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1. INTRODUCTION

Mango {Mangifera hidica L.) is the most important fruit crop grown in

India and is revered as the 'king of fruits' due to its delicious flavour and high

nutritional and therapeutic values. India is the largest producer of mango in the

world, occupying an area of 2.25 million ha with a production of 21.82 million

tonnes (NHB, 2018). In Kerala, even though mango is not considered as a

commercial crop, trees are inevitable components of every homestead. The state

has a rich collection of traditional mango varieties. Currently, mango is cultivated

in Kerala in an area of 79,496 ha with a production of 4.2 lakh tonnes (FIB, 2019).

The importance of mango cultivation is increasing due to great demand for

fresh fruits and processed products in the international markets. The area under

mango cultivation in India is increasing, but the pace of development is not

perceptible.

Mass multiplication of rootstocks from sexually developed seedlings,

which are highly heterozygous has caused non uniformity in mango orchards

(Srivastava et a/.,1977). Moreover, mango is propagated commercially by grafting

using random rootstocks of unknown pedigree. This practice has resulted in loss

of desirable characters over continuous years of cultivation and selection. Use of

vegetatively propagated clones from desired parents as rootstock could thus help

to overcome such issues. The growth potential and overall performance of

different rootstocks may be easily predicted at nursery stage itself by observing

various vegetative and growth parameter, which in turn helps to screen the

rootstocks at very early stage (Bhajan, 1987).

The introduction of polyembryonic rootstocks in the area of propagation is

of great importance since they produce one zygotic and several nucellar plantlets.

There are large number of polyembryonic mango varieties in Kerala (Naik et aL,

2000; Radha and Manjula, 2000).

In polyembryonic genotypes, the seedlings developed from nucellar

embryos are clones of the mother plant (true-to-type), regardless of the pollen

parent genotype. Hence they give more uniformity to the orchard, whereas this



zygotic plantlets showing variability are mainly preferred for breeding

programmes.

Identification of nucellar seedlings is usually done based on vigour.

However, some studies suggest that zygotic seedlings need not always be less

vigorous. In general the zygotic seedlings are smaller and weaker in nature than

the nucellar seedlings. Different methods viz.. flow cytometry, rootstock colour

test, examination of morphological traits, biochemical markers and isoenzyme

pattern analysis could not be employed commercially to discriminate both types

due to their varying degrees of reliability. Among various marker systems, the

codominant simple sequence repeats (SSRs) are quick and more efficient to

differentiate the zygotic and nucellar seedlings.

Standardisation of polyembryonic mango rootstocks for fi-uit quality,

dwarfiiess, stress tolerance and yield is important in view of the emerging issues

related to climate change and severe dearth of land area for cultivation. The

screening of seedlings at very early stage of growth can be confirmed through

certain selection criteria introduced by Majumdar et aL (1972). The various

vegetative and physiological parameters to predict vigour include leaf area,

stomatal count, chlorophyll fi-actions, phenolic content and anatomical

peculiarities especially with regard to xylem vessels. But the efforts in this regard

are limited. However, attempts have been made using indigenous mango

varieties of north and central Kerala to study the dwarfing potential (Marie,

2001; Shenoy, 2016) as well as histological and biochemical characterisation

(Babu, 2005).

Mango seeds are in general recalcitrant. Moreover, they are available only

during April- May months which are the drier parts of the year. So stone

germination and plant vigour are very low. Pre-sowing treatments could be the

best method to induce early germination, boosting growth, enhancing the seedling

vigour and reducing mortality (Rao and Reddy, 2005a; Shaban, 2010a).

Being a highly heterozygous and cross pollinated perennial crop,

vegetative propagation methods like grafting have to be resorted to get true-to-



type progenies and accomplish precocity in bearing. The mam grafting methods

used are veneer grafting, side grafting, stone grafting, soft wood grafting and

inarching.

It is important to study the success of these methods in various

commercially grown mango cultivars under different agro climatic conditions.

Nonetheless, its adoption and success would differ from cultivar to cultivar, as

well as region to region depending on the climatic conditions prevailing on a

particular area and plant factors viz., stock, scion etc.

Under Kerala Agricultural University, several attempts have been made to

standardize the various aspects of propagation by epicotyl grafting (Dhungana,

1984; Ratan, 1985 and Radhamony, 1987), softwood grafting (Geetha, 1993) and

veneer grafting (Dhungana, 1984). However, efforts made to evaluate the

performance of different propagation techniques in various plant propagation

structures are limited.

Under these circumstances, the present investigation entitled "Evaluation

of propagation techniques and rootstock studies of mango {Mangifera indica L.)"

were accordingly taken up with following objectives:

•  To screen local mango varieties/ collections for polyembryony.

•  To study the pre-sowing treatments, sowing position and age of stone

after extraction from fruit on germination of mango stones.

• To screen local mango varieties for use as dwarfing rootstocks.

• To study the effect of two propagation methods in three modified

environments on three varieties of scions.
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2. REVIEW OF LITERATURE

Mango has a long history of cultivation in India for over 4000 years.

India's heritage and culture is so much associated with mango that it has earned

the reputation of being the 'Apple of the tropics*.

Globally India leads in mango production as well as consumption.

However the potential of mango for its commercial production has not been fully

exploited. Selection of quality planting materials of improved varieties, adoption

of scientific practices right from planting to harvest including adoption of pre

sowing treatments, selection of appropriate vegetative propagation metliods and

higli density planting utilizing dwarfing rootstocks would serve to improve the

productivity. Ensuring uniform plant stand in commercial orchards is yet another

pre-requisite for optimizing productivity, for which polyembryonic rootstocks can

be utilized.

Unlike in other fruit crops, not much research work has been done to

screen the local mango varieties for polyembryony and to standardize rootstocks

and appropriate vegetative methods of propagation. Although Kerala, the land of

diversity, has a rich assemblage of local mango germplasm (Naik, 2000; Jyothi,

2000 and Simi, 2006) including polyembryonic genotypes, only meagre attempt

has been made so far to evaluate tliese types for their efficiency to be used as

potential rootstocks. Review of research works on polyembryony, germination,

rootstock studies and propagation techniques in mango and some other fruit crops

has been presented in this chapter.

2.1 Polyembryony in mango

It is a common trait in mango cultivars derived from South-Eastem Asian

ancestry (Singh, 1960) and is characterized by the development of more than one

embryo in a single seed, and all may be nucellar (Degani et al., 1993) or one may

be zygotic and the others, nucellar (Ravishankar et ai, 2004).

The phenomenon of polyembryony was first discovered by Anton Van

Leeuwenhoek in 1719 in citrus (Batygina and Vinogradova, 2007). Occurrence of

polyembryony in mango has been reported by many authors from different



countries (Sturrock, 1968; Schnell and Knight, 1992; Aron et al. 1998; Radha and

Manjula, 2000).

Polyembryony may arise due to the fonnation of embryos from embryo

sac cells other than egg, pro-embryo cleavage, activation of some sporophytic

cells of the ovule or formation of more than one embryo sac within the same

ovule. In polyembryony system, the most common way for formation of

polyembryonic embryo is by activation of some sporophytic ovular cells. The

adventive embryos are mainly arising from sporophytic maternal tissue i.e.

outside the embryo sac. in nucellarembryony, the embryos are developing from

nucellus tissue, which is the most common feature in many of the angiospenn

families of greater horticultural significance (Aleza etai, 2010).

The polyembryony is genetically controlled, and in mangoes, it is due to a

single dominant gene (Aron et al,, 1998). In polyembryonic genotypes, the plants

which are developing from nucellar embryos are clones of the mother plant (true-

to-type), regardless of the pollen parent genotype. Being true-to-type as the

mother parent, it will supposedly give more unifonnity to the orchard whereas

zygotic plantlets are mainly preferred for breeding programmes as they do not

maintain the same genetic constitution as that of mother plant (Abirami et aL,

2008). In polyembryony, the additional embryos arise as a result of the

differentiation and development of various zygotic and maternal tissues associated

with the ovule of seed. Earlier this phenomenon in angiosperms was regarded as

an abnormal feature but now it is considered as one of the desirable features in

fioiit crops like mango, citrus, rose apple, jamun, etc. to obtain true-to-type

planting materials (Raymond and Robert, 1999).

Introduction of polyembryonic rootstocks in mango has got more relative

advantages. The fact is that very meagre research have been attempted to

standardize the polyembryonic mango rootstock for fruit quality, vigour

management, biotic and abiotic stress tolerance and yield. The nucellar seedlings

of citrus and mango provide better clones of orchard rootstock than cuttings

(Bhojwam and Bhatnagar, 2000) and provide more consistent results in fruit

production.



The introduction of polyembryonic rootstocks may extend the mango

cultivation to those areas where the external stresses limit production and

potential yield. Also, many polyembryonic varieties can be used as potential

dwarfing rootstocks in high density orcharding system. In general, the

polyembryonic mango varieties are heavy bearers than the monoembryonic

varieties. Hence proper understanding and exploitation of this behaviour of a

particular variety will help to improve the germplasm pool of commercial as well

as local landraces and the yields of these varieties could be increased (Sturrock,

1967).

The mango stone germination and seedling growth of polyembryonic

cultivars were studied by Srivastava et al. (1980b). Tliey found the highest

germination (75.93 %) in Olour and the lowest (40.57 %) in Nekkare. The number

of planllets per stone ranged fî om 1 to 7 whereas, the number of embryos varied

fi'om 2 to 10. Vellaikolamban and Muvandan recorded more number of seedlings

per stone followed by Bappakai, Kurukkan and Olour. Earliness in germination

(16 days) was observed in Vellaikolamban, while cv. Pahutan recorded the

highest number of days (26 days) for germination. Vigorous growth was observed

in cv. Muvandan and Bappakai, while less vigorous nature with shorter intemodes

was observed in cv. Chandrakaran, Goa, Olour and Kurukkan.

Geeta (1993) reported that the germination percentage of polyembryonic

varieties, Puliyan, Chandrakaran, Olour, ThoHkaipan and Muvandan were

comparatively higher than the monoembryonic variety, Banglora. Among the

different polyembryonic varieties studied, Tholikaipan recorded the highest

germination percentage of 60.66 % followed by Puliyan (51.00 %). The

Chandrakaran recorded the lowest per cent of germination (29.33 %). The

monoembryonic variety Banglora recorded least germination percentage (5.67 %)

among all the varieties studied. The largest number of seedlings per stone (1.74)

was noted in Muvandan and the lowest (1.11) in Chandrakaran.

Singh and Reddy (1990) noted wide variations in the extent of

polyembryony among various polyembryonic mango cultivars and reported the

highest number of seedlings per stone in cv. Peach and Kurukkan. Khobragade et
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al (2000) reported the highest number of plantlets per stone in mango cv.

Kitchner (3.66) and the lowest in Nekkare (1.14). The extent of polyembryony in

different mango rootstocks at nursery stage was evaluated by Rao and Reddy

(2005b). They observed 338.00 per cent polyembryony in cv. Peach, followed by

EC 959862 (296.00 %) and 138.00 % in cv. Kurukkan.

Tlie comparative study of seed germination in monoembryonic var. Haden

and polyembryonic var. Manila done by Barbosa el al. (2009) revealed that var.

Haden germinated faster than var. Manila and Haden showed high germination

percentage (75.00 %). At all the giowth stages, the survival rate of Haden was

superior to that of Manila.

If a cultivar has more tlian 80 per cent polyembryony, the possibility of

obtaining nucellar seedlings increases and making it possible to have uniform

rootstocks (Santos el al.., 2010). Ochoa et al. (2012) studied the occurrence of

polyembryony in mango cultivars Ataulfo and Manila to distinguish the zygotic

and nucellar plantlets and found 97 per cent polyembryony in Manila and 95 per

cent in Ataulfo with an average of 3.4 and 3.2 embryos per seed, respectively.

Both the cultivars had 2 to 4 embryos in more than 80 per cent of their stones.

Abirami et al. (2011a) conducted an experiment to compare the fruit

characters, germination behaviour and seedling growth of twelve polyembryonic

and ten monoembryonic genotypes in mango. The results of the studies on

germination behaviour revealed that the monoembryonic genotypes were superior

over polyembryonic ones. The monoembryonic varieties Mallika and Amrapali

required the least number of days for germination (17.00 days), 50 per cent

germination (27.30 and 27.70 days), the highest rate of germination (0.032),

earliness index (1.53 and 1.52) and germination index (1.72 and 1.69). The

number of plantlets per stone ranged from 1.2 to 2.8 among the various

polyembryonic genotypes. The higliest extent of polyembryony was observed in

Peach, followed by Kurukkan and the least was in Vellaikolamban. Based on the

nursery evaluation, among the polyembryonic genotypes, Nekkare recorded the

highest seedling height (38 cm) and Starch recorded the least (13.10 cm). The

significantly higher fresh (30.50 g), dry weight of seedlings (14.80 g), vigour
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index based on growth (9477.00) and weight basis (2295.00) were recorded in

Nekkare, followed by Bappakai and Kerala 5, whereas the least fresh weight

(15.10 g), dry weight of seedlings (4.40 g), vigour index based on growth

(1489.00) and weight basis (358,00) were in starch. Among monoembryonic

genotypes, the highest seedling height (44.6 cm), fresh and dry weight (30.70 g

and 15.10 g). vigour index based on growth and weight basis (9807.00 and

2697.00) were observed in Bombay Green aiid the least fresh weight (20.80 g),

dry weight of seedlings (24.80 g), vigour index based on growth (2395.00) and

weight basis (806.00) were in Amrapali.

Sane ei al. (2015) studied the implications of polyembryony in

germination and growth of seven open pollinated mango cultivars. They reported

the highest germination percentage (75.85 %) in Bappakai, followed by

Vellaikolamban (73.80 %) and Kurukkan (73.70 %). The highest germination

index (0.87) was noted in cv. Nekkare. Bappakai recorded the highest seedling

vigour index (2000.00) on growth basis. The least mean germination time (1.49)

was in Kurukkan. The lowest germination percentage (35.44 %), germination

index (0.46), seedling vigour index (500.00) and least mean germination time

(2.68) was noted in cv. Peach. Percent polyembryony (84.39 %) was the highest

in Olour followed by Moreh and less than 30 per cent polyembryony was noted in

both in Peach and Nekkare. The polyembryony was moderate (59-64 %) in

Vellaikolamban, Bappakai and Peach.

Deepak et al. (2018) evaluated the germination characters of different

polyembryonic mango rootstocks. The results revealed that the lowest number of

da>^ for initiation of germination (21.33 days) and 50 per cent germination (31.78

days) as well as the highest percentage of germination (43.78 %) and rate of

germination (0.016) were observed in rootstock Olour. The cv. Vellaikolamban

recorded more time period for initiation of germination (29.11 days) and for 50

per cent germination (40.44 days) and recorded the least germination percentage

(36.89 %) and rate of germination (0.014).

Extent of polyembryony in salt tolerant mango rootstocks viz., Olour,

Kurukkan and 13-1 were investigated by Kumar et ai, (2018). The highest per



cent of germination (80.09 %) in cv. Kurukkan followed by Olour (75.10 %) and

the lowest in 13-1 (27.00 %). The extent of polyembryony was more in Kurukkan.

Out of 80.09 per cent stones genninated, 74.43 % were polyembryonic. However,

28.57 % stones produced two plantlets and 33.08 per cent produced three

plantlets per stone. Remaining 10.52 % stones produced four plantlets and 2.25

per cent stones produced five plantlets per stone, while, 25.56 % stones gave rise

to only one plantlet. Hence tlie extent of polyembryony in Kurukkan was 74.43

per cent followed by rootstock 13-1 (51.85 %) and the lowest in Olour (33.15 %).

Hence Olour is identified as weak polyembryonic rootstock.

2.2 Molecular characterization of polyembryony

Proper identification of sexual embryo from each hybrid seed is necessary

in order to preserve only the nucellar seedlings, which would help to maintain the

rootstock's genetic characteristics as well as to overcome the major constraints in

the area of fruit breeding especially in hybridization programme by eliminating

the nucellar ones to advanced generations (Kumar and Rani, 2013).

Contrasting reports exists regarding the vigour of zygotic seedlings of

polyembryonic mango genotypes. Srivastava et al. (1988) described the zygotic

plantlet as being the weakest in polyembryonic mango stones because it probably

degenerates due to competition with nucellar plantlets. Most polyembryonic

mango cultivars occasionally produce morphologically off-type plants that

presumably are zygotic in origin (Schnell and Knight, 1992).

Cordeiro et ai (2006) revealed that the zygotic one was the most vigorous

plantlet and he later confirmed this fact with RAPD marker. According to Rocha

et al. (2014) the zygotic (sexual) seedling need not always be weak. In certain

cases the sexual seedling will be vigorous and grow healthy along with vegetative

seedlings.

It is necessary to identify/ distinguish the zygotic seedling from the

nucellar population at an early stage, for which, various methods viz., rootstock

colour test (Furr and Reece, 1946), thin layer chromatography (Tatum and Berry,

1974), gas chromatography (Tatum et al., 1974; Weinbaum et ai, 1982),



biochemical markers (Sclinell and Knight, 1992; Truscott et al., 1993), isoenzyme

pattern analysis (Moore & Castle, 1988 and Degani et aL, 1993), examination of

morphological traits (Heam, 1977, Bhat et a!., 2010) and flow cytometry (Tusa et

al, 2002) have been tried. But none of these could be employed commercially due

to lack of reliability.

Morphological markers may be used to differentiate zygotic and nucellar

seedlings but the extent of accuracy is questionable. In genera! the zygotic

seedlings are smaller and weaker in nature. The plant height, leaf size or thickness

of stem alone could not be treated as a standard criterion for selection. The lateral

position and irregular shape of embryo can be taken into account to discriminate

nucellar seedlings from the zygotic one (Xiang and Roose, 1988; Cordeiro et al,

2006).

Various molecular markers have been employed in many fruit crops for

distinguishing the zygotic and nucellar seedlings (Rodriguez et al, 2004; Rao et

al., 2008). Discrimination of zygotic and nucellar seedlings obtained from single

seed can be emphasised through various marker systems such as ISSR (Tusa et aL

2002, Krueger and Roosse, 2003, Shareefa et aL, 2009; Golien et al, 2011),

RAPD (Rodriguez et al. 2005; Srivastava et al, 2010), Expressed Sequence Tag

(EST)-SSR (Rao et al, 2008) and SSR (Ruiz at aL, 2000; Yildiz et aL, 2013;

Begum et aL, 2013).

Investigations were carried out by Valenzeula et al. (1997) to identify

embryo type of fifteen mango cultivars using RAPD markers. Bulk segregant

analysis of polyembryonic and monoembryonic cultivars detected a specific

RAPD marker for polyembryony. In most cases the use of microsatellites is a

more efficient and simpler means to distinguish the sexual origin of citrus

seedlings and resulted in higher degree of polymorphism compared to isozymic

markers. Among various marker systems, the simple sequence repeats (SSRs) are

quick and more efficient to discriminate the zygotic and nucellar seedlings from

both selling and interspecific cross (Ruiz et al, 2000).
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The fact is that the zygolic seedlings from most of the citrus rootstocks in

open-pollination appears to have arisen from self-pollination (Moore & Castle,

1988). When the level of heterozygosity is low, it is very much efficient to use

SSR markers to distinguish the zygotic seedlings which were derived either by

open-pollination or self-pollination of autogamous rootstocks.

Microsatellite/ SSRs consists of 1-6 bp long monomer sequence that is

repeated several times (Joshi et al.y 1999).The strength of SSRs include the co-

dominant nature of alleles, high gcnomic abundance, random distribution

throughout the genome and polymorphic nature. They are very much simple to

handle and are characterised by high degree of reproducibility. SSR markers can

contribute to "direct allele selection', if they are shown to be completely

associated or even responsible for a targeted trait. The use of co dominant SSR

marker would be a more reliable way to differentiate the zygotic and nucellar

seedlings (Rafalski etaL, 1995).

Golein et al, (2011) recognized 67 hybrids and 160 nucellar seedlings

among 227 plantlets by using ISSR markers and concluded that ISSR analyses

were more efficient and reliable than other markers. Six elite landraces of mango

in Andra Pradesh were characterized for their genetic distinctiveness and

relationships with five of tlie choicest juicy cultivar at molecular level using 109

mango specific microsatellite markers (SSRs). Microsatellite SSR- 84 was able to

differentiate all of the 11 genotypes under study (Begum et al, 2012).

