 1.520° 1.570P 1.s80 1.630
NS NS
T, -~ GA 500 ppm T, =~ GA 750 ppm T, - GA 1000 pppm
T4 - IBA 500 ppm T5 - IBA 750 ppm T7 - Control

AN



Table 33. Effect of gfowth regulators on the number of leaves of scion at fortnightly intervals

Number of leaves at fortnightly intervals

Treatments oo e e i
1 2 3 4 5 6 7 8 9 10
T, 2.100  2.400  3.700° 4.600° 6.900° 8.000° 8.700° 9.200° 9.200° 9.400P
T, 2.000 2.143 3.057°  3.571%  4.2862 5.2862 5.571% 6.000% 6.571%  7.143%2
T, 2.000 2.000 2.000%  3.000% 3.000° 3.667% 5.0002 6.000% 6.667% 7.3332
T, 2.000 2.000 2.200%  2.500% 3.700% 4.800% 5.400%° 6.800% 7.000% 7.1002
T, 2.000 2.000 2.000%  2.000% 3.000% 3.000% 5.667% 6.333% "7.000% 7.3332
' b b b b ab ab ab
T, 2.000 2.000 3.000 4.100 4.600 6.300 6.600%  7.200 7.200%7  7.700
NS NS
Tl ~ GA 500 ppm; T2 - GA 750 ppm; T3 - GA 1000 ppm; T4- - IBA 500 ppm;
T4 - IBA 750 ppm; T7 - Control
—d
oy
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observations in different treatments. It was evident ﬁrom the
analysis that the treatments differed significantly in their
effect on the extension growth of scion. It was also found
that the increment in extension growth differed significantly
from fortnight to fortnight and maximum increase in extension
growth was observed from 4th to 8th fortnights. When the

different treatments were ranked on the basis of leaves

produced it was also found that the different levels of growth
regulators differed significantly from each other. The
treatment Tl' produced the maximum number of leaves followed
by T,. Here also, the maximum number of leaves were pfoduced
from 4th to 8th fortnights (Appendix X}.

4.6 Anatomical studies

Anatomical studies were conducted to understand the
characteristic features of graft union in various methods of

grafting and to arrive at the reasons for graft failure.
4.6.1 General anatomy of the stem

In G. tinctoria (Plate 17) and G. cambogia (Plate 18)
the outermost layer of cells was the epidermis. These cells
were rectangular in shape. A few unicellular epidermal hairs
projecting from the ep%dermis were also seen. Below the
epidermis, there were two to three layers of collenchyma which
consisted of cells with thick non-lignified walls, thickened

at the corners. The cortex consisted of 15 to 20 layers of



Plate 17 Cross—section of Garcinia tinctoria stem

Plate 18 Cross—-section of Garcinia cambogia stem
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thin walled parenchymatous cells found to be underlying the
collenchyma. In the cortex tissue, three to Tfour layers of
laticiferous cells were found 1in G. tinctoria while in
G. cambogia, one or two Qlayers of laticifers were seen.
Laticifers are cells or series of fused cells containing a
fluid called latex and forming system that permeate various

tissues of the plant body. In addition to the laticifers,

some gummy exudates were also found in the cells of cortex of

G. tinctoria. The gummy exudates usually consist of phenols
and natural dyes. The ceils with gummy exudates were found to
be deeply stained in the section of G. tinctoria stem. In

G. cambogia such gummy exudates were almost absent so that the
cells in the cortex appeared to be uniformly stained. In
G. tinctoria numerous starch granules and raphides containing
calcium crystals were also found to be scattered in the cortex
tissue. In G. cambogia such starch grains and raphides were
absent in the cortex tissue. Below the cortex, a single layer
of endodermis made of parenchyma cells of rectangular shape
was seen in G. tinctoria whereas such a distinct endodermis
was absent iIn G. cambogia. In the stem structure of
G. tinctoria and G. cambogia, secondary xylem and phloem were
absent upto the softwood stage. Xylem mainly consisted of
xylem parenchyma and vessels which were arranged radially from
the pitch. Phloem was mainly made up of sieve tubes and
fibres. Starch granules were Tfound to be associated with

phloem tissue in both the plants. Extending from the pitch



and below the cortex, there were radially arranged parenchyma

cells called xylem rays. The central tissue, pith, consisted

of large thin walled parenchymatous cells.

4.6.2 Anatomy of graft union

In the case of epicotyl grafting using G. tinctoria as
rootstock (Plate 19), thick callus formation was found only
from the stock portion while the scion (G. cambogia) did not
produce any callus tissue. The damaged cells of the scion at
the cut surface turned brown and formed a necrotic layer which
persisted at the graft union even after 90 days of grafting.
Similar to epicotyl grafting, callus production was noticed
only from the stock portion i.e. from G. tinctoria in softwood
grafting. Here the number of layers of callus cells found in

the union was lesser than the epicotyl grafts (Plate 20).

When softwood grafts on G. cambogia were studied, it
was observed that callus was formed from both the sides viz.,
stock and scion and the callus was not very thick, unlike the

grafts on G. tinctoria rootstock (Plate 21).