Among 18 stones of polyembryonic mango cv. Uba, the most vigorous

zygotic seedlings in six stones were obtained using ISSR primers by Rocha et al.

(2014) and concluded that the most vigorous seedlings are not always nucellar

one. Out of 14 SSR primers analysed, 9 primers had given uniform profiles

similar to tlie mother plant indicating the nucellar origin of seedlings in mango cv.

Moreh. The primers IIHR 11, IIHR 31 and IIHR 34 generated profiles

characterized by loss of band compared to the mother plant indicating the

polymorphism in 10 per cent of mango seedlings (Sane et al., 2015).
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Yildiz et al. (2013) conducted an investigation to differentiate nucellar and

zygotic individuals evolved from several crosses of citrus using SSRs primers.

They found that nucellar seedlings had showed similar banding pattern as that of

mother plant. The mandarin cv. Fremont and Robinson produced 36.91 and 31.09

per cent nucellar seedlings respectively. The occurrence of spontaneous sexual

polyembryony in 24 olive cultivars were characterized by Trapero et al. (2014).

The microsatellite analysis of DNA profiles showed that polyembryonic seedlings

in olive had sexual origin because of the identical and distinguishable profiles

fi*om the mother plant and this miglit be due to monozygotic cleavage after normal

fertilization.

2.3 Seed germination in mango and other fruit crops

Being a recalcitrant seed, the viability of mango stone is comparatively

low. There is only about 12-50 per cent germination when sown within a month

after extraction (Gill et al.^ 1985). The availability of fhiits are confined to mainly

one season. So the stones which are available during a particular season need to

be properly utilized and exploited in an effective way for raising strong, healthy

and actively growing rootstocks.

Usually the mango stones are available during April- May months i.e.

drier part of the year. Therefore the stone gcnnination and plant vigour arc

critically very low. In our country, mainly non-descriptive monoembryonic

seedlings are utilized for rootstock purpose (Patel et al., 2016). Hence there is a

great variation in stone germination, vigour and further seedling development

depending on the location and region, where tlie rootstocks are raised.

Generally the stones begin to germinate 12 to 15 days after sowing, but

may take about a month or even more to complete the germination. The sporadic

and slow germination in mango is due to the stony endocarp and consequently

seedlings take more time to attain graftable size. It is necessary to improve stone

germination and enhance seedling growth for synchronization, rapid seedling

ranergence and healthy rootstocks within a short period of time (Patel et al.,

2017). To achieve a perceptible difference in enhancing germination, rapid

emergence, boosting up of growth and reducing mortality, sowing positions (seed
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orientation), age of stone after extraction from fiuit and various pre-sowing

treatments need to be taken into coirsideration.

2.3.1 Effect of sowing positions

Sowing of seeds at proper position and depth is one of the most important

nursery operations as it affects the germination and subsequent growth of the

plant. The planting of cashew with the stalk end upward position and inclined at

an angle 45® to the soil surface was best and resulted in high germination rate

(Gamer and Chaudhri, 1976).

Good germination and vigorous seedlings plays a vital role in determining

the successful establishment of an orchard. Tlie energy required to complete tlie

germination process (emergence of radicle and plumule) is highly influenced by

genotypes and seed orientation in seed bed. This is because of tlie quantity of

stored nutrient as well as the positioning of micropyle. The stalk-end upward

position helps to place the micropyle in the most suitable position and resulted in

less requirement of germination energy for the emergence of radicle from the

embryo. It also enhance the accessibility of oxygen for the initial metabolic

process that produces energy for radicle emergence (Bewley, 1997). While the

inappropriate seed orientation could deny the oxygen needed for emerging

embryo which could lead to high production of pyruvate and ethanol in the plant

system and finally leads to the death of the emerging embryonic plants. It

ultimately leads to the poor germination and quantitative plant vigour.

Sowing of mango stones with plumule up position offered greater

advantages in germination than otlier methods of sowing viz., plumule down,

suture up, suture down and flat (Vijaya and Satyanarayana, 2004). Plumule-up

sowing position resulted the least number of days taken for germination (35.90

days) and the highest germination percentage (63.85 %) in mango (Chaudhari and

Patel, 2012). Hammed et al. (2014) reported tliat the Brazilian cashew cultivars

with medium sized nuts sown on both nut-side and with stalk-end up position had

hi^er germination percentage (86.70 % and 100.00 % respectively) and

quantitative plant vigour.
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With regard to seed orientation in seed bed, sowing of mango stones in

vertical position with convex edge upward markedly increased the germination

percentage over other methods of sowing viz., vertical position with convex edge

downward and the horizontal position witli flat side. The positive results might be

due to the straight growth of seedling without any curvature when planted on

convex edge upward in vertical position but the curvature was produced when

planted on the convex edge downward in horizontal position (Abbas et ai, 2015).

The seed orientation on the seed bed significantly influenced the seedling

emergence. The seedling emergence was quicker and more when the seeds were

sown in flat position, on their sides and with the radicle pointed downward in

Htchi (Zhang et ai, 2015).

2.3.2 Effect of age of stones after extraction from fruit

As tire age advances, rate of germination became progressively slower

(Corbineau el ai, 1986). Moisture content is a conclusive factor in maintenance of

viability and quality of recalcitrant seeds (Mc Donald, 2007).

The freshly harvested seeds had higher moisture content (85 % on dry

weight basis) that might be the probable cause for higher germination percentage.

Loss of critical moisture content during seed storage can cause alterations in a

series of metabolic processes which led to accumulation of free radicals and

resulted in onset of deterioration process (Patil and Krishna, 2016).

Teaotia and Singh (1971) noted cent per cent gennination in mango

cultivars Desi and Dashehari for freshly harvested stones. Chandra (1980) noted

that the open storage treatment of mango stones for 10 days after extraction of

pulp resulted in 85 per cent gennination. Tlie germination was drastically reduced

to 66 per cent at 45 days after harvest from pulp.

Krishnaswamy (1990) found 100 per cent germination in jackfhiit seeds

when stored in plastic tray and kept at room temperature for shade drying for 9

days. Kadam et al. (1994) studied the effect of various storage conditions and

periods of storage on seed viability and germination in Rangpur lime. More

viability and higher germination percentage was obtained when the seeds were

sown after fifth week of storage at room temperature. Chiesotsu et ai (1995)
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noted highest percentage of germination, survivability and least number of days

taken for germination in fresh seeds of jackfruit over seeds stored for 15 days.

The fresh seeds of mandarins exhibited highest seedling vigour as

compared to 30 days old stored seeds (Doijode, 2003). Chaudhaii and Patel

(2012) opined that there was decreasing percentage of germination in mango

stones with increasing sowing duration. The least number of days (24.67 days)

and highest germination percentage (74.72 %) were reported in freshly harvested

stones than stones sown 10 days and 20 days after extraction of pulp.

2.3.3 Effect of pre sowing treatments

For successful graft union, the selected rootstocks should be very healthy,

strong and actively growing in nature. Hence for producing healthy and vigorous

rootstocks within a short period of time, it is essential to concentrate much on

improvement of stone germination and enhancement of seedling growth. Being

recalcitrant in nature, mango stones are characterized by low viability. Besides,

mango stones have stony endocarp which slows down the germination and makes

it take more time to attain appropriate graftable size. Hence the pre-sowing

treatments could be tlie best way to induce early germination, boosting the

growth, enhancing the seedling vigour and reducing mortality (Rao and Reddy,

2005a; Shaban, 2010a).

Soaking the stones in cow dung slurry, water and aqueous solutions of

plant growtli regulators for 12-36 hours has been proved to be effective for

enabling quick germination, enhance percentage of germination and rapid

seedling emergence and growth (Muralidhara et aL, 2015). These treatments

shorten the period of emergence, protect the seeds from various biotic and abiotic

stresses and remove the obstruction in embryo growth. Synchronization in

seedling emergence and uniform crop stand can be achieved through such

treatments (Patel et al., 2016).

The chemicals like Gibberellins and Potassium nitrate had been

successfully employed for breaking the seed dormancy in numerous species and

also proved to be effective in accelerating the seed germination of non-dormant

types (Rao et al.. 2006 and Kumar et al.^ 2007), Lot of evidences are available to
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substantiate the effect of pre-sowing treatments (including non-chemical

treatments) that can make significantly higher differences in germination and

subsequent growth of seedlings.

The pre-soaking treatments of GA3 increased endogenous auxin content

and might have altered the enzymatic reactions, conversion of starch to sugars

involved in the germination and protein synthesis (Paleg, 1960). Application of

GA3 also stimulates vegetative growth by increased uptake of osmotic nutrients,

cell multiplication and elongation (Shanmugavelu, 1966). GA3 also has known

effects to overcome all sorts of dormancies viz., thermo-dormancy, photo

dormancy, dormancy imposed by incomplete development of embryo, as well as

certain mechanical barriers and presence of germination inhibitors (Diaz and

Martin, 1971).

The de novo synthesis of proteolytic enzymes like ribonuclease and a-

Amylase were induced by Gibberellic acid. Enzyme amylase hydrolyses the

endosperm starch, make available the essential sugars for growth initiation and

mobilization of endosperm reserves and also liberate chemical energy which is

essential for the activation of embryo (Copeland and Mc Donald, 1995). The stem

elongation is achieved by inducing the cell wall extensibility, stimulating the

synthesis and reducing the cell wall rigidity. More growth obtained from GA3

application was attributed to increased cell division and synthesis of lAA. The

cumulative effect of higher shoot lengtli, root lengtli and germination percentage

might have resulted in higher vigour of the seedling (Pawshe et al. 1997; Padma

and Reddy, 1998).

Pillewan et ai. (1999) revealed that stones of Neelum treated with tap

water for 24 hours followed by soaking in 100 ppm GA3 for 24 hours proved to be

the best in terms of vegetative grovdh and survival percentage of mango

seedlings. Higher germination percentage (90.00 %), early germination (12.15

days) and highest seedling emergence index (21.95) were obtained by pre-soaking

of sapota seeds in GA3 and ethrel each at 400 ppm concentration (Pampamia and

Sulikeri, 2001). Osmopriming in khimi seeds with 300 ppm GA3 recorded the

highest germination percentage. The highest seedling grovidh and vigour was
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obtained by 300 ppm GA3 treatment in khimi. Significant correlations were

obtained between germination percentage, growth and vigour of seedlings (Reddy

and Khan, 2001). Kagzi limepre treated with 80 ppm GA3 for 12 hours resulted in

better germination, significantly higher seedling height as well as more number of

leaves (Kalalbandi et aL, 2003).

Pre-soaking of mango stones of var. Alphonso with 100 ppm GA3 resulted

in the highest seedling height, girth and seedling vigour, whereas the significantly

higher fresh and dry weight was in var. Totapuri. (Rao et ai, 2006). Kumar et al.

(2007) reported tliat pre-soaking of mango stones with GA3 at 100 ppm exhibited

the higliest germination index and seedling height, which were on par with 3 %

Panchagavya, Water soaking, 3 % Amrit Pani and 1 % KNO3. Ber seeds treated

with 250 ppm GA3 recorded the highest plant height and intermodal length

(Rajwar et ai, 2007).

The significantly higher seedling growth was obtained from pre-soaking

treatment of 1.0 mM GA3 in papaya (Rodriguez et al.y 2008). Wankhede et al.

(2008) reported that khimi seeds treated with 50 ppm GA3 resulted in liighest

germination (92.31 %) followed by 75 ppm GA3 (89.76 %). Papaya seeds treated

with 2 mM GA3 for 60 minutes recorded the highest germination percentage

(Aslimore et ai, 2009). Sehrawat et al (2010) found fresh seeds as well as 24

hours accelerated aged seeds of papaya treated with GA3 at 1000 ppm resulted in

significantly higher seedling length, dry weight and vigour indices on both growth

and weight basis followed by GA3 at 500 ppm.

GA3 at 200 ppm for 12 hours reduced the time taken for completion of 50

percent germination in papaya (Anburani and Shakila, 2010), whereas 500 ppm

GA3 for 12 hours recorded tlie least number of days for completion of gennination

in papaya hybrid Mayuri (Barche et ai, 2010). Husked stones of mango

rootstocks viz., Zebda, Sukkary, Sabre and 13-1 treated with 200 ppm GA3 for 48

hours exhibited significantly better results with regard to germination and growth

parameters (Shaban, 2010a). The highest values for germination percentage, the

highest seedling length, seedling diameter and survival of saplings were obtained

for pre-treatment with 500 ppm GA3 for 40 hours in sweet orange (Pal and Dhaka,
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2010). The growth of seedlings in terms of height and number of leaves were the

highest for GA3 treatment at 200 ppm in mango (Munde and Gajbhiye, 2010).

Extracted mango kernels pre-treated with aqueous solution of 500 ppm

GA3 for 12 hours resulted in significantly higher seedling height and intemodal

length. This might be due to the triggering action of GA3 on cell multiplication

and cell elongation in the cambium tissue of the intemodal region (Aatla and

Srihari, 2013).

Stones pre-treated with 100 ppm of GA3 exhibited the highest

germination, plant height, number of leaves and seedling vigour indices (growth

and weight basis) in mango. Pre-soaking treatments with chemicals help to reduce

the time taken for initiation of germination and also removes the obstruction in

embryo which hampers the seedling emergence whereas alterations in growth

attributes by gibberllins mainly relates to its stem elongation properties

(Muralidhara et <3/., 2015). Mango stones dipped in aqueous solutions of 100 ppm

GA3 for 24 hours prior to sowing required the least number of days to germinate

and resulted in the highest percentage of germination (Patel et al, 2016).

Kolekar et al. (2017) found significant difference among various pre-

soaking treatments on stone germination and growth attributes of seedlings in

mango. Soaking of mango stones in 100 ppm GA3 for 12 hours required least

number of days (12.53 days) for initiation of germination, the higlier germination

percentage (85.67 %) and gennination vigour index (4.05). The noticeable effect

of GA3 on triggering the seed germination miglit be due to the significant role of

GA3 in activating alpha amylase enzyme which converts starch into simple

carbohydrates and liberate chemical energy which is essential for embryo

activation. The growth parameters like seedling height, number of leaves and leaf

area were also the highest in pre-soaking treatment with 100 ppm GA3.

Enhanced enzymatic activities and suppression of germination inhibitors

along with RNA synthesis as stimulated by KNO3 resulted in better germination.

KNO3 also promote various physiological processes that accelerate the

translocation of food reserves in the tissue which ultimately leads to the

production of new leaf primordia thus resulted in more number of leaves. Also the
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rapid accumulation of these food materials resulted in an increased seedling

diameter. Pre-soaking treatment of stones and kernels with 1 per cent KNO3 for

24 hours recorded the highest seedling height whereas those treated with 0.5 per

cent KNO3 for 24 hours recorded the largest number of leaves per seedling in

mango (Padma and Reddy, 1998).

Treatment combination of Azospirillum, Phosphobacteriaond KNO3 at 0.5

per cent concentration for 8 hours in fresh amla seeds recorded the higliest

percentage of germination, highest shoot length, dry matter production, root

length and seedling vigour (Rajanianickam and Anbu, 2001). Dubey et al. (2003)

stated that Khasi mandarin seeds treated with KNO3 at 2.5 % for 12 hours resulted

in the highest germination, seedling height and number of leaves per seedling. The

hi^est percentage of germination, root length and seedling vigour index in amla

was secured on treatment with 0.5 % KNO3 (Rajamanickam et al., 2004).

Tlie synergistic effect between and NO^* ions brings up the uptake of

both ions by roots. The ions play a vital role in many metabolic processes in

plant cell and act as an osmoregulator (Aatla et al.y 2014). The higher seed

germination and survival was obtained with KNO3 at 1 per cent concentration for

18 hours in aonla (Purbey and Meghwal, 2005).

Tlie stimulated effect of KNO3 on vigorous shoot growth of mango

seedlings might be due to more production of photosynthates as well as improved

translocation of assimilates through phloem to the root zone contributing to

increased root length. At tlie time of seed germination, there might be an

increased rate of the oxidation of nicotinamide adenine dinucleotide phosphate

during the process of respiration, led to more production of lengthy roots. The

significantly higher production of functional leaves as well as improved root

length might be resulted in overall assimilation and redistribution of

photosynthates within the plant system which in turn lead to improved seedling

dry weight and vigour (Kumar et al. 2007). Ber seeds treated with a combination

of Ca (N03)2 and ICQ ppm KNO3 were the best to increase the gemination

capacity (Laamouri et al, 2009).
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Mango stones osmoprimed with 0.5 per cent KNO3 was the best as it

resulted in the highest germination percentage (64.00 %) and seedling vigour in

mango. The enhanced germination might be due to the simulative effect of KNO3

by increased enzymatic processes and suppression of chemical inhibitors for

germination. Due to enhanced uptake of water and nutrients, greater seedling

emergence, germination percentage and photosynthetic rate could be achieved,

thus ensuring better root and shoot growth which ultimately contributed to highest

seedling vigour in mango (Aatlaand Srihari, 2013).

Mango stones pre-treated with 2 per cent KNO3 recorded the least number

of days (29.00 days) for 50 per cent germination, resulted in 14.90 per cent more

germination and the highest seedling height (23,61 cm) compared to control. The

increased plant height may be due to the synergistic effect of KNO3 on lAA

synthesis bringing about stem elongation. Besides, more growth could be

achieved throu^ KNO3 by inducing cell wall extensibility and loosening,

increasing cell wall synthesis and cell division as well as by reducing cell wall

rigidity (Reddy and Roddy, 2017).

In addition to synthetic chemicals, the naturally available bio products of

organics are also enriched with vital plant growth substances meant to enhance the

seed germination and boosting up plant growth. The role of bio-regulators are

well known in enhancing seed germination and seedling growth in numerous plant

species (Pampanna and Sulikeri, 2001).

Soaking of seeds in cow dung slurry for 24 hours resulted in higher seed

germination (66.83 %) compared to otlier pre-soaking treatments viz., 2 %

thiourea (47.25 %) and water (49.83 %) in Khimi (Shirol et ai, 2005).

The pre-soaking treatments with cow dung slurry resulted in rapid seedling

growth, which might be due to the presence of efficient water, growth promoting

substances (auxins), nutrients (both macro and micro nutrients) and bio digestible

enzymes. The treatment ultimately prompted softening of seed coat there by

effecting the radical protrusion in Carissa inermis (bush plum) (Prashanth and

Prakash, 2009).
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The mango stones soaked in cow dung sluny for 24 hours required the

least number of days for germination (34.78 days) and highest germination

percentage (64.33 %) (Chaudhari and Patel, 2012). The significantly earliest

germination (15.24 days), the highest germination percentage (66.11 %) and rapid

growth of seedlings were obtained from 12 hours soaking of Khimi seeds in a

combination mixture of cattle urine and cow dung slurry. The presence of

essential plant nutrients (N, P, K, Ca, Mg, S and other micronutrients), minerals,

plant protection substances and beneficial microbes in cow dung slurry may be the

probable cause for better seedling growth, more survival percentage and vigorous

growth (Shinde and Malshe, 2015).

Water soaking treatment is a very simple and inexpensive method which

hastens germination. The dead stones which floated on water could be discarded

before sowing thereby saving time and labour requirement. The critical soaking

duration is different for each crop and it should be less than the safe limit. The

early germinated seedlings produce deep root system and it facilitates better field

establishment of that particular crop (Harris et al., 2000).

If the seeds are normally slow to germinate, water soaking prior to sowing

may shorten the time for seedling emergence as the seeds get triggered to

germinate in presence of water. Tlie process of seed germination starts with

imbibition of water by testa or seed coat. The imbibed water either triggers

germination process directly by reacting with chemicals in the endosperm or

gradually washes away germination inhibitors which block the passage of water

channels to the endosperm (Hartmann et al., 1997). The highest seedling diameter

was obtained from water soaking of mango stones for 24 hours (Padma and

Reddy, 1998).

Pillewan et al. (1997) noted that mango stones of cv. Neelum and Totapuri

pre-soaked in water for 24 hours resulted in highest percentage of germination

followed by 150 ppm GA3 treatment. Eight hours water soaking ofjackfhiit seeds

(Prakash, 1998) and 24 hours soaking of stones of local Nagpur mango variety

(Pillewan et al., 1999) proved to be best for improving germination, growth and

survival percentage of seedlings.
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Singh et ai (2001) communicated that ber seeds soaked in water for 48

hours recorded highest percentage of germination both in seed bed (78.50 %) and

polythene tubes (51.25 %). The significantly higher germination rate was obtained

from one year old aonla seeds which were pre-soaked in cold water for 24 hours

(Rajamanickam et ai, 2002). The highest germination percentage was obtained

from de-coated seeds of jackfhiit soaked in a combination of tap water for 12

hours, kinetin at 100 ppm for 7 minutes and GA3 at 10 ppm for 10 minutes (Abd-

El-Zaher, 2008).