In double grafts on two seedlings of G. tinctoria
(Plate 22) the anatomical studies revealed that callus proli-
feration from the stock portion was very intensive while the
scion portion produced no callus at all. When the double
grafts on G. tinctoria and G. cambogia (Plate 23) were studied,

it was found that active callus proliferation occurred



Plate 19 Cross-section of epicotyl graft on Garcinia tinctoria

SC - Scion

C - Callus

Plate 20 Cross-section of softwood graft on Garcinia tinctoria

ST - Stock
SC - Scion

C - Callus






Plate 21 Cross-section of softwood graft on Garcinia cambog
SC - Scion

o - Callus

Plate 22 Cross-section of double graft on Garcinia
tinctoria + Garcinia tinctoria
ST - Stock
SC - Scion

C - Callus






Plate 23 Cross-section of double graft on Garcinia

tinctoria + Garcinia cambogia

ST - Stock
SC - Scion
C - Callus

Plate 24 Cross-section of double graft on Garcinia
cambogia + Garcinia cambogia
ST - Stock
SC - Scion

C - Callus






Plate 25 Absence of callus production between stock and

scion
ST - Stock
SC - Scion

Plate 26 Excessive callus production between stock and

scion

C - Callus






Plate 27 Degenerated phloem of the scion

DP *“ Degenerated phloem

Plate 28 Formation of a thick necrotic layer between stock

and scion

NL - Necrotic layer
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from the étock side while the contribution of scion towards

callus proliferation was nil or very litte. On the other

hand, when grafts were made on two seedlings of G. cambogia
(Plate 24) and sections of the grafts were examined it was
confirmed that callus proliferation occurred both from scion

and stock and was about egual from both the stock and scion.

4.6.3 Reasons for graft failure

Examination of dried up grafts and grafts showing poor
giowth rate disclosed a wide gap between the stock and scion
(Plate 25) owing to the absence of callus production between
the stock .and scion. Excessive callus production in between
the stock and scion with no p?oper cambial bridge formation
(Plate 26) was found to be another reason for graft failure.
In some grafts, the formation of a thick necrotic layer at the
graft union {Plate 27) was observed. The anatomical -studies
showed the phloem degenerztion of the scion (Plate 28) at the

graft union which was also assumed to be one of the reasons

for graft failure.

~
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DISCUSSION

In Garcinia cambogia (Kedumpufi), an important minor

fruit of Kerala's homesteads, research on propagation has not.
made any headway. Generally, it is propagated by seeds
obtained from mature ripe fruits. Because of the disadvantages
of sexual propagation like wide variation in fruit type and
sex of the plant among the seedling progenies and long resting
period and seasonal availability of seeds, the seed
propagatién of G. cambogia can not be solely relied upon.
Therefore, a systematic study on a suitable propagation

technique in this crop has become a deepfelt need.

In some of the related species of Kodumpuli viz.,

mangosteen (G. mangostana), kokam (G. cambogia) etc.
encouraging findings have been reported in the field of
vegetative propagation. Taking into account these promising
results in these close relativés of Kmﬂmmuﬁil the present
series of studies were undertaken on its methods of propagation
with special emphasis on eéicotyl and softwood grafting in the
Department of Pomology gnd floriculture, College of
Horticulture, Vellgnikkara. These studies are the first of
its kind, though some isolated attempts have been made at the

District Agricultural Farm, Thaliparamba and R.A.R.S.,

Kumarakom (personal communication).

L
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In the present study, two species of the family,

Guttiferae, viz., G. cambogia and G. tinctoria (Rajapuli) were

tried as rootstocks. Both ;he plants flower during the summer
season (March-April) aﬁd fruits ripen and seeds become
available during the rainy season (Juﬁe—July). Normally; the
seeds of G. cambogia take a long period of about seven months
for germination. Removal of seed coat hastens germination éf
seeds _in many of  the tropical crops. Stimulatory effect of
growth regulators like GA on germination of seeds has also
been widely accepted (Hartmann and Kester, 1989). The results
of fhe present study concerned with various factors in&olved
in seed germination and vegetative propagation methods 1like
epicotyl, softwood and double graftingr of G. cambogia are

discussed hereunder.

5.1 Effect of seed coat and GA on germination of G. cambogia

seeds

It was observed that the seeds from which seed coat
was removed recorded higher and faster germination compared to
seeds with intact seed coat. The difference in the time taken
for starting the ge;mination between these two groups was
about 28 weeks. On an average, seeds without seed coat took
one to four weeks for attaining 50 per cent germination while

seeds with intact seed coat required 31 to 36 weeks for .the

same, after sowing. From the beginning of germination, seeds

09
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without seed coat completed germination within five weeks
while the seeds with seed coat took seven weeks for the

completion of germination. These facts led to the conclusion
that in the case of seeds with seed coat, germination was-
deléyed as well as staggered compared to seeds withéut seed
coat. When the final germination percentage in different
‘treatments including two controls was studied, it was found
that the seeds without seed coat recorded comparatively higher
values. Simao (1960) and Subramanya and Reddy (1989) also
found that germination was enhanced and germination percentage
was improved in mango stones by dehusking. Ilyas (1978)
showed that dehusked clove seeds star£ed germination 16 days
after sowing while the normal seeds germinated only after 27
days. Germination percentage was also increased in this case.
From the present study, it.could be revealed that the reason
for the delayed germination and lower percentage of
germination of seeds in this crop might be due to the presénce
of mechanically hard seed coat. Therefore, the beneficial
effect of removal of seed coat on seed germination might be
due to the removal of mechanically hard seed coat itself or

the toxic metabolites present on the seed coat as reported by

Hartmann and Kester, 1989.

Studies carried out to know the effect of different
concentrations of GA on germination revealed that though the

treatments found to differ significantly from control, all the
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concentrations of GA tried (200 ppm, 300 ppm and 500 ppm) were
on par, except in the 2nd, 3rd and 4th weeks. In these weeks,

GA 500 ppm showed significantly higher percentage of
germination. The treatments of seeds with GA at any
concentration significantly improved the germination
percentage over the control. Different soaking periods also
showed significant results on seed germination over the.
control. Among the different soaking periods 12 h soaking was
found to be superior to others. However i8 h soaking was on
par with 12 h secaking. 1In many tropical fruits like jack,
cherimoya, nutmeg, cashew and guava, it has been found that GA
treatment could enhance and improve seed germination
(Farooqui et al., 1971; Duarte et al., 1974; Mathew, 1979;
Shanmugavelu, 1985; Kumar et al., 1991). The study on the
action of GA on seed germination indicated that GA accelerated
the enzyme reaction which hring about the break down of starch
and it is the first step of germinatioq (Hartmann and Kester,
1989). The soaking treatment also could leach out the toxic
metabolites from the seeds (Basu et al., 1975). Perhaps these

might Le the possible reasons in the present study also, for

getting an early and higher germination percentage.

In order to obtain an overall comparison, the -
interaction effect of various factors were analysed. When the

interaction of three factors, viz., seed coat, soaking periods

and concentrations of GA was considered it was clear that the
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interaction effect was significant only at the first week. 1In

order to attain the maximum germination within one week
(53.333) seed cocat remova: and seed soaking with 500 ppm GA
for 12 h or 18 h could be .adopted. However, to preﬁent
wastage of time, a combination of seed coat removal and seed
. soaking with 500 ppm GA for 12 h could be practised. In spite
of the hmogenity of treatments after the first week, seed coat
removal and soaking with Jj00 ppm GA for 12 h and 18 h gave
higher pércentage of germinagion (90.667 and 93.333 respect-
ively) compared to all other treatments. The similarity in
the effect of treatments on the basis of percentage of
germination after the first week of germination indicated that

the three factor interaction hastened the germination compared

to the individual effect of the factors.
5.2 Vegetative propagation

G. cambuogia finds a place in most of the

homesteads in Kerala. The popular method of propagation now

existing is by seeds obta.ined from mature ripe fruits. But

the seedlings exhibit heterogenity in tree characters and
manifest a long pre-bearing period. Unlike many other fruit
plants, seed propagation in this plant has an added

disadvantage of existence of dioecious plants among the

seedlings progenies.

2



Standardisation 6f an easy, simple and economic method
of vegetative propagation will not only expedite the
perpetuation of high yielding female trees but also elude the

waste incurred towards the maintenance of male trees till the

flowering stage. Practically, very little work has been done
to standardise the vegetative propagation methods in this
crop. Hence the present study was taken up to find out the

feasibility of vegetative procreation methods (like epicotyl,

softwood and double grafting) in Kodumpufi{ under Kerala

conditions.

’

The two recent and propitious methods viz., epicotyl
and softwood - grafting techniques which were reputed to be
‘'highly successful in tropical fruits like mango and jack
(Ratan, 1985; Radhamony, 1957; Jose, 1989X were studied in
this crop. 1In addition, success of double grafting engaging
two rootstocks was also studied. It is well known that
success of grafting is greatly influenced. by type of
rootstock, age of rootstock, type of scion and the season of
grafting irrespective of the method of grafting. Therefore,

work was initiated in this direction and promising results

have been obtained.

5.2.1 Type of rootstock

In the present study, two species of "the family,

Guttiferae, viz., G. cambogia and G. tinctoria were used as

(%]
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rootstocks. But at the epicotyl stage (10 to 20 days after

germination) G. cambogia seedlings attained a height of only 4

.to 6 cm and a girth of 0.4 to 0.6 cm which made it impossible
to perform epicotyl grafting. Therefore, for the assessment
of rootstocks, softwood and double grafting were considered.
Even in the case of softwood grafting, owing to the inherent
slow growthiéf the seedlings of G. cambogia at the initial
stage, it could be performed onlé on seedlings having at least
18 months age, whereas in G. tinctoria softwood grafting could
be started from two months onwards. It was observed from the
present study that in -~ softwood grafting, G. cambogia
rootstocks contributed higher percentage of success compared
to G. tinctoria rootstocks. Also, when- the growth parameters
like extension growth, girth and number of leaves of the.scion
were compared, the superiority.of G. cambogia over G. tinctoria
as rootstock was conspicuous. In the case of extension growth
of scion, a significant difference of 18 cm was shown by the
grafts on G. cambogia rootstocks. A notable increase in the
extension growth was noticed between the 2nd to 8th fortnights
and thereafter the rate was slightly retarded, whereas the
grafts prepared on G. tinctoria rootstocks showed an increase
of only 0.30 cm during the interval of ten fortnights. The
increase in girth of scion during ten fortnights was not very

conspicuous. A difference of about 0.40 cm was recorded in

grafts on G. cambogia whereas it was only 0.10 cm in those on



G. tinctoria. Number of leaves produced by the grafts on

G. cambogia was significantly higher. Scions grafted on

G. tinctoria rootstock retained the initial number of leaves
till the third fortnight and thereafter abcission was noticed.
At the same time those on G. cambogia, picked up growth and

produced about six new leaves during a span of ten fortnights

(Fig.2).

In the case of double grafting also superiority of

G. cambogia rootstock was confirmed. During the initial

stage, all the three combinations of rootstocks gave

—_—

statistically similar results in double grafts. When the

survival percentage was computed after 90 days of grafting,

superiority of G. cambogia rootstocks was evident. Double
grafts prepared by using two rootstocks of G. cambogia gave

about 52.50 per cent success while it was only 17.50 and 25.00

per cent respectively in the case of grafts on G. tinctoria

rootstocks and G. cambogia + G. tinctoria rootstocks.

Compatibility is one of the «crucial factoré in
grafting which ultimately affect the success and further
growth of the grafted plants (Popence, 1920). From this
study, it was evident that when same species was used -as
rootstock the chanqe of getting a better graft union and a

further vigorous growth was greater. This was found true in



Fig.2 Effect of different types of
rootstock on the extension growth and
number of leaves of the scion
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the relative species of G. cambogia viz., mammey apple,

mangosteen and kokam (Krochmal, 1970; Dassanayake and Perera,

1988; Hadangar et al., 1987, 1991).

5.2.2 Age of rootstock

When‘epicotyi grafting was performed on G. tinctoria
at three age groups, viz., lO, 15 and 20 days it waslobserved
that the different age groups did not show any significant
dlfference during the initial stage. Grafts made on 20 days
old G. tinctoria rootstocks showed significantly higher
percentage of survival after 90 days compared to the other age
groups. The study showed a positive relation between the age
of rootstock and percentage of survival of grafts. This was
in confirmity with the findings of stone grafting in mango by

Singh and Sreevastava (1981).