23 Dwarfing potential of mango rootstocks

One of the most important constraints in mango production is the huge

size of the trees (Campbell, 1991). The high cost of maintaining the tree size

througli various canopy management techniques can reduce the fruit production

and have severe impact on profitability of fruit production. In the recent past,

realisation of significance of dwarf trees has increased tremendously with the

introduction of the concept of higli density planting system (Urrutia and Elisea,

1997). The possibility of establishment of the high density/ ultra-high density

orcharding system mainly rely on the availability of low vigour cultivars. The

introduction of dwarfing rootstocks provides the possibility of reducing tree size

by checking excessive vegetative growth and facilitate early net returns without

increasing the input costs (Vaio et ai, 2012).

Dwarfing trees have the potential to curtail the tight competition between

the developing finits on one side and the requirements for the growth and

development of other parts of the plant. Hence much of plant*s energy is stored in

fhiits, which ultimately leads to better harvesting index. The net assimilation rate

and fhait quality can be improved by better utilization of solar radiation and the

quick translocation of assimilates from source to sink leads to higher productivity

(Tyagi, 1986). Besides, the dwarf trees also facilitate easy horticultural operations

viz., training, pruning, plant protection measures, etc. and thereby reduce the

labour cost. Harvesting can be easily employed from such trees with lesser injury

and better postharvest life could be achieved. There are several advantages for
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using dwarf rootstocks, such as easiness for harvest and fungicide spraying as

well as the reduction of fhiit loss at postharvest stage (Ramos et ai, 2004).

The field level investigations for the puipose of identifying low vigour

(dwarf) plants fitted for high density planting system require extreme long

duration for cultivation tests, large sized plots and laborious tasks. The

mechanism behind the vigour control by rootstocks were not clearly understood or

well explained thougli many hypotheses have been proposed (Webster, 2004).

Dwarfing effect may be attributed to limited water supply, partial

compatibility between stock and scion, production and translocation of hormones,

or the hydraulic conductivity of xylem vessels and other peculiar anatomical

features of tlie vascular system (Atkinson el al., 2003; Solari el ai, 2006; Zach el

al, 2010).

The screening of seedlings at very early stage of growth can be confirmed

through certain selection criteria introduced by Majumdar et al (1972). Besides,

various vegetative and physiological parameters were suggested to predict vigour

viz., stomatal count (Srivastava et al., 1980a), phenolic content (Babu et al, 1985,

Murti and Upreti, 2003; Abirami et al 2011b), leaf area (Rao and Reddy, 2005b),

chlorophyll fractions (Abirami et al, 2011b), and anatomical peculiariti^

especially with regard to xylem vessels (Majumdar et al, 1972; Tombesi et al,

2011; Hegazi et al, 2013).

23A Germination characters

Abiramic/ al. (2011b) conducted an experiment to study the relationship

between seedling vegetative and physiological parameters with vigour in some

monoembryonic and polyembryonic mango genotypes. Based on tlie nursery

evaluation, among polyembryonic genotypes vigorous rootstock Nekkare

recorded the highest seedling height (38.00 cm) and Starch recorded the least

(13.10 cm). The highest fi-esh and dry weight of seedling (30.50 g and 14.80 g)

and vigour index based on growth and weight basis (9477 and 2295) were

recorded in Nekkare, followed by Bappaka and Kerala 5, while the least fresh

weight (15.10 g), dry weight (4.40 g), vigour index-1 (1489.00) and vigour index

—II (358.00) was in Starch. Among monoembryonic genotypes, the highest
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seedling height (44.6 cm), fresh and dry weight (30.70 g and 15.10 g) and vigour

index based on growth and weight basis (9807.00 and 2697.00) were observed in

Bombay Green and the least seedling height (20.80 cm), fresh weight (24.80 g),

dry weiglit (10.40 g), vigour index- 1 (2395.00) and vigour index -II (806.00) was

in Amrapali.

23.2 Vegetative and growth characters

Vigorous rootstocks Goa, Kurukkan and Chausa resulted in the highest

stem growth, whereas Bombay Green and Totapuri Red Small showed the least

stem growth rate in mango (Majumdarc/ aL, 1972). Based on canopy volume,

Kurian and Iyer (1992) grouped the nine year old mango trees into least vigorous

(<14 m^), medium vigorous (14-25 m^) and most vigorous (>25 m^) on growth

basis and found positive correlation between length of new flush and

vigour.Kurian and Iyer (1997) conducted an experiment for the identification of

morphological traits related to vigour management in mango and revealed that

leaf area was a good indicator for imparting dwarfhess.

According to Iyer and Subramanyam (1972), plant height has positive

correlation with first extension growth and number of intemodes. Iyer and

Subramanyam (1986) found a positive correlation between intemodal length and

dwarfiiess. The less vigorous cv. Creeping showed the shortest intemodal length

(2cm) in mango. Plants with shorter intemodal length had dwarf stature in papaya

(Urn and Hawa, 2007).

Murti and Upreti (2003) pointed out the highest plant height (42.40 cm)

and number of leaves (24.20) in vigorous rootstock Muvandan and highest stem

girth (3.30 cm) in Bappakai. The least plant height (17.00 cm), number of leaves

(7.40) and stem girth (1.80 cm) were recorded in less vigorous Vellaikolamban,

followed by Kumkkan and Chandrakaran. Tliey found a positive correlation

between number of leaves and plant height with vigour at nursery stage and

revealed that it is a potential tool for assessment of vigour at early growth stage.

The variations in vegetative behaviour of rootstocks might be attributed to
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vigorous growth, genetic factors and leaf producing capacity which enhance light

reception in a belter way by plants which in turn accelerate leaf production.

The number of secondary roots might be used as a good indicator of

dwar&ess (Mukheijee and Das, 1976). Shaban (2010b) reported a positive

correlation between the root length and plant height in polyembryonic mango

rootstocks.

Singh et al. (1986) reported that dry matter content of shoot and root could

be a useful tool to assess the vigour of mango seedlings at nursery stage and they

exhibited positive correlation.

Abirami et al. (201 lb) reported tliat the higliest leaf area (34.50 cm^) and

root lengtli (17.20 cm) were observed in vigorous polyembryonic rootstock

Nekkare, followed by Bappakai whereas the lowest values were observed in

Starch (10.70 cm^ and 4.40 g respectively). Among the various monoenibryonic

rootstocks, the highest value was recorded in Bombay Green (39.60 cm^ and

18.60 cm respectively) followed by Dashehari whereas, the lowest value was

recorded in Amrapali (19.60 cm^ and 13.10 cm respectively). The difference in

values miglit be attributed to the genetic characters.

Shenoy (2016) conducted an experiment to identify morphological,

physiological and anatomical features associated with dwarihess in mango

varieties. She noticed the highest plant height (94.10 cm), intemodal length (10.27

cm), more number of leaves (98.00), leaf lengtli (21.99 cm), leaf width (5.53 cm)

and total leaf area (3051.43 cm^) in Kalapady at 12 MAS. More number of roots

were produced in Creeping (93.67). The root length (100.33 cm) and total dry

matter production (215.00 g) were the highest in Rumani. The Vellaikolamban

exhibited the least plant height (37.13 cm), intemodal length (3.20 cm), number of

leaves (17.00), leaf length (13.58 cm), leaf width (3.70 cm), total leaf area (68.85

cm^), root length (20.67 cm) and dry matter production (66.67 g). A high positive
correlation existed between intemodal length, number of leaves, leaf length and

width, total leaf area, number of roots, root length and total dry matter content

with plant height. Based on the findings, the Vellaikolamban was grouped under

low vigour (dwarf).
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Deepak et al. (2017) evaluated the vegetative growtli perfomiance of tliree

different polyembryonic rootstocks viz.. Nekkare, Olour and Vellaikolamban at

nursery stage.The highest seedling height (31.17 cm) and intemodal length (14.21

cm) were observed in Nekkare. The rootstock Olour recorded the highest number

of leaves (22.56), leaf length (22.8 cm), leaf width (5.77 cm) and leaf area (90.33

cm^). The lowest values for seedling height (23.72 cm), intemodal length (8.42

cm), number of leaves (15.04), leaf length (20.39 cm), leaf width (5.46 cm) and

leaf area (79.59 cm^) at 265 DAS were recorded in Vellaikolamban. They

concluded that the rootstock Vellaikolamban was less vigorous in growth, Olour

was semi vigorous and Nekkare was vigorous.The variation in growth potential of

different rootstocks might be attributed to stone characters as well as stone

gemiination rate. The stone weight of Nekkare and Olour was more tlian

Vellaikolamban, which might have led more vigorous growth of seedlings.

233 Physiological and anatomical characters

More distribution of stomata was found in vigorous rootstocks than the

dwarf ones. The young leaves were characterized with higher number of stomata

tlian the mature leaves (Eckerson, 1908). Chakladar (1967) adopted the stomatal

density technique for the first time in mango for assessment of vigour at nursery

stage and reported that this parameter might be a useful tool for easy forecasting

of growth potentials at early stage.

It has been evident from the research by Patliak et al. (1977) that the

photosyntliesis and stomatal density are mutually dependant and may increase the

photosynthetic efficiency resulting in more accumulation of photosynthates which

might be the probable reason for high plant vigour in plum rootstock. The highest

number of stomata was found in vigorous rootstock Dashehari while the least

number was in dwarfmg rootstock Kalapady (Srivastava et o/., 1980a). Higher

phenolics in apical buds seem to be associated with reduction in vigour and

dwarfing in mango (Iyer, 1991). Based on the evaluation of stomatal density in

different species of guava, a dwarf type Psidium chinensis resulted in the lowest

stomatal density (Saroj et al., 1997). The phenolic content, bark percentage and
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chlorophyll fractions were found to be very useful in predicting vigour of mango

rootstocks at nursery stage {Chadha» 1998).

Pandit et al. (2004) conducted an experiment with 21 different species of

apple to assess the plant vigour at nursery stage by leaf stomatal density

technique. The observations were recorded from both young and matured leaves

and found that vigorous rootstocks had more stomatal distribution than the dwarf

ones. According to the stomatal distribution, they grouped the rootstocks into

vigorous, semi- vigorous, semi dwarfing and near dwarfing. Among different

apple rootstocks. Mains baccata was categorized as vigorous; M baccata and M.

sargcnti were classified as semi-vigorous; M. eseltine. M. baccata, M.

sikkimensis, M. kindsomex, M. micromalns. M. Jloribimda. M. simcoe, M.

mandshurica and M. purpuria were classified as semi dwarfing and M. crimson,

M. robusta, M. seibolbii and M. orientale were grouped as near-dwarfing.

Abirami et al. (2011b) conducted an experiment to find the relationship

between physiological parameters and seedling vigour. The highest stomatal

density was recorded in vigorous polyembryonic mango rootstock Kurukkan

followed by Nekkare and Bappakai. The lowest stomatal density was found in

Starch. Among different monocmbryonic genotypes, the highest stomatal density

was in Bombay Green followed by Pusa Arunima and Dashehari whereas the least

was in Amrapali. They opined that stomatal density could not be a useful criterion

to determine the vigour of mango seedlings because the ultra-dwarf mango variety

Amrapali did not show any critical difference in stomatal distribution from very

vigorous rootstocks like Chausa and Langra. They found a non-significant

correlation between relative water content and seedling vigour in mango. The

polyembryonic vigorous rootstock Bappakai had more relative water content than

the others. Among various monocmbryonic genotypes, the highest relative water

content was recorded in Bombay Green and the lowest value was recorded in

Amrapali. High relative water content could be a useful criterion to determine the

drought tolerant mechanism. A negative correlation between bark percentage and

plant height was also observed. The least vigorous polyembryonic mango

rootstock Starch had more bark percentage than the most vigorous rootstock
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Nekkare. The lowest bark percentage was recorded in the least vigorous

monoembryonic genotype, Amrapali.

Mendel and Cohen (1967) conducted an experiment to study the starch

content in the trunk of citrus as a measure of graft incompatibility between scion

and rootstock. Seven different rootstock varieties each budded with scion

Shamouti orange and unbudded rootstocks were considered for tlie purpose of

comparison. They found a negative correlation between starch level in bark and

wood of stock with the tree vigour. But no correlation was found between the

starch content in scion varieties and vigour in citrus.

Gaudillere et al. (1992) conducted an experiment to determine the effect of

carbon partitioning in relation with tree vigour in young prunes. Tbree rootstocks

viz., Ishtara, Marianna GF8,1, and St. Julien Pixy 2879 which induce dwarfiiess

on vigorous graft combinations with two Prunus domestica scion genotypes were

considered for evaluation. After three years of planting, dry matter partitioning

and carbohydrate content were estimated from different parts of the plant just

before the bud burst stage. The relationship between carbohydrate and vigour

mainly depend upon the type of carbohydrate and the season. No relation was

obtained between the carbohydrate reserves of perennial plant parts with induced

vegetative vigour.

Reduced cell growth and metabolism are the general characteristics shown

by dwarfing rootstocks after grafting before any visible changes apparent in either

scion or rootstock. Usually lipid, amino acid and cell wall biosynthesis are found

to be down regulated, while degradation pathways of these compounds are up

regulated. In dwarfing rootstocks, cellulose and lignin biosynthesis pathways are

highly down regulated, accordant with reduced cell wall synthesis. The

imbalanced allocation of carbon highly influences the growth and development,

generally the starch reserves of roots are found to be catabolized when carbon for

metabolic pathways are limiting. More accumulation of starch in stem and roots

as well as reduced levels of glucose and fructose was found in apple dwarfing

rootstock M 9 relative to Royal Gala (Foster et al.y 2017).
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Babu et al. (1985) found a negative correlation between total phenol

content and vigour. They classified mango rootstocks based on the phenol

content. The cultivar Rumani had the highest phenol content whereas, the lowest

was in Chinnarasam.

Total phenol content of dormant apical bud of 24 varieties of mango and

chemically induced dwarfiiess by soil drenching with Paclobutrazol in cv.

Alphonso were assessed by Kurian el al. (1994). According to them the plant

height was inversely proportional to the phenol content of apical bud. Murti et al.,

(2000) stated that total phenols plays very significant role in vigour determination

of mango. The highest phenol content of leaves (59.10 mg/g) was recorded in less

vigorous polyembryonic cv. Vellaikolamban followed by Kurukkan (50.24 mg/g)

whereas, vigorous cultivars Bappakai (9.46 mg/g), Muvandan (22.46 mg/g) and

Alphonso (19.50 mg/g) had the least phenol content. Murti and Upreti, (2003)

found a significantly negative correlation between the total phenol content and

plant height.

The leaves and stem bark of dwarf genotypes of Iranian mahaleb {Pnmus

mahaleb L.) had higlier phenolic content than vigorous genotypes (Moghadam et

al, 2007). From the evaluation of 16 vigorous nucellar polyembryonic mango

genotypes, it was evident that the vigorous rootstocks had less phenol content in

leaves (Srivastav et al., 2009).

Marie (2001) conducted an investigation on dwarfing potential of

indigenous mango varieties of Kerala. She categorised the different varieties of

rootstocks into low growth potential (LGP) and high growth potential (HGP)

group. The stomatal density was the highest in Muvandan (HGP) whereas the

lowest stomatal density was in Vellaikolamban (LGP). The highest total phenol

content was found in cultivars Kalapady and Vellaikolamban (low growth

potential group/ low vigour group) while, the lowest phenol content was found in

cultivars Chandrakaran and Muvandan (high growth potential group).

The significantly higher phenolic contents in leaves and buds were

obtained from less vigorous polyembryonic mango rootstock Starch. The most

vigorous rootstock Nekkare, Bappakai and Kerala 5 recorded the least phenolic
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content. The less vigorous monoembryonic genotypes, Amrapali, Chausa and

Langra had more phenolic content in their leaves as well as buds, whereas

vigorous genotypes Bombay Green, PusaAninima, and Dashehari had lower

phenolic contents (Abirami et al., 201 lb). Among 11 apple rootstocks, the highest

phenolic compound was recorded in super dwarf rootstocks P 22 and P 61

(Kviklys etal, 2014).

Majumdar ct al (1972) classified the mango rootstocks based on the

vigour through the assessment of bark percentage. They classified Kurukkan,

Goa, Chausa and wild mango as vigorous as they had lowest percentage of bark

while, Olour and Totapuri Red Small were grouped under less vigorous with high

bark percentage.

Singh et al. (1986) found a negative correlation between bark percentage

and plant height. The highest bark/ wood ratio was reported in dwarf species of

guava but it was not a p^otential tool for predicting the vigour of plant at early

stage (Saroje/ al., 1997). Srivastav et al. (2009) conducted an experiment to study

the relationship between various physiological parameters associated with vigour

of mango seedlings. Total of 16 nucellar polyembryonic genotypes were selected

for study. Tliey found a negative correlation between stem bark percentage and

plant vigour.

According to Mendel (1951), the reduced transpiration rate is associated

with low vigour in citrus.

In stem anatomy, Mukhetjee and Das (1980) observed thidc bark in

Vellaikolamban followed by Ambalavi, Olour and Mylepelian whereas, the bark

was narrow in Dashehari. The xylem vessel number and vessel size per unit area

in vascular bundles and metaxylem area were the least in Vellaikolamban,

indicating the dwarfing potential.

Shenoy (2016) found a weak and non-significant correlation between

stomatal density and plant height in mango. The highest stomatal density was

recorded in vigorous cultivars Kurukkan and Rumani whereas, the cultivars

Bappakai was grouped under dwarf. Based on stomatal density, the dwarf cv.

Vellaikolamban was classified under medium tall. The highest phenol content was
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recorded in cv. Kalapady (58.20 mg/g) followed by Vellaikolamban (53.33 mg/g)

and the lowest value was recorded for cv. Muvandan (37.60 mg/g). A weak, non

significant negative correlation found between plant height and total phenol

content. A weak positive and non-significant correlation existed between bark

percentage and plant height. The lowest bark percentage was noted in cv.

Muvandan (9.90 %) while higliest was in cv. Creeping (16.64 %). The dwarf cv.

Vellaikolamban recorded the highest phloem - xylem ratio (0.78) and found a

negative correlation between phloem - xylem ratio and plant height.

The proportion of xylem and bark could be a useful tool to classify the

mango seedlings based on various vigour classes in the early stages of growth.

The vigour of mango seedlings could be attributed to high percentage of xylem

and negative correlation was observed between the bark percentage and plant

vigour (Majumdare/cf/., 1972).

According to Wang and Faust (1987), the dwarfhess in 10 year old

seedlings of hybrid apple cultivar (Gold Spur Delicious x Red Spur Delicious)

exhibited tlie highest phloem xylem ratio. Kurian and Iyer (1992) conducted an

investigation on 24 mango cultivars of different vigour groups. The results of the

study indicated that the hi^er primary phloem to xylem ratio of young shoots

were associated with low vigour. The width of cortex had no relationship with

plant vigour. There was a negative correlation between phloem to xylem ratio and

tree vigour. TTiis character could be utilized for screening of genotypes for tree

vigour at early growth stage. Hence based on phloem to xylem ratio, they

categorized the mango rootstocks into least vigorous (ratio >1), moderately

vigorous (0.6-1) and most vigorous (<0.6).

According to Santamaria et al. (2002), the dwarf cultivar Colin V-33

possessed lower vulnerability index than vigorous cultivar Fuerte and Mass in

avocado. Trifilo et at. (2007) found that the shoots of Leccino Dwarf had

narrower conduits than the vigorous rootstocks in olive. More than 90 per cent of

the conduits were <25 pm.
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Goncalves et al. (2007) detected a positive correlation between xylem

conduit and plant vigour in sweet cherry tree. The trees grafted on vigorous

rootstocks possessed higher xylera conduit than trees on the dwarfing rootstocks.

According to Raimondo et al. (2009), the dwarf olive rootstock 'LD' had higher

number of conduits and narrower xylem conduits than the vigorous rootstock

'LM\

Saeed et al. (2010) conducted an experiment to study the anatomical

features of stem, leaves and roots of citrus rootstocks belonging to different

vigour groups. Troyer citrange, rough lemon, swinglecitrumelo, sweet lime,

carrizocitrange, sour orange and flying dragon were examined to evaluate the

relationships between tlieir anatomical features and vigour. They concluded that

lower proportion of phloem both in stems and roots, larger xylem vessel elements

and low bark /wood ratio in the stem were found in vigorous rootstock rough

lemon than the less vigorous rootstock Flying Dragon. Also they revealed that the

number of xylem vessel elements had a negative correlation with plant height.

The characteristic difference in xylem vessels could be an important factor

that determine the dwarfing nature of graft-compatible peach rootstocks. Through

theoretical means, the estimation of dwarfing potential of specific genotypes can

be assessed by calculating the xylem hydraulic conductance based on the number

of vessels and dimensions per unit area of xylem. At the mean time by practical

means, the anatomical measurements of xylem may be useful indicators for

predicting the vigour of rootstocks during early growth stages (Tombesi et aL,

2010).

Tombesi et al. (2011) examined tlie xylem tissues which were taken from

shoots, trunk and roots of rootstocks derived fi-om tlie genetic cross between

'Harrow Blood' and 'Okinawa' peaches and the tissues were compared with the

vigorous 'Nemaguard' rootstock (control). They found that the dwarfing

rootstocks were characterized with fewer large xylem vessels and more number of

smaller vessels than the vigorous rootstocks. More vigorous rootstocks had higher
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weighted mean vessel diameter and noted more hydraulic conductance than the

dwarfing peach rootstocks.

Hegazi et al. (2013) discussed a possible way to screen the dwarfing

potential of different olive cultivars through stem anatomy. According to them,

good indication of dwarfing potential was xylem and phloem percentage as well

as xylem vessels percentage with different size classes. Based on the evaluation,

high dwarfing potential was found in cultivar Cairo?. Based on stem anatomy,

Rashedy et al. (2014) reported low phloem percentage, high xylem percentage

and high number of large vessels in vigorous mango varieties.

2.4 Vegetative propagation in mango

Mango can be propagated easily by various methods. Seed propagation is

mainly aimed for the production of rootstocks especially meant for improved

cultivars. Seedlings may require 6-10 years or even more to bear the finits and

quality may not be up to the mark. Such fruits may be smaller in size,

characterized with fibrous flesh, resinous flavour and poor colour development or

uneven distribution compared to the true to types. Hence desired cultivars can be

propagated either by grafting, budding or by other vegetative means. Those

grafted or budded mango plants will usually start bearing fhiits at the age of 3-5

years of propagation (Pinto et al.y 2017). As these retain the characteristics of the

mother plants, earlier fruiting and flowering can be obtained, and these plants

remain relatively smaller at initial growtli phase which in turn helps to

accommodate more number of plants per unit area and gives the yield quite earlier

with much higher net returns/ unit area. Hence various methods of grafting viz.,

veneer grafting, softwood grafting, epicotyl grafting, side grafting etc. are being

adopted with varying degrees of success rates (Hartmann et al., 1997). The

success of grafting techniques rely on the selection of desirable variety, method of

grafting, time of grafting, age of scion and stock, growing conditions of grafts,

nature of scion, scion defoliation period, nodes on scion, leaf retention on

rootstocks, length of scion, etc. (Akter et al., 2016).
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2.4.1 Effect of propagation methods

Singh and Srivastava (1980) reported tliat softwood grafting done on

August month recorded the highest graft success (90.00 %) in mango followed by

July (64.85 %). Dhungana (1984) revealed that the epicotyl grafting done using

four montli old scion during August month recorded highest fmal graft survival in

mango. No significant difference in survival percentage was observed in the case

of veneer grafting during August, September and October. Ratan (1985)

standardized the method of epicotyl grafting in mango and found that when 3 to 4

months old matured scion of 8 cm long, which were pre-cured for ten days and

grafted on five to ten days old mango rootstock at 6 to 8 cm height resulted in the

hi^iest percentage of sprouting and survival of mango grafts during July-August.

In mango, 95 per cent graft success was obtained when the seedlings were

propagated by stone grafting (4-6 days old rootstock) and softwood grafting (1

year old rootstock) and 84 to 97 per cent success was obtained from veneer

grafting (Srivastava, 1989). Singh et al (2014) conducted an experiment to

standardize the method of grafting in mango cv. Amrapali. Stone grafting done on

10^ August resulted in higher graft success.

Differential response of mango varieties to epicotyl grafting was studied

by Radha and Aravindakshan (2000). The highest survival percentage was

recorded for cv. Kalapady (84.50 %) and lowest for Mulgoa (39.60 %) at six

months after grafting. The cultivars Bangalora (71.50 %), Neelum (70.80 %) and

Mundappa (69.00 %) also recorded relatively Iiigh survival percentage. In order to

compare the growth rate of the grafts, the height of the plants were recorded at an

interval of six and twelve months after grafting. The significantly higher graft

height was recorded in Bangalora (36.50 cm), while lowest was in Chandrakaran

(26.30 cm). The highest graft height was recorded in cv. Bangalora (78.50 cm)

and the least was in cv, Chandrakaran (62.00 cm) at twelve months after grafting.

Jacob et at. (2001) evaluated the success of softwood grafting in some

commercial mango hybrids. They observed that less number of days for initiation

of sprout was recorded during the month of July, August, September and October,

The graft success in different hybrids showed significant variation in different
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seasons. Nair et al. (2002) studied the effect of different methods of epicotyl

grafting viz., wedge, whip, slice and veneer on graft success in mango and

obtained earliest scion sprouting in wedge method of grafting.

According to Islam et al. (2004), the highest growth of rootstock (2.74 cm)

and scion (15.20 cm), mean number of new shoots (2.13), number of leaves

(21.55) and final survival of grafts (68.76 %) were recorded in modified cleft

grafting followed by the cleft grafting. Sabeky (2005) reported that the highest

graft success percentage in mango was recorded in side grafting (65.80 %)

followed by softwood grafting (63.70 %) and the least success (47.50 %) was

noted in shield budding (47.50 %).

Epicotyl grafting witli 8 to 16 days old rootstocks was the best in mango.

More percentage of graft success was found in scion those were defoliated 4-15

days prior to grafting. In in-situ method of grafting, the young rootstocks with

brown leaf colour stage was the best to obtain the highest graft success (Patil et

al., 2006).

Earliest bud sprouting (13.00 days), highest graft-take (96.66 %) and graft

survival (90.00 %) were recorded in veneer grafting performed on l5'^July (Singli

et al., 2012). Singh et al. (2014) studied the growth and survival of stone grafts as

influenced by age of rootstock in mango. Stone grafting was performed by cleft

method using Amrapali as scion stick in the month of July-August on seedling

rootstock of four age groups i.e. 5, 10, 15 and 20 days. The graft height (24.40

cm), sprouting percentage (83.00 %) of scion and girth of rootstock (6.30 mm)

were found significantly higher on grafts made on 10 days old rootstock and the

least values were recorded for 20 day old rootstocks. The leaf length (17.12 cm)

and width (4.80 cm) were the highest on 10 days old rootstocks. The highest

percentage of graft survival was recorded in grafts made on 5 days and 10 days

old rootstocks.

Among different grafting methods, the higher success in stone grafting

might be attributed to the complete and much stronger graft union before bud

sprouting. The preservation of higher amount of stored food material in

cotyledons as well as the active growing stage of rootstock ultimately resulted in
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greater graft success in case of stone/ epicotyl grafting. The optimum and equal

rate of metabolic activities both in stock and scion enables the proper union of

grafts and higher graft success in mango (Singh et ai, 2014). The highest initial as

well as final success of epicotyl grafts were found in grafts made out of 15 days

old mango seedlings. With regard to the duration of pre-defoliation, 10 days prior

defoliation recorded best results (Upadhya et aU, 2014).

Kumar et a!. (2015) studied the effect of different propagation techniques

on survivability of mango. Among different methods, veneer grafting done in the

month of July recorded tlic Iiighest survival percentage (82.00 %), whereas the

highest graft survival percentage (47.66 %) was in epicotyl grafting. The least

number of days for sprouting was recorded in epicotyl gi*afting. The earliest

sprouting, higlier survivability of grafts and saleable plants, least percentage of

mortality as well as best vegetative growth performance were obtained in veneer

method of grafting done in the month of August in which the scion sticks wctc

defoliated 9 days prior to grafting operation in mango (Majeed et al.^ 2015).

Tlie highest graft success (91.59 %), survivability (88.75 %), earliest bud

breaking (11.10 days) and first leaf opening (14.22 days ) were found in cleft

grafting with the defoliation of scion 9 days prior to the grafting operation in

mango cv. Amrapali (Akter et al., 2016). The highest survival (66.75 %) and graft

success (62.00 %) of mango grafts were obtained from stone grafting whereas the

lowest survival (57.39 %) as well as success (53.50 %) were found in softwood

grafting. The best results obtained from stone gi-afting might be due to the high

relative humidity (88.30 %), congenial temperature (28.50 ̂ C) and fairly well

distributed amount of shower (51.5 mm) that prevailed during the month of

August under Bangalore conditions (Sampath et al, 2017).

Tlie better and early cambial union of rootstock and scion as well as the

firmness between the scion stick and stock held with each other without any

hindrance from the plant tissue resulted in early formation of callus which

ultimately resulted in early sprouting of grafts in veneer method of grafting

compared to the softwood and epicotyl grafting. Such grafts also made better

results in terms of vegetative growth as well as graft performance in mango cv.
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Dashehari (Sami-Ullah et aL. 2017). Highest graft success (80.00 %), survival

percentage (71.11 %) and growth of grafts in terms of higliest shoot length (14.99

cm), plant height, more number of leaves (14.85), highest scion girth (8.81 mm)

and stock girth (9.25 mm) were obtained by softwood grafting done on 15*^

September in mango (Kama et al., 2018).

2.4.2 Effect of Modified environments

Desai and Patil (1984) revealed that the stone grafted mango plants

maintained in glasshouse recorded the highest graft success (70.00 %) than the

grafts maintained in open condition (40.00 %). Jinturkar and Narwadkar (1989)

reported that the success of epicotyl grafting under glass house (51.00 %) was

found better than under tree shade (42.00 %) or in grafts maintained under

greenhouse (24.00 %) in mango. The higliest success percentage of epicotyl

grafting was obtained when the plants were maintained under specialized

structures v/z., glass house, mist chamber or thatched house where the relative

humidity, temperature and liglit are kept optimum (Reddy and Kohli, 1988).

Nair et al. (2002) explicated the effects of different colours of polyhouse

(white, blue and red), open conditions and various methods of epicotyl grafting

(veneer, wedge, whip and side grafting) on graft success and vigour of grafts in

mango. They revealed that wedge grafts maintained under red polyhouse recorded

earliest bud sprouting of scions (12.00 days), percentage scion take (97.78%),

graft success (86.70 %), graft heiglit (15.43 cm), leaf length (11.01 cm) and leaf

width (2.46 cm). Pandey and Singh (2002) reported significantly more graft

success and survival percentage due to the incorporation of polytube as an anti-

transpirant compared to the open condition in mango epicotyl grafts. Savani

(2006) recorded highest sprouting percentage of grafts in mango cv. Kesar under

polyhouse than the open filed condition.

Among different structural conditions v/z., shade net (50 % and 75 %

shade), ventilated poly house, open condition and partial shade under coconut

trees, the higliest sprout length (6.00 cm), total number of sprouted grafts (71.27

%), highest graft height (17.92 cm), number of leaves per graft (17.37), the least

number of days required for sprouting (12.11 days) and the highest graft survival
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(67.18 %) were recorded in the grafted mango plant maintained under naturally

ventilated polyhouse 90 days after grafting (veneer). The higliest survival

percentage of grafts under natural ventilated polyhouse might be attributed to the

climatic factors prevailing during the month of July (early part of monsoon

season) vfz., 32.69 -90.70 % RH, temperature range of 22-43 and 36.62 K lux

light intensity, which ultimately resulted in the more cambial activity both in

scion and the rootstock. At the same time, the selected scions seemed to be in a

physiologically very active condition which enables better sap flow (Sivudu ei aL,

2013).

2.43 Effect of scion varieties

Maiti and Biswas (1980) conducted an experiment to study the effect of

different scion varieties and types of scion shoot (defoliated or not defoliated) on

graft success of mango. They found that defoliated scion shoot of cv. Fazli

recorded the highest graft success (96.00 %) followed by the cultivars

RaneePasand (94.00 %) and Kohinoor (90.00 %). Pandey and Singh (2001)

elucidated the effect of scion varieties and time of epicotyl grafting on graft

success and survivability of mango. They revealed that pre-activated shoots of

four-to-five months old Amrapali grafted on 16^ August recorded the highest

graft sprouting, success and survivability followed by cultivars Mallika and

Dashehari. They opined that the variation in success of grafting among different

genotypes might be attributed to the genetic make-up which influences the

histological and physiological development within the particular grafts.

Radhamony et al (1989) elucidated the effect of different scion cultivars

on mango stone grafting for commercial propagation under Kerala conditions.

The scions of different lengths viz., 6, 8 and 10 cm of six cultivars were selected

for stone grafting onto an unnamed rootstock. The scion of cvs. Prior and

Banganappally (8 cm long) recorded the highest percentage of scion growth

(84.00 % in both cultivars). The lowest percentage of survival (12-22 %) was for

the cultivar Mulgoa with the scion length of 6 cm.

Geetha (1993) studied the influence of various polyembryonic mango

rootstocks on grafting and establishment of grafts. She revealed that Neelum and
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Banganapalli scions grafted on rootstock Puliyan resulted in the higliest survival

percentage of grafts. But the initial success was found better when Muvandan and

Chandarakaran rootstocks were grafted with Neelum during June. The poor graft

success was noticed for the combination of Chandrakaran - Banganapally and

Bangalora-Neelum. With regard to the growth parmeters, highest girth of stock

(1.92 cm) and scion (1.66 cm) and the sprout length (12.91 cm) were obtained

from the monoembryonic rootstock, Bangalora, grafted with Neelum either in the

month of July or August, whereas the polyembryonic rootstocks grafted with

Banganapally were less vigorous with respect to these parameters.

The highest graft intake was recorded in mango cultivars Mallika and

Khader during the September month, whereas the least graft intake was in cv.

Neeleshan. From the study, it was concluded that Mallika and Khader were the

most promising varieties for mango softwood grafting (Reddy et aL, 1996). The

success of veneer and cleft method of grafting at different graft heights were

evaluated by Kumar et al. (2000). More than 85.00 per cent of graft success, both

in veneer and cleft method was obtained when the scions of Dashehari variety

were grafted at grafting heights of 75 and 100 cm on seedling rootstock and botli

the methods were found to be equally successful.

At Kerala Agricultural University, Radha and Aravindakshan (2000)

conducted an experiment to study the response of different scion varieties to

epicotyl grafting of mango on commercial scale. The cultivars selected for the

study include Banglora, Alphonso, Bennet Alphonso, Mundappa, Kalapady,

Nadasala, Mulgoa, Prior, Banganapally, Chandrakaran, Neelum, Imampasand,

Jchangir, and Suvamarekha. The highest survival percentage after 6 months of

grafting was obtained from Kalapady (84.00 %) followed by Banglora (71.50 %),

Neelum (70.80 %) and Mundappa (69.00 %) used as scion while lowest was

recorded in Mulgoa (39.60 %) showing greatest variation among different

cultivars. Tlie growth rate of grafts in terms of graft height concerned, the highest

graft height after 12 months of grafting was recorded in Banglora (78.50 cm) and

the lowest was in Chandrakaran (62.00 cm).
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The success of softwood grafting in some commercial hybrids of mango

were evaluated by Jacob et al. (2001). The scion cultivars Arka Puneet, Arka

Aruna, Amrapali, Ratna, Mallika, Prabha Shankar and Sindhu were utilized for

the study. The least number of days for sprout initiation was recorded in Mallika

(11.74 days) and more number of days for Sindhu (19.57 days). The least number

of days for sprout initiation was recorded when the grafting operation was done in

the month of July, August, September and October. The grafting success in

different mango hybrid grafts varied significantly according to different seasons

due to the direct effect of environmental factors. But seasonal effect had much

influence on graft success than the varietal difference.

Tliree different types of propagation methods viz., splice grafting, cleft

grafting and budding were practiced in three commercial mango varieties such as

Palmer, Haden and Tommy Atkins during the winter period by Pereira et al.

(2004). The rootstock used for the experiment was cv. Espada. Cent per cent

success and establishment of grafts were found in splice method of grafting with

Haden and Palmer as scion. In cv. Tommy Atkins, 100 per cent establishment was

observed in cleft method of grafting followed by splice grafting (90.00 %).

Gurudutta et al. (2004) studied the response of four mango cultivars viz.,

Amrapali, Dashehari, Langra and Mallika towards mango stone grafting. The cv.

Dashchari used as scion showed vigorous growth and recorded tlie higliest scion

length and height of new graft, whereas cv. Mallika recorded the highest scion

girth six month after grafting (MAG) compared to all other varieties.

Prasanth et al. (2006) reported the least number of days for graft sprouting

(27.30 days) and highest graft survival (46.50 %) in cv. Khader, used as scion in

epicotyl grafting of mango. Alam et al. (2006) elucidated the effect of different

varieties of scion on graft success in mango stone grafting. They concluded that

the cv. Langra grafted onto 15 days old rootstock recorded the greatest graft

success (66.67 %) followed by Langra grafted onto 20 days old rootstock (53.33

%). The lowest graft success (10.00 %) was obtained from cv. BARI Aam-3

grafted onto 5 and 30 days old rootstock. The highest graft height (25.07 and
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24.73 cm) was obtained from cv. Langra grafted on 15 and 20 days old rootstock

respectively.

Jana (2007) conducted an experiment to study the response of mango

cultivars to top-veneer grafting technique. Mallika, Amrapali, Dashehari, Langra,

Zardalu, Tommy Atkins, Malda and Bombay Green were selected for the study.

The pooled data analysis during the year 2000 and 2001 indicated that the cv.

Tommy Atkins accounted for highest graft success (93.34 %), sprout length

(30.60 cm) and more number of leaves (22.95) at 90 days after grafting. The

largest number of sprouts were recorded in cv. Amrapalli (2.36). The highest N-S

and E-W spread was observed in Langra. With respect to tlie girth and height, all

the cultivars equally responded well. Ram et al. (2012) reported tliat tlic highest

graft success and overall performance of stone grafted mango plants were

obtained by using Amrapali as scion cultivar whereas the lowest success

percentage was recorded in cv. Lucknow Safeda.

Ajal and Kizito (2015) studied the effect of different scions on graft

success (splice grafting) and wound healing of mangoes under nursery conditions.

They found significant difference among scion varieties in scion length, time

required for bud sprouting and final plant survival under Uganda conditions. The

scion varieties Hire, Suu, and Kate were grafted onto rootstock Kagogwa. Tliey

found that the variety Kate was most compatible with rootstock Kagogwa

followed by Suu. The increase in length of scion had direct effect on graft success

because of the significant difference among the scion varieties. The Kate variety

recorded highest final survival (70.00 %).

Mahesh et al. (2017) studied the effect of different scions and grafting

time on graft survivability in softwood grafting of mango. Results revealed that

among different scion varieties, Baneshan recorded the highest graft survivability

(86.00 %), while Khader recorded the lowest pereentage (48.60 %) of graft

survivability at 90 days after grafting. The sofhvood grafting done on 15^^ August

was the best in terms of graft success and survivability whereas the least graft

success was obtained from the grafting done on 15^^ September. The variation in

graft success might be due to the difference in phenolic contents and differential
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capability of stocks in callus formation. The scion maturity is also an important

factor which decides the success of grafting.

The higher graft success in mango with different scion cultivars were in

the order of Ngwangwa (100.00 %), Zizi (60.00 %), and Sindano (52.50 %),

grafted onto rootstock Ngwangwa under Tanzania conditions. There was a

significant effect on stock-scion interaction with plant height, leaf area and root

collar diameter. Scion cv. Dodo grafted onto Ngwangwa recorded highest plant

hei^t at four months after grafting. Tfie scion cv. Ngowe grafted on rootstock

Zizi had significantly higher root collar diameter. The highest number of leaves

were obtained from the scion Alphonso grafted on Ngwangwa followed by cvs.

Ngowe, Tommy and Apple when grafted on rootstock Sindano (Minja et ai,

2017).