When softwood grafting was done on G. tinctoria (2, 3
and 4 months old rootstocks) and G. cambogia (18 months old
rootstocks) the final success ranged from 30.00 to 60.00 pef
cent. Here also, the different age groups of rootstocks did
not show any significant change during the initial stage.
But, after 90 days, softwood grafts on G. cambogia rootstocks
showed 60.00 per cent sSurvival which was significantly
superior to the other three age groups of G. tinctoria. Among

the different age groups in G. tinctoria, softwood grafts on
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two months old rootstock rendered higher percentage of

success. A decreasing trend was noticed in the final success

percentage with an increase in the age of rootstock. Similar
results were obtained in mangosteen {Dassanayake and Perera,

1988) and mango (Reddy and Melanta, 1988) softwood grafts.

The studies on the age of different rootstock
combinations on the success of double grafting revealed the
superiority of two seedlings of 12 months old G. cambogia both
after 60 and 90 days of grafting. When two seedlings of
G. tinctoria were used as rootstocks an age of 20 days gave
superior results than the rest of the age groups, while the

combination of one seedling each of G. tinctoria and

G. cambogia was used, ten days old G. tinctoria seedlings with

12 months old G. cambogia seedlings recorded higher percentage

of success. Nagawekar et al. (1984) and Subramanya and Reddy

(1989) also discussed the possibility of double grafting in

mango.

The influence of age of rootstock on the growth rate
of epicotyl, softwood and double grafts could be studied from
comparison of growth pargmeters. It was evident from this
comparison that epicotyl or softwood grafting on G. tinctoria
did not favour exténsion growth, girth or number of leaves of

the gréfts desirably, while softwood grafting on 18 months old

G. cambogia gave satisfactory results. When double grafting
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was carried out on two seedlings of 10,115 and 20 days old
rootstocks of G. tinctoria none of the grafts put forth any
new growth. When it was performed on one seedling each of
G. cambogia and G. tinctoria of three age groups (10, 15 and
20 days old G. tinctoria along with 12 months old G. cambogia -
in each case), the extension growth and girth of scion were
less than 3.00 cm and 1.20 cm respectively and number of
leaves produced on the scion was less than five, after ten
fortnights of grafting. When double grafting was done on two
seedlings of 12 months old G. cambogia, the extension growth,
girth and number of leaves of the scion were more than
12;00 cm, 1.60 cm and 9.00 respectively_(Tables 22 to 24).
Thus, softwood grafting on 18 menths old .g. cambogia
rootstocks or double grafting on 12 months old G. cambogia

rootstocks were proved to be superior.

An overall comparison of different methods of grafting
employing different types of rootstock revealed fhat epicotyl
grafting on G. tinctoria rootstock yielded the maximum success
percentage (Table 18). The percentage of success of softwood
grafts on G. cambogia rootétOCk was on par with epicotyl
grafting on G. tinctoria. As in the case of production of
significantly higher number of grafts, G. cambogia rootS£o¢ks
influenced remarkably on the growth of the scion. This was
clearly evident ffom the studies on the growth parameters of

softwood grafting using this (18 months o©0ld) rootstock. Here
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the scion produced an extension growth of 19.30 cm, a girth of
1.630 cm and 7.80 leaves. This extension growth of the scion
was significantly superior to any other method or age and type
of rootstock while the girth and number of leaves were on par

with those of double grafts using 12 months old seedlings of

the same rootstock. Though the present studies showed the

equality in the percentage survival of grafts between epicotyl

grafts using G. tinctoria rootstock and softwood grafts

employing 18 months old G. cambogia rootstock, the growth rate
of the former was very poor and it showed more or less a

static growth when the various growth parameters were studied.

The negative influence of G. tincteria rootstocks and the

synergistic effect of G. cambogia rootstocks on growth rate of
grafts were evident in double grafting also. Double grafts on
G. tinctoria seedlings and combinations of G. tinctoria and
G. cambogia rootstocks recorded relatively slower growth rate
while those on two seedlings of g._caﬁbogia rootstocks showed .

an extension growth of 12.770 cm, a girth of 1.60 cm and

produced 9.70 leaves within ten fortnights.
5.2.3 Type and age of scion wood

In G. cambogia, bhecause of its growth habit, three
types of scion materials were available. They were new flush

shoot (completely green in colour and about three months old},

past. season shoot (complefely brown in colour and about six
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months old) and past season shoot with a new sprout and a
plumpy apical bud (basally brown, green at the top and about

nine months old). These three scion materials when employed

for softwood grafting revealed the superiority of nine months
old scions on the percentage of success of grafts. Three

months old scion materials were also on par, but the former

one recorded 20 per cent more take than the latter while six

months old scions could produce negligibly lesser take. The

superiority of T (nine months old scion) was also evident
from the growth rate of scion. over a period of ten

fortnights, T, recorded an extension growth of about 15 cm

whereas it was only 10 cm in the case of Tl (three months old

scion). Girth of scion 4id not differ much. between the two
treatments during these fortnights. But in the case of
production of leaves, a remarkable difference was noticed

between the two scion wood. Compared to three months old

scion wood, leaf. production was almost double in the case of

nine months old scion wood during a span of five months
(Fig.3). The graft using three months old scion wood picked
up growth only after the fourth fortnight while those using
nine months old wood showed a faster growth rate from the
second fortnight onwards. ‘The superiority of nine months old
scion wood might be due tc the fact that, such type of scion
of reserve food and plant hormones

wood contains a good amount

owing to the presence of brown wood and - actively growing



Fig.3 Effect of different types of
scion wood on the extension growth and
number of leaves of the scion
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leaves or buds. In three months old wood, eventhough there

was actively growing leaves and buds, the amount of food

reserve might be comparatively 1less which might have
attributed to its slower growth. _In the case of six months
old wood, the plant hormones which are necessary to activate
the reserve food and thereby growth might be very less in
quantity because of the absence of well developed leaves and
puds. This might be the reason for lower success percentage
and growth rate of grafts using this type of scion. In
mangosteen Popenoce (1920) reported that seven months old scion
céuld be used in grafting on G. tinctoria to get effective
union. 1In softwood grafting of kokam, Hadangar et al. (1987,
1991) observed that terminal, greenish brown, five to six

months old twigs were successful. These findings clearly

indicate the influence of age of scion wood on the graft take.
5.2.4 Effect of season on the success of grafting