Sampath ei al. (2017) conducted an experiment to study the response of

selections of Kari Ishada mango cultivar to different grafting methods viz.,

epicotyl and softwood grafting methods. 10 Kari Ishada selections were utilized

for the study. Kari Ishada selection responded well to epicotyl grafting and the

selection *KIS-15' showed highest graft success (75.00 %) whereas the lowest

percentage of success was recorded in 'KIS-7' (40.00 %). The higher graft

survival was obtained in epicotyl grafting (6.75 %) than the softwood grafting

(57.39 %). The highest percentage of graft survival was obtained in 'KIS-15'

(69.15 %) and the lowest was recorded in 'KIS-7' (50.42 %). The variation in

graft success might be due to the difference in concentration of endogenous

phenolic component observed in different selections. Among the interactions,

epicotyl grafting done on 'KIS-15' recorded the highest graft success (85.00 %)

while softwood grafting done on 'KIS-7' recorded the least success (35.00 %).

The compatibility between the grafting methods and different scion varieties

might be the probable cause of higlier graft success.

Bobade et al. (2018) elucidated the effect of different scion varieties on

growth and biomass production of stone grafts in mango and they found

significant variation among the varieties. The highest graft diameter (0.81 cm),

fi"esh weight (16.29 g) and dry weight of shoot (8.75 g) were found in Kesar. The
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greatest sprout height (6.02 cm), shoot length (27.97 cm), length of tap root (35.30

cm), length of secondary roots (23.73 cm), fresh weight of root (8.41 g) and dry

weight of root (4.94 g) were observed in Mallika, closely followed by Kesar.

However the variety Dashehari recorded the highest leaf area (423.84 cm^) and it

was on par with Kesar (418.66 cm^) and Amrapali (404.34 cm^). The variety Pairi

recorded the highest stionic ratio (0.93) which was on par with Amrapali (0.91)

and lowest ratio was in Dashehari (0.79).
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3. MATERIALS AND METHODS

An investigation entitled 'Evaluation of propagation techniques and

rootstock studies of mango {Mangifera indica L.)" was carried out at the

Department of Pomobgy and Ftoriculture, College of Agriculture, VeHayani

during the year 2016-19. The investigation was taken vip utilizing twenty

indigenous mango varieties/ collections, collected from the homesteads of

different parts of Thiruvananthapuram district of Kerala. The present investigation

conprised of four experiments aimed to screen focal mango varieties/ collections

for pofyembryony, to study the pre-sowing treatments, sowing position and age of

stone after extraction from fruit on germination of mango stones, to screen focal

mango varieties for use as dwarfing rootstocks and to study the effect of two

propagation methods in three modified environments on three varfoties of scions.

In this chapter, the materials used and methods adopted for undertaking difeent

experiments are descrfoed under the following headings and sub-headings.

3.1 Screening of local mango varieties/collections for polyend>ryony

The twenty focal mango varieties/ collections from different parts of

Thiruvanantliapuram district were screened for pofyembryony. These trees were

geo-referenced. MicrosateHite ana^is of all the plantlets fr-om two varieties

which exhibited the highest per cent of polyembryony were done using twenty

SSR primers and their banding patterns were compared with those of their

respective mother plants.

3.1.1 Gco-rcfcrcncing of mango trees

The geo-referencing of each tree was done by using Maps Me appKcatfon

that was installed in android smart plx)ne. The longitude and latitude of respective

trees were recorded as listed in table 1.

3.1.2 Source of seed material

The seed materials were collected from the twenty geo referenced trees in

difeent parts of Thiruvananthapuram district of Kerala (Table 2) and these

varieties were screened for polyenforyony.
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Table 1. Geo-rcfercncing of mango trees utilized for the study

SL

No.

Genotypes Longitude (" N) latitude C E)

I Kotookonam Varikka 08"2ff 13.69-N 76"59'08.44'E

2 Thafi Manga 08''2635.4rN 76"59'00.9'E

3 VeDari Manga 08"25 44.19'N 76"59'09'E

4 K-ochu Kilichundan 08"25 44.19'N 76"59'09E

5 Unda Varikka 08"3S50.irN 76"5r54.65'E

6 Paiveli Local 08''3549.7'N 76"5r53.24-E

7 Vaziiapadiiti 08"25'30.0rN 76"59'19.85'E

8 Pandi Manga 08"25'57.57'N 76"59'09.41"E

9 Chanpa Varikka 08"2613.69'N 76''5908.44'E

10 Kili Manga 08"43'10.6JN 76''54'30.4rE

n Peraykka Manga 08"26 52.33'N 76"59'57.43-E

12 Sreekaryom Local 08"32'51.7rN 76"56'42.irE

13 Mylapoo 08"35 50.11'N 76"5r54.65'E

14 Kastliuri 08"2613.69'N 76"59'08.44'E

15 Attanari 08"25'57.59-N 76''59'09.4'E

16 Pakakkuri Local 08"32'34.33-N 76"53'13.77'E

17 Kuttara Local 08''43'10.63-N 76"54'30.4rE

18 VeHari Varikka 08"2530.0rN 76"59'19.85E

19 Kappa Manga 08"2S 57.57 "N 76"59'09.4rE

20 Nattumavu 08"32' 34.33'N 76''53'13.77'E

45



Kotookonani Varikka Thali Manga

Vellari Manga Kochu Kilichundan

Plate 1. Varieties screened for polyembryony



Kuttara Local Vellari Varikka

Kappa Manga Nattumavu

Plate 1. continued

-A



Mylapoo Kasthuri

I

Attanari Pakalkkuri Local

Plate ].continued



Champa V'arikka Kili Manga

Peraykka Manga Sreekaryom Local

Plate 1.continued



Unda Varikka Paiveli Local

Vazhapazhiti Pandi Manga

Plate I.continued



3.1.3 Location

The e?q)erimcnt was conducted at Instructional Farm, College of

Agriculture, Vellayani during 2016-18. The geographical co-ordinates of the

location of Vellayani are 8^ 5'N latitude and 76® 9'E bngitude with an altitude of

29 m above Mean Sea Level (MSL).

3.1.4 Experimental details

The experiment was laid out in completely randomized design (CRD) with

20 treatments replicated thrice. Fifteen stones were taken per replication fiom

different geix)types for the present study.

3.1.5 Methodology

The ipe mango fruits were collected from trees focated in different parts

of Thiruvanantliapuram district of Kerala. The stones were extracted from the fruit

and washed thorou^ily to remove the extraneous materials adhering to it. After

cleaning, the stones were immersed in water and allowed to sink to bottom of the

contaiiKr. Those stones which floated on the surfece were discarded and those

which settled at the bottom were utilized for the study. Then the selected stones

were dried under shade for one day. Twenty five stones of each variety were sown

in staDc end iq) position in large pro trays which were properly filled with a

mixture of red soil, sand, FYM (2:1:1) and labelled. These were placed in green

house at 15 cm apart The stones were irrigated immediately after sowing and

subsequently as aixl when required.
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Table 2. List of mango varieties screened for polyembiyony

SL No. Treatments Varieties

1 Ti Kotookonam Varikka

2 T2 Thak Manga
3 T3 Vellari Manga
4 T4 Kochu Kilichundan

5 Ts Unda Varikka

6 T6 Paivcli Local

7 T7 Vaziiapa^iti
8 Tg Pandj Manga
9 T9 Chami^a Varikka
10 Tio KiK Manga
n Tn Peraykka Manga
12 T,2 Sreekaryom Local
13 Tu Mylapoo
14 Ti4 Kasthuri

15 Ti5 Attanari

16 Ti6 PakaDckuri Local

17 T,7 Kuttara Local

18 T,8 Vellari Varikka

19 Ti9 Kappa Manga
20 T20 1 Natturaavu
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3.1.6 MicrosateDite analysis

3.1.6.1 Plant sample

The mango varieties *Kotookonam Varikka' and 'Kochu Kilichundan'

exhibited hi^st per cent of polyembiyony. Hence young, tender and fully

e?5)anded leaves from the mother tree as well as the plantlets from stones of

*Kotookonam Varikka' and 'Kochu KiBchundan' were collected.

3.1.6.2 Genomic DNA isolation

Microsatellfte analysis of the two parents and all the plantlets which

devetoped from their stones of these two varieties were done using twenty SSR

primers and compared. For the isolation of genomic DNA, young, tender arxi

e)q>anded leaves fi*om the mother tree and plantlets arised from each variety were

collected, labelled and wrapped in aluminum foil and put in a liquid nitrogen box

for inactivation of enzymes. The leaves were washed and the midribs and thick

veins were removed.

The genomic DNA from the selected varieties were extracted using the

method described by Dellaporta ei al. (1983). Leaf bits of 0.5-1 g were transferred

into pre-chilled nx)rtar, quick fi'ozen in liquid nitrogen and ground to a fine

powder. The fine powder of the respective samples were transferred to 20 ml

centrifiige tubes and mixed with 15 ml of extraction buffer containing 20 pi of 15-

mercapto etlianol and 50 mg of PVP (Pofyvinyl pyroUidine) and kept at 4 ®C. 1 ml

of 20 % SDS was added in each tube and incubated at 65 for 1 hour in a water

bath (Beston) with occasional shaking 5 ml of 5 M potasshira acetate was added

to it and then kept on ice (0 ®C) for 20 minutes. Centrifijgation (Centrifiige 5430 R

^pendor^ was performed at 12,000 rpm for 20 minutes. The clear aqueous phase

was transferred to a fi*esh sterile tube. Then added equal volume of ice cold

isopropanol and mixed ^ntly by inversion and kept in -20 freezer until DNA

was prec^itated out. Centrifiigation was performed at 12,000 rpm for 10 minutes.

Then the DNA pellet obtained was dissolved in 500 pi sterile double distilled

water. Added 3pl of RNase to this DNA solution and incubated at 37 for 1

hour. 500 pi of chtoroform; isoamyl alcohol mixture was added to the mbcture ai*d
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mixed well for 15 minutes. Then tlie mixture was centrifoged at 12,000 rpm for 15

minutes. The aqueous phase was transferred to anotlier micro centrifuge tube

without disturbing tbe inter phase to remove the insoluble debris. Then added two

volumes of ice cold absolute afeohol and 1/10 volume of sodium acetate to the

aqueous phase and kept for ovemi^ incubatbn at -20 °C. The mixture was then

centrifoged at 12,000 rpm for 5 minutes and the supernatant was discarded. DNA

peflet was washed with 500 pi of 70 % ethaiwl and air-dried thorouglify. Tlien the

DNA pellet was dissolved at 100 pi of TE buffer and stored at -20 for forther

use.

3.1.63 Quantification and quality assessment of DNA samples

Tlie quantity of DNA present in each sample was determined by reading

the absorbance at 260 nm and 280 nm in a spectrophotometer (ELICO, SL 21

UV-Vis spectrophotometer). The optical density (OD) of the DNA samples

dissolved in the buffer was recorded at 260 nm and 280 nm The ratio obtained

from the readings at 260 and 280 nm (OD 260/OD 280) indicated the estimate of

the purity of DNA sanples. A ratio between 1.7 and 1.8 indicated good quaKty

DNA (Sambrook and Russell, 2001). Quality was assessed by using gpl

electrophoresis with 5pl of crude DNA sanple on agarose gel (0.8%) and stained

with ethidium bromkle (ETBR). Since an OD of 1.0 at 260 nm represents 50

ng^ml of DNA, the quantity of DNA in the sanple was estimated by emptoying

the foflowing formula:

Amount of DNA (ng'ml) = A260 x 50 x dilution fector, where A260 is absorbance at

260 nm

3.1.6.4 Dilution ofDNAsamides

For PGR ana^is, the stock DNA samples after quantification were

diluted to 50 ng/pl of working solutbns. The DNA dilutions were prepared by

using the formula as gjven bebw.

MiVi=M2V2

Where Mi is the stock DNA concentratbn, Vi is the volume of stock to be

diluted, M2 is the concentratbn of working sohitbn and V2 is die volume of
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woricing solution to be prepared. Then the required volume from the stock was

transferred to 0.5 ml micro centrifuge tube, and tlie volume was made to ICQ jil

using TE buffer. The DNA working solutions were kept at -20 °C fcr future use.

3.1.6.6 PCR ampUficatioii using SSR primers (PCR analysis)

PCR reactions were carried out in a 25 pi reaction mixture \\hich consisted of

i) Genomic DNA (~ 25ng'pr) - 2.0 pi

ii) PCR Taq Mixture - 12.5 pi

iii) Forward primer (1 pM) - 2.5 pi

iv) Reverse primer (1 pM) -2.5 pi

v) Autoclaved distilled water -5.5 pi

Total volume 25 pi

PCR reaction was carried out using Master Cycler gradient 5331-Eppendorf

version 2.30. 31-09, Germany. The thermal cycling was carried out with the

following programme,

i  Initial denaturatbn - 94 °C for 3 minutes

ii. Denaturation - 94 ®C for 1 minute

iii. Primer annealing - 53 ''C to 55 ®C for 1 minute 1^ 35 cycles

iv. Primer extensbn - 72 °C for I minute

v. Final extension - 72 ®C for 5 minutes

vL Incifoation - 4 ®C for infinity to hold the sample

3.1.6.7 Detection of polymorphism between the plantlets obtained from two

polyembryonic mango varieties with their mother plant using SSR primers

Twenty primer combinations were screened by PCR and their sequences

are enlisted in table 3. Hie amplified products were run abng with marker (100

bp ladder) on 2 % agarose gel using IX TBE bufibr and stained with ethidiura

bromide. The DNA profile was visualized under UV (312 nm) trans-iDuminator

and documented in gel documentation system (Syngene G box documentation

system). The documented SSR profiles were carefully examined for the

pofymorphism in banding pattern among the plantlets with their respective mother

plant.
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Table 3. list of SSR prinicrs and their base sequences used for the study

Primer name Sequence (5-3*) Anne

aling
temp.

ec)

Melti

ng

temp.
Cc)

Allele size

range

(hp)

SSR- 16 F: GCTTTATCCACATCAATATCC

R; TCCTACAATAACTTGCC

54 54 160-170

SSR-19 F: AATTATCCTATCCCTCGTATC

R: AGAAACATGATGTGAACC

54 54 135-145

SSR-20 F: CGCTCTGTGAGAATCAAATGGT

R^jGACTCTTATTAGCCAATGGGATG

58 58 295-310

SSR-24

F: GATGAAACCAAAGAAGTCA

R: CCAATAAGAACTCCAACC

53 53 310-346

SSR-26

F: GCCCTTGCATAAGTTG

R: TAAGrrGATGCTGCTGGT

52 52 170-182

SSR-52 F; AAAAACCTTACATAAGTGAATC

R: CAGTTAACCTGTTACCTTTTT

52 52 207-248

SSR-84
F; TCTATAAGTGCCCCCTCACG

R: ACTGCCACCGTGGAAAGTAG

54 58 200-260

SSR-85
F: GCTTGCTTCCAACTGAGACC

R: GCAAAATGCTCGGAGAAGAC

52 58 250-310

SSR-89
F: CGCCGAGCCTATAACCTCTA

R: ATCATGCCCTAAACGACGAC

54 55 110-140

MNGSSR-14
F; TCATTAAGCTGTGGCAACCA

R: CATTGCATAGATGTGGTCATT

55 59 110-140
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Table 3. List of SSR piimcrs and their base sequences used for the

(continued)

StU(fy

Primer Sequence (5-3') Anneal Melt AUele

name ing ing size

temp. temp. range

fC) (°C) (bp)

MfllHR 10

F: CGATTCAAGACCXjAAAGGAA

R:TTCAAGCACAGACGACCAAC

55 53 161-184

MillHR 11

F: CAGTGAAACCACCAGGTCAA

R; TGGCCAGCTGATACCTTCTT

55 63.7 203-213

MaiHR 12
F: GCCCCATCAATACGATTGTC

R: ATTTCCCACCATTGTCGTTG

55 53 153-187

MaiHR 13
F: CCCAGTTCCAACATCATCAG

R: TTCCTCTGGAAGAGGGAAGA

55 50 169-193

MillHR 15 F: CTAACCATTCGGCATCCTCT

R:TCTGTGATAGAATGGCAAAAGAA

55 54 135-194

MflIHR21 F: TTTGGCTGGGTGAmTAGC

R: TTAATTGCAGGACTGGAGCA

55 53 230-262

MfllHR 23
F: TCTGACCCAACAAAGAACCA

R: TCCTCCTCGTCCTCATCATC

55 52 127-148

MillHR 24 F: GCTCAACGAACCCAACTGAT

R: TCCAGCATTCAATGAAGAAGTT

55 52 237-260

MfllHR 31
F; TTCTGTTAGTGGCGGTGTTG

R: CACCTCCTCCTCCTCCTCTT

55 52 210-229

MfllHR 34 F: CTGAGTTTGGCAAGGGAGAG

R: TTGATCCTTCACCACCATCA

55 53 222-244
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3.1.7 Germination character

3.1.7.1 Gennination (Vo)

Hie germination percentage was cafculated once the germination of all the

stones has been compfeted. It was calculated by counting nun4)er of mango stones

germinated out of total stones sown in the polybag (Patel, 2015).

Germination percentage = Number of stones germinated x 100

Total number of stones sown

3.1.7.2 Number of plantlets produced per stone

Hie gemiinated stones of selected varieties were ctosefy examined for

polyembryony. After die conpletbn of germination, the number of plantlets

produced per stone of each variety was recorded and the average was calculated

(Geetha, 1993).

3.1.7.3 Percentage polyend>iyony (%)

Percent polyembryoity was calculated by dividing the nund^er of stones

having multiple seedling (more than one seedling) by total number of germinated

stones and mult flying with 100 (Kumar, 2015).

Percent pofyembryony = Stones having multiple seedlings x 100

Total number of gemmated stones

3.1.7.4 Mean germination time (MGT)

Mean gennination time is an accurate measure of the time taken for a

batch of stones to germinate and is eiqiressed in days (Czabator, 1962).

Mean germinalion time = Lfx/Ef; where f is the number of stones germinated on

day X

3.1.7.5 Germination index (GI)

Germination index was calculated 60 days after sowing by dividing the

germination percentage by time taken for 50 per cent ^rmination (Kendrick and

Frankland, 1969).

Germination index = Germination percentage

Time taken for 50 per cent germination
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3.1.7.6 Seedling vigour index - I (growth basis)

Seedling \^ur Index- I was calculated 120 DAS based on the following

foitnula:

Seedling Vigour Index

= germination percentage (%) x [shoot length (cm) + root length (cm)]

(Rao et al., 2006)

Statistical Analysis

The means of all the treatments were calculated and the ANOVA for all

the characters were perfonned by 'F' variance lest at 5 per cent level of

significance.

3.1 Effect of prc-sowing treatments, sowing position and age of stone after

extraction from the fruit on germination of mango stones.

3.2.1 Experimental details

The mango stones of Kotookonam Varikka were utilized for the

e^qjerimenL The ejqperiment was laid out in Factorial Con5>letely Randomized

Bfock Design with forty two treatments replicated thrice. The treatments

conprised of conijinations of sowing positbns, age of stone after extraction fix)m

fruit and pre sowing treatments.

3.2.2 Treatment details

Factor A: Sowing positions

Si: Flat

$2: Stalk end

Factor B: Age of stone after extraction from fruit

Aj: Freshly extracted stone

A2:10 days after extraction

A3:20 days after extraction
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Factor C: Pre soving treatments

TiiGAs -100 ppm

T2: GA3 -200 ppm

T3: KNO3 -1 ppm

T4: KNO3 .2 ppm

T5: Cow dung slurry

Te: Water

T7: Control (No treatment)

3.2.3 Methodology

The treatments conprised of diflferent combinations of two sowing

positions, three different age group of stones after extraction from fruit, seven pre-

sowing treatments and their combinatbns. Fruits of 'Kotookonam Varikka'

variety of mango were selected for the study. After extraction, the stones were

washed thorougjify to ranove extraneous material adhering to it Then these

stones were immersed in water and allowed to sink to the bottom of the container.

Stones floating on tlie surfoce of water were discarded and those which settled at

the bottom were used for ejqjerimentatioa The mango stones were soaked in the

above solutions for 24 hours prior to sowing. The seed beds were prepared in field

and FYM was added. The treated mango stones of dife^ age groups were sown

at proper spacing in staBc end up and flat positions in the seed bed. Twenty five

stones of each treatment were replicated thrice. The stones were irrigated

immediately after sowing. Subsequently, tlie beds were watered as and when

required.

3.2.4 Observations

3.2.4.1 Days taken for initiation of germination (days)

The nunfoer of days taken for the emergence of radkles in randomly

selected polybagp in each replication were recorded and expressed as average

number of days taken for the initiation of germination as suggested by Aatla,

2011.
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3.2.4.2 Days taken for SOVo of germmation (days)

The number of days taken for 50 per cent sprouting in each replication was

recorded and expressed as average number of days taken for 50 per cent

gerrainatbn (Aatla, 2011).

3.2.4 J Germination (%)

The germination percentage was calculated once the germination of all the

stones has been conpleted. It was calculated by counting number of mango stone

germinated out of total stones sown in die polybag (Patel, 2015).

Germination percentage = Number of stones aenninated x 100

Total number of stones sown

3.2.4.4 Rate of germination

The rate of germination was determined by dividing the germination

percentage by the number of days taken for germination (Bewley and Black,

1982).

Rate of germination = Germination percentage

Number of days taken for germination

3.2.4.5 Seedling length (cm)

The seedling lengtli was measured from randomfy selected plants of each

rqilication by a metric scale fix)m shoot base to the shoot t^ of tire seedlings. The

mean value was calculated 120 days after sowing (Mdamdbhai, 2014).

3.2.4.6 Dry \wight of seedling (g)

The seedlings were dried moisture free in a hot air oven at 80 for 48

hours tin constant wei^ was attained. Then the dry wei^ of samples were

recorded by using an electronic balance and e^qiressed in grams. The mean values

were recorded at 120 DAS (Mukundbhai, 2014).
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3.2.4.7 Vigour index - I (growth basis)

Vigour Index- I was calculated 120 DAS based on the fcDowing formula:

Vigour Index -I

= germination percentage (%) x [shoot length (cm) + root length (cm)

(Rao et al.y 2006)

3.2.4.8 Vigour index - n (weight basis)

Vigour Index- II was calculated 120 DAS based on the foDowing formula:

Vigour Index -11

= germination percentage (%)xdrywei^ of seedling (g)

(Kumar et ai. 2007)

Statistical Analysis

The means of aH the treatments were cafculated and the ANOVA for all

the characters were performed by 'F' variance test at 5 per cent level of

significance.

3.3 Screening of mango varieties for use as dwarfing rootstock

The germination, vegetative aixl growtli features and physiotogical and

anatomical features were carefully observed and recorded for each variety utiKzed

in tliis experiment to identify its dwarfing potential

3.3.1 Source of seed material

Out of twenty varieties utilized in experiment I, ten were screened at

seedKng stage for use as rootstocks in order to impart dwarfoess (Table 4).
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Table 4. List of mango varieties used in screening as dwarfing rootstock

SL No. Treatments Varieties

1 Kotookonam Varikka

2 T. Kasthuri

3 Thali Manga

4 Kochu KiKchundan

5 Ts Vellari Varikka

6 Pallikkal Local

7 Kili Manga

8 Kappa Manga

9 T, Paiveli Local

10 T,„ Unda Vaarikka

3.3^ Experimental details

The e?q)eriment was laid out in complete^ randomi^ design (CRD) with ten

treatments replicated thrice.

3.33 Methodology

Ten indigenous mango varieties of TTiiruvananthapuram district were

selected for the experiment. The stones were extracted fix)m the ipe fiuits and

washed thorou^ily to remove tlie extraneous materials adhering to it After

cleanii^ the stones were immersed in water and albwed to sink to bottom of ftte

container. Those stones which floated on the sur&ce were discarded and those

which settled at the bottom were titilized for the study. Then the selected stones

were dried under shade for one to two days. Twenty five stones of each variety

were sown in polythene ba^ which were properly filled with a mixture of soil,

sand and FYM, labelled with tags and placed in green house at proper spacing.

The stones were irrigated immediate^ after sowing. Subsequent^, the bags were

irrigated as and when required. The observatbns were recorded fixjm five

randomly selected seedling in each treatment replicated thrice.
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3.3.4 Anatomical studies

Anatomical studies of stem and root of each variety were done at six

month after sowing. Pieces of the plant materials of 2-3 cm length were taken fcr

free hand sectioa The top portion of the material was dyped in distilled water.

Then transverse sections were made using sharp razor blade as ̂ t as possibfe

and placed in a watch glass containing water. With tlie he^ of a delicate brush,

tlie thinnest section of the sanple materials were selected. Oblique and inconplete

sections were discarded. Then transferred the thin sections into another watch

^ass containing water. Few drops of saffianin stain were added into it and left for

3-5 minutes without any disturbances. Then the stain was drained off Thin

sections were washed if necessary. The selected sections were placed at the centre

of slide and a drop of glycerine added over the material The slide was then

covered with a cover sip. The root and stem sections were observed under a

coDpound microscope after staining and mounting. For pem^nent slide

preparation, thinnest sections were left in saffianin for 3-5 ramutes, washed in

clean water until excess stain was removed and stained with fest green for 3

minutes. Later, the excess stain was washed off Dehydrated the sections in

ascending alcohol series 30 %, 50 %, 70 %, 90 % and 100 % alcohol for 4

minutes each. Clearing was done twice in ^Qdene for 5 minutes. Then the sections

were mounted on clean glass slide without air bubbles using DPX (Distyrene

Plasticizer Xylene) mounlant and a clean cover slip was put on ft. The required

images were taken in Leica microscope (DM 1000 using Leica software). The

photographs were made from each cross-section at 4 X, 10 X and 40 X

magnification tomeasm-e various anatomical features.
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3.3.5 Observations

i) Germination characters

The germinatiDn characters were recorded four monlhs after sowing.

33.5.1 Germination (%)

The germination percentage was calculated once the germination of aD the

stones has been conpleted. It was calculated by counting number of mango stone

germinated out of total stones sown in the polybag (Patel, 2015).

Germination percentage = Nimiber of stones germinated x 100

Total number of stones sown

3.3.5.2 Seedling length (cm)

The seedling lengtli was measured fiom randomly selected plants of each

replication by a metric scale fiom shoot base to the shoot t^ of the seedling. The

mean value was calculated 120 days after sowing (Mukundbhai, 2014).

33.53 Dry weight of seedling (g)

The randomly selected seedling? fiom each replication were i5)rooted and

dried under shade for 3 days. Then the samples were oven dried at 60 ®C tin the

constant weight was attained. The mean dry wei^ was calculated at 120 days

after sowing (Mukundbhai, 2014).

3.3.5.4 Vigour index -1 (growth basis)

Vigour Index- I was calculated 4 months after sowing based on the

foDowing formula:

Vigour Index -I

= germination percentage (%) x [Shoot length (cm) + Root length (cm)]

(Rao et al, 2006)
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3.3«5»5 Vigour index - II (weight basis)

Vigour Index- 11 was calculated 120 DAS based on the following formula:

Vigour Index - II = germination percentage (%) x dry wei^ of seedling

(Kumar et al, 2007)

ii) Vegetative and growth characters

The vegetative and growth characters of each variety was recorded at six month

after sowing

33.5.6 Plant height (cn^

Tlie seedling hei^ was measured from the collar regbn to the apex of the

main stem of randomly selected seedlings and the mean computed (Aatla, 2011).

33.5.7 Number of leaves

The nuniber of leaves per seedling were counted from random^ selected

seedlings in each replicatioa The mean values were calculated (Shenoy, 2016).

33.5.8 Leaflength (cm)

The leaf length was measured from the ty of the lamina to the base of leaf

petiole. The average length of leaf was recorded from randomly selected plants in

each replication and e>q)ressed in centimetres (Aatla, 2011).

333.9 Leaf width (cm)

The width of leaf blade was measured at the point where width was

maximum on randomly selected plants in each replication using meter scale and

foe mean value was conputed. Leaf width is expressed in centimetres (Aatla,

2011).

3.3.5.10 Average leaf area (cm^)

The average leaf area was cafculated by dividing the area of all the leaves

on a flush by the total number of leaves on it (Babubhai, 2009).
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3.3.5.11 Total leaf area (cm^)

Tlie leaf area was calculated using the leaf area constant derived by using

leaf area meter and the leaf length and width. Then the total leaf area was

calculated by multplying the leaf area and total nuni)er of leaves on it (Babubhai,

2009).

3.3.5.12 Intemodal length (cm)

The second intemodal region from the base was measured tor intemodal

length. The average intemodal length was recorded and expressed in centimetres

(Shenoy, 2016).

3.3.5.13 Number of roots

The nuni)er of primaiy roots were counted and the mean confuted

(Shenoy, 2016).

3.3.5.14 Root length (cm)

The length of bngest root was measured by metric scab and expressed in

centimetres (Shenoy, 2016).

3.3.5.15 Diy matter of shoot and root (g)

The seedlings were dried moisture free in a hot air oven at SO'^C for 48

hours tin constant we^it was attained. Then the dry wei^it of sanples were

recorded by using an electronic balance and expressed in grams. The mean value

was recorded at 120 DAS (Mukundbliai, 2014).

iii) Physiological characters

TIk physiofogical parameters of each variety was recorded at six months after

sowing

3.3.5.16 Stomatal density (stomata/mm^)

Measurement of stomatal density was done as per the procedure described

by Bajrachaiya (1999). Three leaf san:5)les of same age groxq) from each variety
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was collected and washed gently by running water in order to remove the

adhering dirt and debris and they were allowed to dry properly. Then one or two

drops of X>iene thermo cole mix was applied on the dorsal surfece of leaf in a

uniform manner as to form a very thin film over the leaf sanple. Then it was

aBowed to dry completely. After few iranutes, the peel was gently peeled off with

a sharp needle. It was placed on the slide and one or two drops of water/ g^'cerol

was added for proper spreading and it was covered it with cover sl^ and kept on a

40 X conpound microscope. Tlie total nunfoer of stomata fi'om three microscopic

fields were counted and average was calculated. Stomatal density was calculated

by total number of stomata per unit area. (Unit area of microscopic field was of

0.089 cm? size).

33.5.17 Membrane stability index (% leakage)

Measurement of membrane stability index was done as per the procedure

described by Leopold et al (1981). The collected leaves of each variety was

incubated in distilled water for 45 minutes to gain the turgidity. Then the turgid

we^ of each sarrple was recorded and samples were placed under shade in

order to wih. When the leaves lost 60 % of its fiesh wei^ the leaf punches of 1

cm diameter were takea In order to leach out the solutes fiom the cut ends, the

leaf punch sanples were washed for 1 to 2 minutes in clear water aixl blotted on

clean filter paper. A total of 10 leaf punches were taken and incubated for 3 hours

in a beaker containmg 20 ml distilled water. The initial leakage of solutes in ftie

bathing medium was estimated by recording the absoibance at 273 nm. Then the

beakers were incubated for 15 minutes in hot water bath (100 °c). The absorbance

(final) was agiin read at 273 nm after the suitable dilution because of the leakage

of total solutes contained in the leaf tissue. Then the percent leakage was

calculated by the following fomiula:

Percentage leakage = Initial absorbance of bathing medium x 100

Final absorbance ofbathing medium
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3.3.5.18 Relative Water Content (RWC)

The relative leaf water content was estimated as per the method described

by TXimer (1981). Fully expanded leaves of each variety were collected and the

fresh wei^t recorded. Then these samples were immersed in a petri dish

containing distilled water for three hours. The sanples were removed aixl surfoce

water was btotted off Then the turgid weight was recorded. To obtain the dry

we^ht, these turgid samples were kept in an oven at 70°C for three days. The

relative leaf water content was expressed in per cent and calculated using the

following formula;

RWC (%) = [(FW - DW) / (TW-DW)] x 100; where FW is the fresh

wei^t; DW is the dry wei^t; and TW is the turgid weigjit,

33.5.19 Starch content of leaf

The estimation of starch was done by Anthrone method (Mc Crready et

aL, 1950). A known quantity (0.1 - 0.5 ̂  of plant sample was homogenized in

hot 80 % ethanol to remove sugars. Then the homogenate was centrifoged and the

residue retained. The residue was washed repeatedly wifo hot 80 % ethanol till the

washing turned out to be colourless with anthrone reagent The residi^ was dried

well over a water bath. 5 ml water and 6.5 ml 52 % perchtoric acid were added to

the residue and was extracted at 0 for 20 min. Tlien centrifogation was done

and the supernatant sa\'ed. The extraction was repeated using fresh perchforic acid

and centrifogation done accordin^y. Then the sipeniatant was pooled and made

tq) to a volume of 100 ml 0.1 ml of the supernatant was plotted out and made up

to 1 ml tising distilled water. The standard was prepared by taking 0.2, 0.4, 0.6 0.8

and 1 ml of the woiking standard and volume made to 1 ml in each tube with

distilled water. Four miHilitre of Anthrone reagent was added to each test tubes.

These test tubes were heated in a boiling water bath for ei^ minutes and cooled

rapid^. The intensity of colour change fir>m green to daik @cen was measured at

630 nm. The ̂ ucose content in each sample was calculated by using the standard

graph. Then the value was multiplied by a foctor of 0.9 to derive the starch

content.
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3.3.5.20 Transpiration rate (m moles s'*)

Transpiration rate was measured during the morning hours between 9 am

and 11 am using Portable Photosynthetic System (CIRAS-3, PP systems U.S.A)
A  4

and expressed in m moles m s .

3.3.5.21 Total phenol content of apical bud and leaves of rootstock (nig

I^cnols/ 100 gm)

Phenol was estimated by using Folin Ciocalteau reagent as per the

procedure suggested by Sadasivam and Manickam (2009). A quantity of0.5-lgof

the sanples (apical bud and leaves) of each variety was ground with a pestle and

mortar in ten tine volume of 80 per cent ethanol The homogenate was

coTtriftiged at 10,000 rpm for 20 minutes and the si^ematant was collected. The

residue obtained was re-extracted with five time volume of 80 per cent ethanoL

Then tlie si5)ematant was collected and pooled. Then the siqiematant was dried by

evaporating at 50 °C. The residue was dissolved in 5 ml of water for dflutioa

Then 0.2-2 ml difi^ent aliquots were p^etted out into test tubes and made \3p the

volume to 3 ml in each test tube with distilled water. Added 0.5ml Folin

Ciocalteau reagent to the respective tubes. Then 2 ml of 20 per cent of Na2Co3

was added after tliree minutes. The content of test tubes were mixed thorou^ily

and kept in boiling water for one minute. The absorbance was measured at 650

nm against a reagent blank immediately after cooling. Then the standard curve

was drawn using di&rent concentrations of catechoL The phenol content of the

sanples were estimated fix)m the standard curve and e?q)ressed in mg phenols/

100 g material

3.3.5.22 Leaf temperature (® C)

Leaf tenperature was measured during the morning hours between 9 am

and 11 am using portable photosynthetic system (CIRAS-3, PP systems U.S.A)

and expressed in ®C,
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iv) Anatomical analysis of rootstock

From the stem and root cross section of respective varieties, the widfli of

half pith (from the centre of section to the inner peiphery of vascular bundles),

primary xylsm (from inner edge of vascular bundles to cambial rin^, primary

phloem (from cairhial ring to outer peiphery of vascular bundles) and bade (from

cambial ring to outer peiphery of periderm) were measured along with the radial

lines from center of pith to periphery of cross section using a calibrated ocular

micrometer. These observations were recorded for each replication and mean

values were woriced out for xylem and plifoem area and percentage, total conduit

area (mm^), bark percentage of stem and root, etc. These anatomical studies were

done as per the standard procedures detailed by Johanson (1940).

Statistical Analysis

The means of all the treatments were cafculated and the ANOVA for all

the characters were performed by T* variance test at 5 per cent level of

significance.

3.4 Effect of propagation methods and modlflcd environments on different

varieties of scion.

3.4.1 Experimental details

Tlie ejqjeriment was laid out in Factorial Conpletely Randomi2ied Btock

Design with ei^iteen treatments replicated thrice. The treatments comprised of

confoinations of propagation methods, modified environments and diflferent

varieties of scioa

3.4.2 Treatment details

Factor A: Propagation metiiods

1. Epicotjd grafting

2. Softwood grafting (Veneer)
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Factor 6: Modiflcd cnWronmcnts

1. Climate controlled (Ian and pad)

(80 % RH and 32 ° C temperature)

2. Humid chamber (Ctosed tunnel made of poly film with 80-90% RH,

32-35 ° C tenperature)

3. Natural shade (75% shade)

Factor C: Varieties of scion

1. Kalapady

2. NeeKim

3. Kotookonam Varikka

3.43 Methodology of softwood grafting

3.43.1 Raising of rootstock plants

Afier extraction fiom the fiiiits, the stones were washed thorough^ to

remove extraneous material adhering to it Afi^ extractbn, the stones were

washed thorou^ly to remove extraneous material adhering to it. Then these

stones were immersed in water and allowed to sink to the bottom of the container.

Stones floating on tlie surfece of water were discarded aixi those which settled at

the bottom were used for e;q>erimentatk)n. The mango stones were soaked in GA3

100 ppm fcr 24 hours prior to sowing. Sowing was during the first week of June.

The germinated mango stones (about 18-23 days afier sowing were lifted

carcfifily and transferred into the polythene bags of 25cm x 20cm size and 300

gauge thickness. The polythene ba^ were properly filled with the potting mixture

in the ratio 2:1:1 (red earth, sand and FYM) and then the germinated stones were

carcfijlly placed mside the centre of pofythene bag Then the bags were labelled

with tags and placed in green house at proper spacing The stones were irrigated

immediately after sowing Subsequent irrigation was given based on the moisture

level ofsofl.
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3.4.3.2 Selection of rootstock

For the purpose of grafting, vigarously growing healthy rootstocks with

normal growth and required age (6 months old) were selected. Then plants were

ready for grafting operation once it attained the pencil thickness.

3.4.3.3 Selection and preparation of scion

The scions of cultivars Kalapady, Neelum and Kotookonam Varikka were

collected from the mango orcliard maintained at the Instructional Farm The

terminal, non-flowering shoots of current seasons growth having dark green

cobured feaves, about 12-15 cm bng, strai^ healthy and free from pests and

diseases were selected. Usually scbns having three to four months maturity and

havmg same tlibkness as that of rootstock were preferred for grafting. The scbn

defoKatbn was done with the help of sharp secateurs by eloping off the leaf

bbdes feaving one -fourth of the petble (1 cm lengtli) intact seven days prbr to

detaching. The defoliated scbn shoots were separated fiom the mother tree during

the morning hours on the same day of grafting and kept in shady place to avoid

the dcsiccatba The scbn sticks were d^ped in 0.2 per cent carbendazim sohitbn

for 5 min prior to grafting,

3.4.3.4. Procedure ofsoft'wood grafting

The main stem of rootstock having a diameter of 4-10 cm is cut off

horizontally. A bngitudinal cut (vertical split) of 4.5-8 cm was made at the centre

portion of the cut stem of stock. A wedge shaped cut (5 cm each) was made on

bwer part of scbn stick (preferabb' ̂  budded shoot). The graft was secured

gently by using 1.5 cm wide, 200 gauge polythene str^e. The grafted plants are

kept under shade. In about 15-20 days, the scbns devebped new flushes and the

graft unbn conpleted. Once tlie wound conpbtely healed (45-50 days after

grafting), the polythene strip was removed. Care was taken to avoid injuries

removing the str^.

3.4.3.5 Aftercare of the grafts

Grafts were watered immediately after planting in the po^lhene bags.

Irri^tbn was done at 3 to 4 days interval During summer, irrigatbn was done at
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an interval of 1-2 days. The sprouts arising from leaf axils of rootstock just befow

the graft union were frequently removed. The sprouts were removed carefiilly

without disturbing the new growth of scioa Hand weeding was done in order to

keep the po^lhene bag? free from weeds and off types. It was done at an interval

of 12-15 days. For better growth and devetopment of proper graft unbn, the

pob^ne strips were removed 90 days after grafting in order to avoid the girdling

at the region of graft unba

3.4.4 MelhodoIog>' of epicotyl /stone grafting

3.4.4.1 Raising of rootstock plants

After exti-action from tlic fiiiits, the stones were washed thorouglily to

remove extraneous material adhering to it After extraction, the stones were

washed thoroi^fty to remove extraneous material adhering to it Then these

stones were immersed in water and allowed to sink to tlie bottom of the container.

Stones floating on the surfece of water were discarded and those which settled at

the bottom were used for experimentatioa The mango stones were soaked in GAj

100 ppm fi)r 24 hours prior to sowing. Sowing was during the first week of June.