Resﬁlts of the experiment to find out tﬁe best method
of grafting and type and age of rootstocks, showed the
superiority of softwood grafﬁing by wusing 18 months old
G. cambogia roostocks nct only in the percentage of success
but also in the growth parameters of grafts. Experiments
conducted in this departnent on the tropical fruit crops like

mango and Jjack (Dhungara, 1984; Jose, 1989) and elsewhere
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revealed that season has got pronounced influence on the

success of grafting. Hence the study on the effect of season

on softwood grafts using G. cambogia rootstock f£ind relevance.

The data showed that season of grafting had a
significant influence in. determining the grafting success.
The monsoon season was proved to be better than the dry and
cold season. June grafting gave the highest percentage of
success after 30, 60 and 90 days of grafting (92.00, 87.00 and
84.00 respectively), while December grafting gave the lowest

success (43.00, 32.00 and 12.00 respectively) at these stages

(Fi§.4). Under Vellanikkara conditions, the rainfall. and
relative humidity were lligﬁ (993.10 mm and 88.00 per cent
respectively) and mean daily temperature was comparatively low
(26.8°C) during the month of June, 1991 while low rainfall
(0.20 mm) and relative humidity (64.00 per cent) were
experienced during December (Appendix I). High rainfall often
results in high relative humidity and 1low temperature.
Hartmann and Kester (1989) opined that high humidity was a
major factor to enhance the callus growth and graft union.
The results of the present study is also in confirmity with
this opinion. The results of this study led to the conclusion
that June 1is the besn: month for softwood grafting in
G. cambogia. Harmekar (19$80) showed that for epicotyl grafting

in jack the maximum success of 95 per cent was obtained in the
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month of June. According to Gunjate et al. (1982) success
ranging from 62.20 to 64.70 per cent was obtained from June to
September which was reduced in October (55.60 per_cent) and
November (35.56 per cent). When epicotyl grafting was done in
mango during June-July, the percentage of successful grafts

varied from 50 to 96 per cent (Maiti and Biswas, 1980). The

success percentage of softwood grafts when done in mid-June

was 100 per cent, however in mid-July the success was much
lower (76.6 per cenﬁ) as compared to mid-June (Singh, et al.,
1984). According to Jose (1989) the month of June was the
most suitable for both epicotyl (61.67 per cent) and softwood

grafting (5.00 per cent) in jack under Kerala conditions.
5.2.5 Effect of growth regu:ators on the success of grafting

The studies usiny growth regulators were conducted to

suggest improvements upcn softwood grafting of G. cambogia.

Initially, a preliminary trial was conducted to know the

effect of GA and IBA on the graft take in which they.were
sprayed'on grafted plants immediately after gréfting, each at
100, 250 and 500 ppm concentration. Itlwas observed from this
trial that the growth regulator sprays had no remarkable
influence on the graft teke compared to control. Hence in the
present study, GA and I3A were tried, each at 500, 750 and
1000 ppm concentration for scion dipping before grafting. The

study revealed that the naximum final percentage of success of



grafts (56.67). was the same for both the control and the
plants treated with 500 ppm GA (Table 30). Oﬁ considering the
extension growth of scion,. it led to the conclusion that
scions dipped in 500 ppm GA nmasﬁred the maximum extension
growth, after five months of grafting despite, this treatment
was on par with the control. After five months of grafting,
the scions treated with 500 ppm GA and those. not treated with
any growth regulator registered an extension growth of
22.22 cm and 19.30 cm respectively. When the girth of scion
was considered, no treatment could lbe recommended for
increasing the girth of grafts. After five months of
grafting, all the treaﬁments including contrel were found to
be on par with each other. When thé number of leaves of the
scion was taken as a basis for evaluation of the treatments,
GA 500 ppm was found to give higher values similar to the case
of extension growth. Here also, the treatment was found to be

on par with the control. After five months of grafting, the

treatments, GA 500 ppm and control, registered 9.40 and 7.80

leaves, respectively.

Thﬁs, the present studies indicated that the growth
regulator treatments had¢ nc beneficial effect on the graft
take as well as the growth of the grafts. Among the growth
regulator treatments, GA 500 ppm had almost similar effects to

the control while the other treatments had -only adverse effect

4
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on the grafts. When the concentration of GA and IBA increased
from 500 to 1000 ppm, the intensity of undesirable effects
with respect to the percentage success, extension growth,
girth and number of leaves 6f the grafts also increased. It
can not, however, be ruled out that the growth regulator will
not influence the graft take. Perhaps, the chemicals at the

concentrations tried might not be at the optimum level to

influence the graft beneficially. Hence detailed studies are

required to draw any conclus:on. Ratan (1985) opined that IAA

or GA at 100 or 250 ppm had no influence on the growth of the
grafts. Sreevastava et al. (1989) observed that the effect of
plant growth regulators in mango grafting was negligible.
Mathad et al. (1991) opined that GA had an adverse effect on
mango grafts. They also found that untreated grafts recorded

the highest. percentage of success compared to the treated

ones.

5.2.6 Anatomical studies

Compatibility is ore of the important factors which
determine the success of grafting. Even if compatible stock
and scion were used the yraft failure may occur due to many
reasons. Anatomical studies can establish some possible

explanations in this regard. Mechanism of healing of the

graft union not only depends, to- a large extent, on the

activities of the cambium ard vascular tissues but also on the
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guantity, structure and origin of the callus tissue.
Moreover, some of the cells present in the cortex tissue will

hasten the formaticn of a smooth union (Fahn, 1982).