The gprminated mango stones (about 18-23 days after sowing) were lifted

carefi% and transferred into the polythene bags of 25 cm x 20 cm size and 300

gauge thickness. The polythene bags were properly filled with the potting mixture

in the ratio 2:1:1 (red eartli, saixl and FYM) and Uien the germinated stones were

carefiilly placed inside the centre of po^lhene bag Tlien the bags were labelled

with tags and placed in green house at proper spacing The stones were irri^ted

immediate^ after sowing Subsequent irrigations were given based on

requirement.

3.4.4.2 Selection of rootstock

Healthy arxi vigorous seedlings of 8- 12 days age with strai^it and stout

epicotyl and coppery-red leaves were lifted carefully afong with stones without

causing aity injury to roots. The Kfted seedlings were washed immediate^ with

water. Then treated with 0.1 % Bavistin for five minutes and were kept ready for

grafting operatioa
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3.4.4.3 Selection and preparation of scion nuterial

Hie scbns of cuhivars Kalapady, Neelum and Kolookonam Varikka were

collected from tlie mangp orchard maintained at tlie Instructional Farm The

terminal, non-flowering slioots of current season growth liaving dark green

coloured leaves, about 12-15 cm bng, strai^it, healthy and free from pests and

diseases were selected. Usually scbns having three to four months maturity and

having same thbkness as that of rootstock were preferred for grafting. The scbn

dcfoliatbn was done with the help of sharp secateurs by cl^pbg off tire leaf

blades leaving 1/4 of the petble (1 cm length) intact seven days prior to

detaching. The defoliated scbn shoots were separated from the mother tree during

the morning hours on the same day of grafting and kept in a shady place to avoid

desbcatba The scbn sticks were d^ped b 0.2 per cent carbendazim solutbn for

5 min prbr to grafting

3.4.4.4 Procedure of cplcotyl/ stone grafting

In cpicotyl grafting graftbg was performed by cleft method. The top of

the seedlings should be removed by giving a conplete horizontal cut at 6-8 cm

hei^ from the stone. Then a vertical cross cut of about 3 cm was given at the

centre of stock plants. The scbn sticks of equal or slyrtly smaller in diameter

were utilized for grafting A similar slanting cut was made to both sides of scbn,

just bebw the terminal bud thus fonnmg a wedge. Then it was inserted m the

vertical cut of the stock plant in such a way that both- sides of scbn-wedge

contacted the sides of vertical cut Tlie grafted portion was wrapped with 1.5 cm

wide, 200 gauge transparent white polythene stip so as to prevent the water

entering into the grafted part.

3.4.4.5 Aftercare of the grafts

Grafts were watered immediate^ after plantbg in the polythene bags.

Irrigation was done at 3-4 days interval During summer, irrigatbn was done at an

intaval of 1-2 days. The sprouts devefoping from leaf axils of rootstock just

bebw the graft unbn were frequentfy removed. The sprouts were removed

careftiUy without disturbing the new growth of scbn. Hand weedmg was done in
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order to keep tlie polytliene bags free from weeds and off types. It was done at an

interval of 12-15 days. For better growth and devetopment of proper graft union,

the polythene strips were removed 90 days after grafting in order to avoid the

girdling at the regbn of graft union.

3.4.4 Observations

3.4.4.1 Girth of rootstock (mm)

Girth of rootstock was measured 90 DAG with the hejp of vernier callqjers

just 1 cm below the graft union and expressed in millimetre. (Agrawal, 2007).

3.4.4.2Girth of scion (mm)

Girth of scion was measured 90 DAG with tl^e help of vernier caD^ers

just 1 cm above the graft union and is expressed in millimetre (Agrawal, 2007).

3.4.4 J Length of scion (cm)

The length of scions was measured 90 DAG fiom the middle of the graft

union to the apex of the new^' devebped shoot by using a measuring scab ar>d

e3q)ressed in centimetre (Usare, 2016).

3.4.4.4 Graft height (cm)

The hei^ was measured 90 DAG from the point just above the coDar

regbn to the terminal end of the grafts and e7q)ressed in cm (Usare, 2016).

3.4.4.5 Length of sprout (cm)

The tength of sprout was measured from the base of scbn bud to the

termbal end of graft at 90 DAG and expressed in cm (Agrawal, 2007).

3.4.4.6 Spread of plant (cm)

The spread of plant was recorded 90 DAG witli meter scale in two

directions (East - West arb North -South) and CTq^ressed in cm (Bhagat, 1998).

3.4.4.7 Days taken for first sprouting (days)

The nurrber of days required for initiatbn of sprouti^ (bud breaking in

scbn) was recorded as days taken for first sprouting (Agrawal, 2007).

\rJ\
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3.4.4.8 Days taken for last sprouting (days)

The nurrber of days required for completion of sprouting was recorded as

number of days taken for last sprouting (Agrawal, 2007).

3.4.4.9 Number of grafts sprouted at wekly intervals (%)

The number of grafts which sprouted at week^ intervals out of the total

number of grafts prepared were counted ft)r each treatment and e;q)ressed in

percentage (Savani, 2009).

3.4.4.10 Initial success percentage (%)

Tiie initial success percentage of tlie grafts were measured at 30 DAG as

the percentage of grafts tliat put forth the first vegetative flush. Initial success

percentage was calculated by the formula (Bhagat, 1998) as foltows:

Initial success percentage - No. of grafts that nut forth the first vegetative flush

Total number of grafts prepared

3.4.4.11 Percentage of graft establishment (%)

The percentage of graft established was measured as the percentage of

grafts that put forth the second vegetative flush with ftftly opened leaves at 60

DAG (Agarwal, 2007).

3.4.4.12 Days taken for leaf opening (days)

The number of days required for opening of first leaf fiom the sprouted

scion was counted (Usare, 2016).

3.4.4.13 Number of leaves pcrgraft

Total number of fully opened leaves per graft was counted fiom random^

selected plants fiom each treatment at 90 DAG and the average was calculated

(Savani, 2009).

72



3.4.4.14 Leaf length (cm)

The leaf length was measured 90 DAG from the of the lamioa to tiie

base of leaf petiole. The average length of leaf was recorded from random^

selected five plants in each replication and e?q)ressed in centimetres (Aatla, 2011).

3.4.4.15 Leaf width (cm)

The width of leaf blade was measured at the point where width was

maximum on randomly selected plants in each replication using meter scale and

the mean value was confuted. Leaf width is expressed in centimetres (Aatla,

2011).

3.4.4.16 Leaf area (cm^)

The leaf area was calculated using die leaf area constant derived using leaf

area meter and the leaf length aixl width. The leaf area was expressed in

centimetre square (Abilasha, 2012).

3.4.4.17 Number of nodes on scion

The total number of nodes on scbn was counted and recorded at 90 DAG

(S^vud^ 2013).

3.4.4.18 Intemodal length (cm)

Tlie second intemodal region fiom the base was measured for intemodal

length. The average intemodal length was recorded and e^ressed in centimetres

(Shenoy, 2016).

3.4.4.19 Root length (cm)

The length of longsst root was measured by metric scale at 180 DAG and

ejq)ressed in centimetres (Shenoy, 2016).
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3.4.4.20 Number ofgro>\th flushes per graft

After grafting, the number of new growth flushes in each treatment was

coimted at the time of their appearance and the mean value confuted (Nair,

2000).

3.4.4.21 Number of days taken be^vccn grafting and first vegetative flush

Hie nunftier of days required for con^ilete opening of the entire leaves in

the vegetative flush was counted.

3.4.4.22 Number of days taken between grafting and second vegetative flush

The number of days required for conplete opening of the leaves in the

second vegetative flush was counted.

3.4.4.23 Survival percentage of grafts (%)

After six months of graft union and sprouting of scion shoots, the data

pertaining to number of plants survived were recorded and expressed in

percentage using tlie following formula (Agrawal, 2007):

Total no. of grafts survived
Survival percentage of grafts (%) =

Total no. of grafts prepared
Statistical Analysis

The means of aB the treatments were calculated and the ANOVA for all

the characters were performed by 'F' variance test at 5 per cent level of

significance.
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4. RESULTS

The results of the investi^tions carried out for evaluation of propagation

techniques and rootstock studies of mango were analysed and are presented in this

chapter.

4.1: Screening of local mango varieties/collections for polyenibtyony

4.1.1 Germination characters of mango genotypes

Uie germination characters such as germination percentage, nurriber of

plantlets produced per stone, percentage polyembryony, mean germination time,

gennination index, seedling vigour index -I were recorded and the analysed data

is umished betow.

4.1.1.1 Germination (%)

The ^rmination percentage of different mango genomes are presented in

table 5(a). Tbe germination percentage differed significantly among the

genotypes. The highest germination percentage (73.33 %) was recorded in var.

Kappa Manga (T19) and VeDari Varikka-Tis (68.89 %), Nattumavu-T2o (66.67 %),

Kuttara Local- (62.22 %), Unda Varikka- T5 (60.00 %), Pandi Man^- Tg

(60.00 %) and ChanpaVaikka- T9 (60.00 %) were on par. The least germination

percentage (31.11 %) was recorded in var. Kotookonam Varikka (T|).

4.1.1.2 Number of plantlets produced per stone

The data on number of plantlets produced per stone is presented in table

5(a).The nurriber of plantlets produced per stone significantly differed among the

varieties under study.Out of seventeen polyembryonic varieties, Kotookonam

VarScka (Ti) produced significantly more nurriber of plantlets/ stone (5.00)

followed by Kochu KiEchuixlan-T^ (4.13) and Mylapoo -Tn (3.80), whereas tfie

var. Pandi Manga (Tg) recorded the minimum number of plantlets/ stone (1.67).

V
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Table 5(a). Gcnnination characters of mango genotj'pcs

Treatments Germination Number of Percentage

(%) plantlets
produced
per stone

polyembtyony

(%)

T, 31.11 5.00 65.13

Tz 46.67 2.27 29.57

T3 44.44 3.67 46.90

T4 33.33 4.13 63.62

Ts 60.00 2.27 23.12

Tfi 37.78 3.60 52.11

T7 55.55 2.20 30.97

Tg 60.00 1.67 20.97

T9 60.00 2.27 28.06

T.o 44.44 3.33 44.30

Tn 46.67 3.27 41.79

Ti2 48.89 3.60 57.68

T,3 40.00 3.80 56.30

Th 51.11 2.33 33.88

T,5 51.11 2.27 33.80

T,6 51.11 2.33 41.75

Ti7 62.22 1.93 26.35

Ti8 68.89 — —

Ti9 73.33 — —

T20 66.67 — —

SE ni±) 5.42 0.17 2.74

CD 15.55 0.49 7.90

— Themonoembryonic varieties (T,., T,„ and T.J were not included for
lo ly 2\)

statistical analysis

\oPr
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4.1.1.3 Percentage polyembryony
t

Hie data with regard to percentage pofyembryony is presented h table 5(a)

exhibited significant differences. The bi^st percCTtage polyembryony (65.13 %)

was recorded in var. Kotookonam Varikka (T|). The varieties Kochu Kilichundan

(T4) (63.62 %) and Sreekaryom Local (T12) (57.68 %) were on par and the least

percentage of polyembryony (20.97 %) was noted in Pandi Manga (Tg).

4.1.1.4 Mcangcrmination time

The data presented in table 5(b) sliowed significant difference among the

varieties with regard to mean gennination time. TTie mean gennination time was

g  the least (17.50 days) in var. VeHari Varikka (Tis). The varieties Nattumavu (T20)

(18.90 days), Kappa Manga (T19) (20.67 days), Kuttara Local (T17) (22.53 days)

and Pandi Manga (Tg) (23.07 days) were on par with Vellari Varikka. Hie highest

mean germination time (33.40 days) was recorded in var. Kotookonam Varikka

(Ti).

4.1.1.5 Germination index

The data on germination index of different mango genotypes are presented

in table 5(b) and that exhibited significant differences. The hi^st gennination

index (2.41) was in var. Kappa Manga (T19). The varieties such as Nattumavu

(T20) (2.27) and Vellari Varikka (Tig) (2.15) were on par with Kappa Manga and

the fewest germination index (0.70) was recorded in var. Kotookonam Varikka

f  (Ti).

4.1.1.6 Seedling vigour index >1

The data on seedling vigour index -I on growth basis 120 DAS is

presented in table 5(b). There was significant difference among the treatments

under study. The hi^est vigour index was noted in var. Kappa Mar^ (T19)

(2795.20) and the varieties Vellari Varikka (Tig) (2508.53), Nattumavu (T20)

(2127.68) and Pandi Manga (Tg) (2233.78) were on par. Hie least vigour iixiex-I

(910.18) was recorded in Kochu Kilichundan (T4).
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Table 5(b).Gemiiiintion characters of niango genotypes

Treatments Mean Germination Seedling
germination index vigour

time indeX'I

(Days) (Growth
basis)

Ti 33.40 0.70 1029.01

T2 29.63 1.27 1528.58

T3 29.27 0.99 1283.70

T4 30.17 0.76 910.18

Ts 28.57 1.66 2001.02

T6 32.00 0.91 1174.07

Tv 27.23 1.52 1658.73

Tg 23.07 1.72 2233.78

T9 28.40 1.53 1950.00

T,o 28.73 1.03 1365.16

T,i 30.57 1.12 1454.66

T,2 29.83 1.18 1643.55

T,3 32.73 0.96 932.57

Tm 32.80 1.21 1447.38

Ti5 33.00 1.40 1799.25

T,6 28.50 1.35 1833.04

T,7 22.53 1.65 1580.91

Ti8 17.50 2.15 2508.53

Ti9 20.67 2.41 2795.20

T20 18.90 2.27 2127.68

SE ni(±) 2.15 0.22 263.79

CD 6.17 0.62 756.74
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4.1.2 Molecular characterization of zygotic and nucellar seedlings

Out of seventeen polyemi^ryonic mango varieties screened, nx)lecular

characterizatbn of aH the plantlcts from two varieties that exhibited hi^iest per

cent of polyembiyony viz., Kotookonam Varikka and Kochu Kilichundan were

done using SSR primers in comparison with their mother plants (Table 6).

The selected polyerribryonic mango varieties were screened using 20 SSR

primers, which were reported in earlier works on mango (Begum et ai 2012; Sane

et al 2015). The SSR primers viz., SSR- 16, SSR- 19, SSR- 20, SSR- 24, SSR-

26, SSR- 52, SSR- 84, SSR- 85, 8SSR- 9, MNGSSR-14, MillHR 11, MilTHR 10,

MillHR 15, MiUHR 21, MillHR 23, MillHR 24, MillHR 12, MillHRn, MillHR

31 and MillHR 34 primers uniformly amplified the DNA wifli an allele size range

of 160-170 bp, 135-145 bp, 295-310 bp, 310-346 bp, 170-182 bp, 207-248 bp.

200-260 bp, 250-310 bp, 110-140 bp, 110-140 bp, 203-213 bp, 161-184 bp, 135-

194 bp, 230-262 bp, 127-148 bp, 237-260 bp, 153-187 bp, 169-193 bp, 210-229

bp and 222-244 bp respectively (Table 3).
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Table 6. Concentration and purit>' of isolated DNA identified by

Si.

No.

Samples A260
value

(nm)

A280 value
(nni)

A260/A280

(RaUo)

Quantity
of DNA

(ng/pl)

1 P. 0.052 0.030 1.73 1438

2 A 0.098 0.056 1.75 1876

3 B 0.041 0.022 1.86 2182

4 C 0.096 0.054 1.78 1972

5 D 0.102 0.055 1.85 1726

6 E 0.067 0.038 1.76 2175

7 0.099 0.054 1.83 1638

8 F 0.116 0.069 1.68 1744

9 G 0.046 0.025 1,84 1369

10 H 0.123 0.069 1.78 2243

11 I 0.067 0.038 1.76 1760

Pi - mother plant (Kotookonam Varikka), A- E: plantlets obtained fiom Pi,

P2- mother plant (Kochu Kilichundan), F-I: plantlets obtained fiom P2.

w
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M . 1 2 3 4 5 6 M  1 2 3 4 5 6

I60:m 139-148 bp

SSR-16 SSR-19

M  1 2 3 4 5 6 M l 2 3 4 5 6

295-310 bp

SSR -20

310-346 bp

SSR -24

1  2 3 4 5 6 ^ 1 2 3 4 5 6

170-182 bp

SSR-26

207-248 bp

SSR-52

1- Mother plant (Kotookonam Varikka), 2-6: Plantlets M: 100 bp ladder

Plate 5. Amplification proPiles of genomic DNAof plantlets obtained from van

Kotookonam Varikka and mother plant using SSR primers

1
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M  1 2 3 4 5 6

2UU-26U tip

SSR -84

SSR-89

161-184 In

SSR -85

1  1 2 3 4 5 6

llU-t40iv

MNGSSR-14

6  5 4 3 2 1 M

203-213 bp

MUIHR 10 MillHR II

1- Mother plant (Kotookonam Varikka), 2-6: Plantlets M: 100 bp ladder

Plate 5. continued



MilfHR 12

M  I 2 3 4 5 6

169-193 bp

MillHR 13

1  2 3 4 5 6 M l 2 3 4 5 6

135-194 bp

Z30-2«Ztip

MiIIHRI5 MillHini

I- Mother plant (Kotookonam Varikka), 2-6: Plantlets M: 100 bp ladder

Plate 5. continued



127>l48fap

MUIKR 23

237-260 bp

MillHR 24

MillHR 31

M  1 2 3 4 5 6

222-24419

MillHR 34

1-Mother plant (Kotookonam \arikka), 2-6: Plaiillets M: 100 bp ladder

Plate 5. continued
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4.2: Effect of pre-sowing treatments, sowing position and age of stone after

extraction from the fruit on germination of mango stones

4.2.1 Days taken for initiation of genmnation

The data on days taken for initiation of germinatbn as influenced by

diflferent sowing positions, age of stones after extraction fî om the fruit and pre

sowing treatmentsis presented in table 7(a),

4.2.1.1 Effect of sowing positions

The da>'S taken for initiation of germination of mango stone was

significantly influenced by different sowing positions. Earliness in germination

(22,95 days) was recorded in stalk end up sowing method over flat positbn (29.15

days).

4.2.1.2 Effect of age of stones after extraction from the fruit

It is evident from table 7(a) that age of stones after extraction from the

fixik was significantly influenced the days taken for initiation of gennination of

mango stones. Freshly extracted stones were germinated earlier (18.56 days) than

the sowing at 10 days after extraction (24.56 days) and 20 days after extraction

from the fiiiit (35.03 days).

4.2.1.3 Effect of pre solving treatments

It is evident from table 7(a) tliat the pre-sowing treatments had a

significant effect on number of days taken for initiation of ̂ rmination of mango

stones. The stones treated witli 200 ppm GA3 (T2) recorded the least number of

days for initiation of germination (22.62 days), fofiowed by 100 ppm GA3 (23.89

days) and 1 ppm KNO3 (24.49 days). The hi^st number of days required for

initiation of gennination (31.01 da>s) was recorded in control (T?).
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Table 7(a). Gennuiation characters of mango as influenced by sowing

positions, age of stones after extraction from the fruit and prc-sowing

treatments on germination of mango stones

Treatments Da>'s taken
for initiation

of

germination

Days taken for
50 percent
germination

Germination

(%)

Rate

of

germination

Effect of sowing positions
Fiat (S,) 29.15 40.91 40.95 0.26
Stalk end up (S2) 22.95 31.75 60.85 0.47
SE(m) 0.05 0.17 0.69 0.001
CD 0.13 0.47 1.94 0.004

Effect of Age of stone after extraction from hiit

Freshly extracted stone (A 1) 18.56 31.29 59.84 0.47
10 days after extraction (A2) 24.56 36.50 52.38 0.36
20 days after extraction (A3) 35.03 41.20 40.48 0.28
SE(m) 0.06 0.20 0.85 0.002
CD 0.16 0.57 2.38 0.005

Pre sowing treatments

GA3 -100 ppm (Tj) 23.89 33.94 55.19 0.43
GA3 - 200 ppm (T2) 22.62 31.78 62.59 0.48
KNO3 -1 ppm (T3) 24.49 34.17 52.96 0.42
KNO3 - 2 ppm (T4) 25.69 35.56 50.00 0.36
Cow dimg slurry (Tj) 25.78 35.78 53.19 0.35
Water (T^) 28.84 40.11 42.96 0.31
Control [no treatment] (T7) 31.01 42.94 37.41 0.25
SE(m) 0.09 0.31 1.29 0.003
CD 0.24 0.87 3.63 0.008

\
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4.2.1.4 Effect of interactions

TTie interaction effect of sowing positions and age of stones after

extraction from tlie fruit was significant [Table 8(a)] with respect to number of

days taken for initiation of germinatioa Earliness in germination (16.00 days) was

recorded in treatment S2A1 (stalk end iqj position + freshly extracted stones)

foDowed by S2A2 (stalk end vsp position + sowing of stones 10 days afier

extraction from fruit) (21.11 days) while the hi^iest number of days for initiation

of gcrminalbn (38.32 days) was recorded for Si A3 (fiat position + sowing of

stones 20 days after extraction from fruit).