In the stem structure of G. tinctoria, a number of

cells with gummy exudates were found. The gummy exudates in
the plant parts usually consisted of phenols and natural dyes
and the phenols of one species were found to have deleterious
effects on the cells of ancther incompatible species (Esau,
1972). In the grafts made on G. tinctoria the latex contained
in the laticifers might have acted.additively to this effect.
So, ir the grafts on G. tinctoria rootstocks, these phenols and

latex might be the two reasons for little or no callus

production from the scion. In the cortex of G. tinctoria

stem, numerous starch grains which form the reserve food were
also seen. The presence of these starch grains; found in
abundance, clearly explains the thick callus formed at the

graft union from the stoxk side when G. tinctoria was used as

rootstock.

The stem anatomy of G. cambogia revealed that the
cortical cells were almost free of gummy exudates. So the
problem of phenols was nct met with in the grafts prepared on

G. cambogia rootstock. Even if the content of laticifers had

some undesirable effect c¢n the graft union, it was not severe

because of the compatibi.itv of the same species. This might
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be the reason for the grafts made on G. cambogia rootstocks
produced callus from both the components, i.e., _scion and
stock (Plate 21). However this callus was not so thick
compared to the grafts on G. tinctoria rootstock because the-
starch grains found in G. cambogia which were confined to the
phloem were lesser in number. When the epicotyl grafts and

softwood grafts on G. tinctoria were compared the softwood
grafts were found to produce lesser quantity of callus. This
might be due to the fact that the epicotyl region, being

tender, might be in the acfively growing stage and hence

respond faster to wounding.

The investigatior. on the reasons for graft failure
arrived at the conclusior. that graft failure could be resulted
from four general anatomical reasons. In some cases, failure
was due to the lack of callus formation even after several
days of grafting resulting in a wide gap between the stock and
scion (Plate 25). This was in confirmity with the findings of
Ratan (1985), Radhamony (1987) and Jose (1989). It might have
also been caused by the excessive callus Aformation at the
grafted portion as revealzd from the present study (Plate 26).
The excessive callus proliferation occurred from G. tinctoria
rootstock might have indirectly provided a compressive effect
to the phloem sieve tubas and xylem trachieds at the graft
union and ultimately led to the phloem degeneration of scion

(Plate 27) which is attraibuted as the third reasoh for graft
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failure. Luthra and Sharma (1946) also observed excessive
undifferentiated callus or other irregular growth at the union
'of the incompatible combinations of stock and scion. Hartmann
and Kester (1989) attfibuted the degeneration of xylem and
phloem of the scion owing to the incompatibility of components
as one of the reasons for graft failure. Another possible
reason for the graft faijlure is the formation of a thick
necrotic layer at the wounded surface of stock and scion
(Plate 28). This necrotic layer might have prevented the
cambial bridge formation which further hindered the formation
of vasculaf continuity between -the stock and scion. Jose
(1989) also found that formation of a thick necrotic layer at

the cut surface of stock and scion as one of the reasons for

graft failure.
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SUMMARY

An investigation was carried out ih‘the Department of
Pomology and Floriculture, College ° of Horticulture,
Vellanikkara_during the period of 1990-92 to standardise thc

epicotyl and softwood grafting in Garcinia Cahbogia. The-

following ekperiments were undertaken during the course of

investigation.

(1) Effect of seed coat and growth regulator treatment on

'germihatibn of G. cambogia. seeds.

(ii) Standardisation of type' and age of  .rootstock for

epicot&l} softwood and doﬁble'grafting;

(iii) Effect of type and age of scion wood oﬁ'the success of

grafting.

(iv) Effect of seasqnfon-the sucqéss‘of gfaffing.
(v) ~ Effect of growth regulators on the-suctesé.of:grafting.,
(vi)  Study of the anatomy_of'graft_union.

The salient findipgs.ére listed. below.

1. There was marked ;variation  in the time required
for germination between the seeds with and without seed coat.

In order to obtain a higﬁer peréentage‘of seed germination in
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‘this cCrop, éither the seed coat could bé rémoved or seed
treatment with GA could belgiven; For geﬁting‘an earlyiahd
highes. germination éeed cocat removal could belbetter'adopted_
than any growth reguiator treatmeﬁt. For further enhancement
of germinatiéh, tﬁe seeds could be treated with 560 ppm GA for
12 h. This treatment gave a gefmination percentagje of 90;667

within five weeks after sowing.

2. Trials on the vegetative propagatioﬁ'mgthods like
epicotyl, softwood and double grafting revealed that épicotfl 
grafting (on.lo, 15 ana 20 days old rootstocks) and softwood .
grafting (on 2, 3 and 4 months old rootstocks) could not be
done using G. cambogia rootstock because tﬁe”rootstocks wére
too small in size to.perform grdfting'at these stages. When.
softwood grafting was done  on 18 monéhs old G. cambogia
rootstocks a remarkably. higher percentage' of success was
obtained after 90 days of y afting. The treatﬁent also proved
its superiority when the exténsioh‘érowth, girth and number of
leaves of scion were considered. ‘This treatment. was followed
by aoﬁble grafting on tﬁo seedlings-of G. cambogia (12 months
old) with respect to the superiority in the exténsion growth
and girth oﬁ‘scion. Wﬁen the pergentage,of success was taken
into consideration, epicotyl grafting on G. tinctoria (20 days
o0ld)} rocotstocks gave a higher pefcentage of success (75.00).
Still this treatment could notl be recommended as a method for
vegetative propagation in G. cambogia becaﬁse' of the poor

growth rate of the grafts. Apart from the softwood and double
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' grafts on G. cambogia all other  grafts registered a slow .

growth to be adopted as an economic method. .

37 _Tbe study‘to.find odt tbe best type.dnd egefof‘
SCion.WOOd revealed_that paét Season'ehoot with a neW‘eprout
and a plumﬁy'epical bud-(basally brdwn,'green at the top and.
abont nine months oid) prOVed to be the best ‘as far as thep
percentage of succeés{ extens;on growth, glrth and - number of
leaves of the scionIWere‘concerned. %Thlsﬂtype_of scionlwood_'
recorded- 70;00 per cent- success. Among _tne mother 'scion'
materials six months old-wood produced no new grthh'at all

o

while three montbsold woodproduced comparably_better-results.

4. The - nvestlgatlon to find out the 'best eeason for
softwood.graftmng on G. cambogia led to the conclu51on that_
June is the best month followed by July, May, October,
November_and Decémber'l The success of grafts reglstered in .
June was 84. OO per cent followed by 80.00 per- cent in July and
75.00 per cent in May. Durlng the dry and_cold months llke:
October, November and December the percentage of success was

in the order of 56.00, 28.00 and 12.00 per cent respectlvely

_ 5.- The.Studies with”grthh regulators‘;ike iBA and”GA,
each at 500, 750 and 1000 ‘ppm. indicated that none of the
' treatments had'any beneficial effect on the graft take or the

growth of the grafts compared to control.
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‘6. The anatomical studies helped to draw the :
conclusion that ' the antagonistic effect of -G. tinctoria

seedlings as ‘rootstock for G. cambogia might bce, due to the

presence of gummy exudates and laticifers present in the stém'

structure. The inveétigation also éttr;buted the general ;-
anatomical reasons for graft failure. They were Fl) absence
of‘ callius production 'betweeﬁ the . stock and scion 'Whiqﬁ
resulted in a wide gap, (2) excessive callus production but no
proper formation of union_becauée of lack -of differentiatiOn
into cambium, (3) degeheration-of phloem of the scion and (4)
formation of a'thick nécfotic Iayer-beﬁween the schk and the-
scion. o

In nutshell, for getfiné a highef# and eaflier
germination in this crop, the seed coat could be rembvedrand
seeds coula be treatea-with'500 ppm GA for'lé h. éoftwood
grafting using 18 months old.G. cambogia and double grafting
using two seedlihgs of 12 nmnthsrdlq G. cambogia could ‘be
adopted as the mgst suitable methods of vegetative :
propagation. Among the different -fyPes of scion .maferial,
nine months old wood was found to give the best resuilts.
Grafting operation when. done in June gave higher percen;age af
sucCess'cﬁhpared to the operation duriny the other months.

G. tinctoria rootstocks were found to be incompatible for the

epicotyl, softwood or double grafting in G. cambogia. The_

anatomical reasons for graft failure were also discussed.
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Appendix-I

Monthly weather data during the course of investigation

vontns _ Mean temporature (1C) | Mesn i (1) ] fenrall
1991 1992 1991 1992 1991 1992
January 27.90 26.50  57.00 53.00 3.90 0.00
February 28.80 28. 20 51.00 65.00 0.00 . 0.00
March 30.70 29.90 66.00 61.00 1.80 ‘ 0.00
April 30.10 30.35  68.00 65.00 83.80 48.60
May ~30.30 29.30 70.00 73.00 56.10 90.60
June 26.80 26.90 - 88.00 : 84.00 993.10 979.80
July 26.00 86.00 : 975.60
August 25.90 ~87.00 533.30
September 27.60 ' 78.00 61.50
October 27.10 ' 82.00 | 281.70
November 27.30 75.00 191.30

December 26.60 . 64.00 ‘ 0.20




Appendix-ITI

Analysis of variance for the interaction effect of seed coat, periods of soaking and
‘ concentrations of GA on seed germination at weekly intervals

© " Mean squares at weekly intervals

Source df  —-———————————————_———— - —————————————————— e
1 2 3 4 5 6 7 8
- S . . %
Methods 1 4418.00 9022.72 19273.39 21840.50 13612.50 9067.56 3990.22 3990.22
. * * * * % * * *
Period of soaking 3 403.63 503.28 578.72 409.54  349.54 377.48 229.93 229.93
. * * . * % * * * . *
Concentration of GA 2 442,06 708.17 82.72 105.50 58.50 80.88% 33.56 33.56
; NS NS NS * o * NS NS NS
Method x period 3 74.15  -43.17 195.00 296.80 105.24 127.11 24.59  24.59
of soaking
] NS NS * * ‘ * NS NS NS
ggtggd x concentration 2 15.17 64.39 432.95 465.50  240.50 323.56 254.89 254.89
_ _ NS * * * * NS NS NS
Period of soaking x 6 273.04 321.06 450.72 270.09 186.26 145.48 253.70 253.70
concentration of GA
Method x period of : * NS NS NS NS NS NS NS

soaking x concentration 6 138.20 119.95 48.05 34.24 15.91 33.78 55.48 55.48
of GA

NS NS NS NS NS NS NS NS
Control vs. treatment 1 1849.09 14372.56 3775.07 2402.85 2274.33 2766.12 2168.53 2168.53
Error 52 33.64 90.00 90.00 80.36 119.44 137.03 122.67 122.67

* Significant at 5 per cent level



Appendix-III

Analysis of variance for the interaction effect of different types of rootstock and
methods of grafting on the extension growth, girth and number of leaves of scion
' _ : over ten fortnights

\ Mean squares over ten fortnights

Source af e i

2 Extension growth Girth Number of leaves
Treatment | 4 224.163% | 0.372* . 23.600%*
Error _ 45 12.228 . 0.029 2.350

* Significant at 5 per cent level



Appendix-IV

Analysis of variance for the interaction effect of different types and age of rootstock and
methods of grafting on the extension growth of scion at fortnightly intervals

Mean squares at fortnightly intervals
Source QE e e e e e e

_——————————————-—-—-—-.—--.—.___-—_—_———————.————-----—.—._-.--_-'————-——————--—--—t—o—_---..———-—————-—-.—.—.—u—-.—-———————n_—__—————————

Treatments 9 0.189 3.166 32.602 83.941 136.568 210.306 255.481 315.296 346.560 393.542

Erroxr 90 0.032 0.206 0.985 2.188 2.595 3.265 4.058 4.601 5.207 5.768

* Significant at 5 per cent level



Appendix-V

Analysis of variance for the interaction effect of different types and age of rootstock and
methods of grafting on the girth of scion at fortnightly intervals

Mean squares at fortnightly intervals

B Pt . et et B Bt e e S B P T o o Sy P A S S S S . S e S e T S Ty ey oy e o e e S o ——— o G T —— — ey e Sl ok S i L S S e G e A M S ey g S A S S g e e

Treatments 9 0.368* 0.342% 0.339% 0.354* 0.349* 0.351*% 0.399% "0.404* 0.467* 0.528%

Error 90 0.020 0.021 0.022 0.022 0.022 0.023 0.024 0.028 0.028 0.030

* Significant at 5 per cent level



Appendix-—VI

Analysis of variance for the interaction effect of different type
methods of grafting on the number of leaves of scion at fortnightly intexvals

s and age of rootstock and

Mean squares at fortnightly intervals

...————-.—--—_—_——.—._..-_.___.——...————--.—.—...—_——.—.—__—_.-._--————_——————_——————_—_—_——_——_—

——————.—.————————.—.————_—_.——_—_——....—-..——_—_.—-——————.—..——————_-—_—.___.-.--——__._.-_.————.-.—-———_—.__.—__—._--_—___h

Source df
1 2 3 4 5
o * * :* *
Treatments 9 1.938 1.600 2.623 7.173 11.751
Error 90 0,422 0.484 1.090 1.842 2.202

28.899  32.667  42.232

2.770

3.232

3.086

52.160

2.642

69.933

2.373

* gsignificant at 5 per cent level



Appendix~VIIX

Analysis of variance for the effect .of growth regulators on the extension growth of scion at
fortnightly intervals

Mean squares at fortnightly interxvals

e e e B B Bk e B e B e e e e e ek S Al S N TN N e T e e S e P — i S S - — e e o S A M — o —— T T - S T e F W e ey e e Ml SN N S M W St W Tt B W Ew e A Beh S e e e e e

Treatments 5 0.025 2.124 28.806 57.933 71.721 95.709 -93.984 107.534 108.006 129.508

Error 37 0.014 0.412 3.363 6.581 8.870 10.888 13.975 15.922 16.578 18.783

* Significant at 5 per cent level



Appendix-VIII

Analysis of variance for the effect of growth requlators on the girth of scion at
fortnightly intervals

Mean squares at fortnightly intervals
Source Af e e e e e e e e e e e e i e e e e e i e e e e i R A e At et e s o e

ey e e — . ———————————— T —— o o P . o Sy T oy s S . Sy ey, g o g Gt Py P A . ey Mt o s Gt o Pt Gy Gt ey e S R Gy e oy S et it e e M B o e it B Mt M e S S T W L Y W W ey Ty ey o o

' * * * % * * * * NS NS
Treatments > 0.116 0.111 0.102 - 0.090 _ 0.118 0.107 0.094 0.100 0.071 0.083

Error © 37 0.023 0.022 0.023 0.027 0.030 0.032 0.038 0.040 0.040 0.052

* Significant at 5 per cent level



Appendix-IX

Analysis of variance for the effect of growth regulators on the number of leaves of scion
' at fortnightly intervals

Mean squares at fortnightly intervals

Source df @~ ——————_————————_———_—_——
1 2 3 4 5 6 7 8 9 10
NS NS * ;. * * * . * * *
Treatments 5 0.015 0.232 3.191 6.637 15.388 19.800 14.293 14.462 15.074 -13.257
Error 37 0.024 0.142 0.772 1.771 2.671 3.613 5.116 5.080 4.954 4.938

* Significant at 5 per cent level



Appendix-X

Friedman two way analysis of variance for the effect of growth regulators on the
extension growth of scion at fortnightly intervals

Source aft Mean squares
Fortnights - 11.267%*
Treatments adjusted 5 66.958%*
Treatments x fortnights _ 40 1.057

Error ' 333 0.763




Appendix-XI

Friedman ranks for the effect of growth requlators on the number of leaves of the
scion at fortnightly intervals

Ranks at different fortnights -

Treatments = = =  ————mmmmm e
2 3 4 5 6 7 8 9 10
GA 500 ppm 3 8 5 .9 7 4 6 2 B!
GA 750 ppm 1 7 7 7 9 2 . 3 4.5 4.5
GA 1000 ppm 2 2 7.5 2 5 9 7.5 5 5
IBA 500 ppm 1 3.5 5 7.5 | 9 6 7.5 3.5 2
IBA 750 ppm 2.5 2.5 2.5 7 2.5 8.5 8.5 6 5

Control 1 7 8 6 5 9 3 3 3
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ABSTRACT'

‘The investigations on standardisation of softwood and

epicotyl grafting in Garcinia cambogia was carried out in the
Department of Pomology and Floriculture, College of
Horticulture, Vellanikkara, Trichur during the period,

1990-92.

The studies revealed that seed c&at removal or seed
treatment with growth regulators increased the final
percentage of seed germination compared tq control though
there was no significant difference between the treatments.
Seed coat removal could enhance the seed germination
remarkably. After the beginning of germination seeds with
intact seed coat completed germination within seven weeks
while those seeds without seed coat required only five weeks
for the same. in order to obtain an early and higher
germination, seed coat removal along witH seed soaking with
500 pprm GA for 12 h céuld be adopted. This treatment

registered 90.667 per cent germination.

Softwood grafting on 18 months old G. cambogia
rootstock was found to be the best method of vegetative
propagation compared to epicotyl grafting {(using G. tinctoria

rootstocks) rand double grafting (using different combinations