Tlie interaction eflfect between sowing positbns and pre sowing treatments

was significant for days taken for initiation of gemination of mango stones [Table

9(a)]. The least number of days for initiation of ̂ rmination (19.51 days) was

noted in the treatment S2T2 (freshly extracted stoi^ + soaking of mangn ston^ at

200 ppm GA3) followed by S2T1 (fioslily extracted stones + soaking of mango

stones at 100 ppm GA3) (20.47 days). The highest number of days required for

initiation of germination (34.06 days) was recorded in SiT? (Flat position of

sowing + without treatment).

The interaction effect betwecnage of stones after extraction from the

fiuitand pre sowing treatments was significant for days taken for initiation of

germination of mango stones [Table 10(a)]. The least number of days for

initiation of germination (15.37 days) was noted in the treatment A1T2 (freshly

extracted stones + soaking of mango stones at 200 ppm GA3) followed by AiTi

(fresWy extracted stones + soaking of mango stones at 100 ppm GA3) (16.33

days). Whereas, the hi^est number of days required for initiatbn of germination

(41.20 days) was recorded in A3T7 (sowing of stones 20 days after extraction from

finit + without treatment).

The interaction between sowing positions, age of stones after extraction

from the fruit and pre sowing treatments found significant for days taken for

initiation of germination of mango stones [Table 11(a)]. The least number of days

for initiation of geimination of mango stone (13.00 days) was recorded in S2A1T2

(stalk end up position of sowing + freshly extracted stones + soaking of mango
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M  1 2 3 4 5
1  2 3 4 5

160.171)
135-145 bp

SSR-16 SSR-I9

2C 1 2 3 4 5 M  1 2 3 4 5

295-310 bp

SSR-20

310-»6tip

SSR -24

SSR-26

1  2 3 4 5

207-248 bp

SSR-52

1- Mother plant (Kochu Kilichuiidan), 2-5; Plantlets M: 100 bp ladder
Plate 6. Amplification profiles of genomic DNA ol plantlets obtained from \ ar. Kochu

Kilichundan and nwlher plant using SSR primers



M . i 2 3 4 5

2I)U-2MI bp

SSR -84

250-310 te

SSR -85

M  1 2 3 4 5

aj

110-14Ubp
110-140 If)

SSR -89 MNGSSR-H

MillHR 10

5  4 3 2 1 M

203-213 bp

iVIiflHR 11

1-Mother plant (Kochu Kilichundan), 2-5: Plantlcts M: 100 hp ladder

Plate 6.continued



193-Untp

MillHR 12

M  1 2 3 4 5

169-193 bp

MillHR 13

MillHR 15

1  2 3 4 5

230-262 bp

MlIIHR 21

1-Mother plant (Kochu Killchundan), 2-5: Plantiets M: 100 bp ladder

Plate O.continued
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ivcf 1 2 3 4 5

127-148 bp

237-260 bp

MUUIR 23 MillHR 24

10-229 tfp

MiIIHR3]

M  1 2 3 4 5

222-244 bp

MillHR 34

I-Mother plant (Koehu Kilichundan), 2-5: Plantlets M: 100 bp ladder

Plate 6.continued
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stones at 200 ppm GA3), which was on par with treatment S2A]Ti (staBc end up

position of sowing + freshly extracted stones + soaking of mango stones at 100

ppm GA3) (13.53 days), while the hi^st number of days required for initiation

of germination (43.20 days) was recorded in S1A3T7 (flat position of sowing +

sowing of stones 20 days after extraction from fixiit + without treatment).

4^.2 Days taken for 50 per cent of germination

The data on days taken for 50 per cent germination as influenced by

different sowing positions, age of stones after extraction from the fruit and pre

sowing treatments are presented in table 7(a).

4.2.2.1 Effect of sowing positions

The perusal of data presented in table 7(a) clearly indicated that the days

taken for 50 per cent germination of mango stone was significant^ influenced by

diferent sowing positions. The least number of days taken for 50 per cent

^nination (31.75 days) was noted in staDc end vp position compared to flat

position (40.91 days).

4.2.2.2 Effect of age of stones after extraction from the fruit

It is evident fix)m table 7(a) that age of stones after extraction from the

finit was significantly influenced the days taken for 50 per cent germination of

mango stones. The least number of days taken for 50 per cent germination (31.29

days) was recorded for freslily extracted stones conpared to stones sown at 10

days after extraction fiom fiTjh and 20 days after extraction from the fiiit. Sowing

of stones at 20 days after extraction from fiifrt recorded tlie hi^est nuniber of

days for 50 pCT cent germination (41.20 days).

\
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Table 7(b). GcrminatioD characters of niango as influenced by sowing

positions, age of stones after extraction from the fruit and pre^sowing

treatments on germination of mango stones

Treatments Seedling Dry weight Vigour Vigour
length of seedling index -I index-11

(cm) (g) (Gro>Nth (Weight
basis) basis)

Effect of sowing positions

Fkit (S,) 28.12 7.23 1192.08 305.72

Stalk end up (S2) 34.63 9.77 2176.50 603.27

SE(m) 0.10 0.04 26.48 12.49

CD 0.28 0.12 74.48 35.13

Effect of Age ofstone after extraction from fruit
Freshly extracted stone (A|) 36.60 9.85 2241.88 594.08

10 days after extraction (A2) 31.57 8.32 1714.50 458.53

20 days after extraction (A3) 25.95 7.33 1096.50 310.87

SE(m) 0.12 0.05 32.43 15.30

CD 0.34 0.15 91.22 43.03

Pre sowing treatments

GA3 -100 ppm (Tj) 35.70 10.39 1984.48 546.23

GAj - 200 ppm (T2) 34.70 10.01 2310.02 657.09

KNOj-1 ppm(T3) 33.26 9.22 1834.42 513.80

KN03-2ppm (T4) 32.27 8.59 1694.86 454.53

Cow dung shury (T5) 30.05 7.77 1740.60 444.77

Water (Ta) 27.82 7.12 1248.63 316.76

Control [no treatment] (T?) 25.83 6.39 977.03 248.33

SE(m) 0.19 0.08 49.54 23.37

CD 0.53 0.22 139.34 65.73

\
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4.2.2.3 Effect of pre sowing treatments

The pre-sowing treatments had a significant efiect on number of days

taken for 50 per cent germinatbn of mango stones [Table 7(a)]. The stones treated

with 200 ppm GA3 (T2) recorded the least number of days for 50 per cent

gemiination (31.78 days), whereas the h^iest nunfoer of days for 50 per cent

germination (42.94 days) was noted in control (T?).

4.2.2.4 Effect of interactions

The interaction efiect of sowing positbns and age of stones after

extraction fiom the fiuit was significant [Table 8(a)] with respect to number of

days taken for 50 per cent genrdnatioa The least number of days taken for 50 per

cent gpnnination (28.14 days) was recorded in S2A1 (stalk end up position +

fi'cshly extracted stones) foflowed by S2A2 (stalk end up position + sowing of

stones 10 days after extractbn from fruit) (31.71 days), while the highest number

of days for 50 per cent germination (47.00 days) was recorded for S1A3 (flat

position + sowing of stones 20 days after extraction from fruit).

The interaction effect between sowing positions and pre sowing treatments

was significant for days taken for 50 per cent germination of mango stones [Table

9(a)]. The least number of days taken for 50 per cent germinatbn (27,67 days)

was recorded in S2T2 (freshly extracted stones + soaking of mango stones at 200

ppm GA3), folbwed by S2T1 (freshly extracted stones + soaking of mango stones

at 100 ppm GA3) (29.22 days). The liigliest number of days for 50 per cent

germinatbn (48.56 days) was recorded in S1T7 (flat positbn of sowing + without

treatment).

The interactbn efect of age of stones after extractbn from the fruit and

pre sowing treatments did not show signifrcant results with respect to number of

days for 50 per cent germbatbn [Table 10(a)].

The interactbn efect between sowing positbns, age of stones after

extractbn from the fruit and pre sowing treatments with respect to number of days

taken for 50 per cent germination was non-significant [Table 11(a)].

\
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Table 8(a). Interaction effect of sowng positions and age of stones after

extraction from the fruit on germination of mango stones

IVeatments Days taken
for

initiation of

germination
(Days)

Days taken
for 50 per

cent

germination

(Days)

Germination

(%)

Rate of

germination

SiAi 21.12 34.43 48.89 0.41

S1A2 28.00 41.29 39.68 0.23

S1A3 38.32 47.00 34.29 0.14

S2A1 16.00 28.14 70.79 0.52

S2A2 21.11 31.71 65.08 0.50

S2A3 31.74 35.38 46.67 0.40

SEn<±) 0.08 0.29 1.20 0.003

CD (0.05) 0.23 0.81 3.36 0.007

Table 8(b). Interaction effect of somng positions and age of stones after
extraction from the fruit on germination of mango stones

Treatments Seedling
length
(cm)

Dry weight
of seedling

(g)

Vigour
index -I

(Growth
basis)

Vigour
index- II

(Weight
basis)

SiAi 33.04 8.20 1639.86 287.36

S1A2 28.65 7.15 1148.50 407.36

S1A3 22.66 6.35 787.89 222.45

S2A, 40.15 11.49 2843.90 780.80

S2A2 34.49 9.49 2280.50 629.71

S2A3 29.25 8.32 1405.11 399.31

SE m(±) 0.18 0.07 45.86 21.63

CD (0.05) 0.49 0.21 129.00 60.85
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4.2.3 Gcmiination {%)

The mean data on gemiination percentage as influenced by different

sowing positions, age of stones after extraction fix>m the fruit and pre sowing

treatmentsis presented intable 7(a).

4.2.3.1 Effect of sowing positions

With reg3rd to sowing positions, the results obtained were significant for

gcmiination percentage [Table 7(a)]. Hi^ier gemmation percentage (60.85 %)

was noted in stalk end up positbn conpared to flat position (40.95 %).

4.2.3.2 Effect of age of stones after extraction from the finit

The data presented in table 7(a) clearly indicated tliat there was significant

efifect due to a^ of stones after extraction from the ftuit on germination

percentage at 60 days after sowing The hi^st germination percentage (59.84 %)

was recorded in freslily extracted stones. Sowing of stones at 20 days after

extraction from fiTBt recorded tlie fowest germination percentage (40.48 %).

4.2.33 Effect of pre sowii^ treatments

It is apparent from the data presented in table 7(a) that there was a

significant difeence witli respect to germination percentage due to different pre-

sowing treatments. The hi^st germination percentage (62.59 %) was recorded

when mango stones treated with Tz (200 ppm GA3) foBowed by 100 ppm GA3

(55.19 %), wliereas the lowest gemiinatkin percentage (37.41 %) was observed in

treatment T? (control).

4.2.3.4 Effect of interactions

On statistical analysis, the iiteraction of sowir^ posftions and age of

stones after extraction fiom the finit was significant for germination percentage

60 DAS [Table 8(a)]. The germinatbn percentage was hi^ier (70.79 %) in stalk

end ip method of sowing of ficshly extracted stones (S2A]), followed by stalk erxi

ip method of sowing of stones at 10 days after extraction from fruit (S2A2). Tlie

least percental of germination (34.29 %) was noted in flat method of sowing of
mango stor^ at 20 days after extraction from fruit (S1A3).
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The interaction eflfect of sowing positbns and pre sowing treatments with

respect to germination percentage was non-significant [Table 9(a)].

The interaction efiect betweenage of stones after extraction from the fiiit

and pre sowing treatments with respect to germination percentage was non

significant [Table 10(a)].

The interaction eifect between sowing positions, age of stones after

cxtractbn fix)m tlie fruit and pre sowing treatments with respect to germination

percentage was non-significant [Table 11(a)].

4.2.4 Rate of gemilnation

Tlie data regarding rate of germination as influenced by diferent sowing

positions, age of stones after extraction from the finit and pre sowing treatments is

presented in table 7(a).

4.2.4.1 EfTcet of sowing positions

Tliere was significant diference in rate of germination as influenced by

various sowing positions [Table 7(a]. The stones sown in staBc end up position

(S2) recorded higher germination rate (0.47) as conpared to flat position (0.26).

4.2.4.2 Effect of age of stones after extraction from the fhiit

The data presented in table 7(a) indicated that difeent age of stones after

extraction from the fruit significant^ influenced the rate of germinatioa Freshly

extracted stones recorded tire higher rate of germination (0.47) conpared to

stones sown at 10 da>^ after extraction from fruit (0.36) and 20 days after

extraction from fruit (0.28).

4.2.4.3 Effect of pre sowing treatments

It is evidentfiom the data presented in table 7(a) that the pre sowing

treatments significanlly influenced the rate of genninatioa The mango stones

treated with 200 ppm GA3 (T2) recorded highest rate of germination (0.48),

whereas tlie fewest germination rate (0.25) was observed in treatment Ty (control.

\
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Table 9(a). Interaction effect of soning positions and pre-sowing treatments

on germination of mango stones

Treatments Days taken
for initiation

of

germination
(Days)

Days taken
for 50 per

cent

geniiination
(Days)

Germination

(%)
Rate of

germination

S.T, 27.31 37.79 52.59 0.30

S.T2 25.73 35.89 44.44 0.35

S,T, 27.42 39.11 42.22 0.30

S,T4 28.87 40.22 37.78 0.27

S.Ts 28.76 39.89 45.19 0.27

SJfi 31.87 44.49 34.07 0.19

SiT, 34.06 48.56 30.37 0.16

S2T, 20.47 29.22 65.93 0.55

S2T2 19.51 27.67 72.59 0.60

S2T3 21.56 30.11 63.70 0.53

S2T4 22.51 30.89 62.22 0.44

S2T5 22.82 31.67 65.18 0.42

S2T6 25.82 35.33 51.85 0.42

S2T7 27.96 37.33 44.44 0.34

SE m(±) 0.12 0.44 N.S 0.004

CD (0.05) 0.35 1.23 N.S O.OIl
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4.2.4.4 Effect of interactions

The interaction efet of sowing positions and age of stones after

extraction fi"om the fruit was significant [Table 8(a)] with respect to rate of

germinatioa The hi^st germination rate (0.52) was recorded in S2A1 (stalk end

qD position + fî hly extracted stories) foBowed by S2A2 (staDc end vp position +

sowing of stones 10 days after extraction from fioiit) (0.50) while fewest

germination rate (0.14) was recorded in SjAs (flat position + sowing of stones 20

days after extraction from fiiiit).

Tlie interaction efiect between sowing positions and pre sowing treatments

was significant for rate of germination [Table 9(a)]. The hi^iest rate of

germination (0.60) was noticed in S2T2 (freshly extracted stones + soaking of

mango stones at 200 ppm GA3) followed by S2T1 (fi^hly extracted stones +

soaking of mango stones at 100 ppm GA3) (0.55). The fewest gentiination rate

(0.16) was recorded in S1T7 (Flat position of sowing + without treatment).

The interaction effect between age of stones after extraction fixim the fiiiit

and pre sowing treatments was significant for rate of germination of mango stones

[Table 10(a)]. The hi^iesl rate of germination (0.66) was noted in treatment AiTz

(fi^sWy extracted stones + soaking of mango stones at 200 ppm GA3), followed

by A|Ti (freshly extracted stones + soaking of mango stones at 100 ppm GA3)

(0.59). The least germination rate (0.23) was recorded in A3T7 (sowing of stones

20 days after extractfen from finit + without treatment).

The interaction efect of sowing positions, age of stones after extraction

from the fruit and pre sowing treatments was significant for rate of germination of

mango stones [Table 11(a)]. The hi^iest rate of germination (0.74) was obtained

from the treatment S2A1T2 (stalk end \ip position of sowing + freshfy extracted

stones + soaking of mango stones at 200 ppm GA3), followed by S2A1T1 (stalk

end position of sowing + fiushly extracted stones + soaking of mango stones at

100 ppm GA3) (0.66). The least germination rate (0.11 days) was recorded in

SjAaT? (fiat position of sowing + sowing of stones 20 days after extraction from

fruit + without treatment).

0-^
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4.2.5 Seedling length (cm)

The data on seedling lengtli 120 DAS as influenced by different sowing

positions, age of stones after extraction from the finit and pre sowing treatments is

presented in table 7(b).

4.2.5.1 Effect of sowing positions

There was significant difierence in seedling length 120 DAS as influenced

by various sowing positions [Table 7(b)]. The stones sown in stalk end itp position

produced significantly higher seedling length (34.63 cm) compared to flat position

(28.12 cm).

4.2.5.2 Effect of age of stones after extraction from the fruit

It is apparent from the data given in table 7(b) that there was a significant

eflfect due to age of stones after extraction fiom the fiuit on seedling length 120

days after sowing The hi^iest seedling length (36.60 cm) was recorded in fî hly

extracted stones. The stones sown 20 days after extraction fix)m fruit recorded the

least seedling length (25.95 cm).

4.2.53 Effect of pre sowing treatments

From table 7(b) it is evident that pre-sowing treatments had significant

effect on seedling length 120 days after sowing The hi^est seedling length
(35.70 cm) was noted in GAj 100 ppm (Tz), folfowed by 200 ppm GA3 (34.70

cm). The least seedling length (25.83 cm) was recorded in control (without

treatment).

4.2.5.4 Effect of interactions

TTie interaction efet of sowing positions and age of stones after

e>3raction fiom the fiuit was significant [Table 8(b)] with respect to seedfing

length 120 DAS. The hi^iest seedling len^ (40.15 cm) was recorded in

treatment S2A1 (stalk end iq) position + freshly extracted stones), followed by

S2A2 (staflc end \xp position + sowing of stones 10 days after extraction from fioit)

(34.49 cm). The lowest seedling length (22.66 cm) was recorded in Si A3 (flat
positbn + sowing of stones 20 days after extraction from fririt).

\
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Table 9(b). Interaction effect of solving positions and prc-sowing treatments

on germination of mango stones

IVeatments Seedling
length
(cm)

Dry
weight of
seedling

(g)

Vigour index
-I

(Gro>vth
basis)

Vigour index
-II

(Weight
basis)

SiT, 31.41 8.11 1392.44 381.30

S1T2 30.67 8-46 1688.94 432.56

S1T3 29.76 7.67 1285.62 329.14

S,T4 29.29 7.33 1135.30 282.25

S1T5 27.21 6.95 1251.86 317.51

S1T6 25.31 6.44 869.93 222.20

S1T7 23.17 5.65 720.48 175,10

S2T1 39.98 12.32 2576.52 711.15

S2T2 38.72 11.91 2931.10 881.62

S2T3 36,75 10.76 2383.21 698.45

S2T4 35.24 9,85 2254.43 626.80

S2T5 32.89 8.59 2229.34 572.02

S2T6 30.34 7.80 1627.32 411.31

S2T7 28.49 7.13 1233.57 321.55

SEn<±) 0.27 O.Il 70.06 33.05

CD (0.05) 0.75 0.32 197.06 92.95
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The interaction effect between sowing positions and pre sowing treatments

was significant with respect to seedling length 120 DAS [Table 9(b)]. Tie hi^st

seedling length (39.98 cm) was obtained fiom treatment S2T1 (ficshly extracted

stones + soaking of mango stones at 100 ppm GA3), foBowed by S2T2 (freshly

extracted stones + soaking of mango stones at 200 ppm GA3) (38.72 cm). The

fewest seedling length (23.17 cm) was recorded in treatment S1T7 (Flat position of

sowing + without treatment).

The interaction efect between age of stones after extraction from the fruit

and pre sowing treatments was significant for seedling length 120 DAS [Table

10(b)]. The hi^iest seedling length (40.84 cm) was noticed in treatment AiTi

(freshly extracted stones + soaking of mango stones at 100 ppm GA3) followed by

A1T2 (freslily extracted stones + soaking of mango stones at 200 ppm GA3) (39.80

cm). The least seedling len^ (21,02 cm) was recorded in A3T7 (sowing of stones

20 days after extraction from fruit + without treatment).

The interaction between sowing positions, age of stones after extraction

from the fruit and pre sowing treatments found significant for seedling length 120

DAS [Table 11 (b)]. The liighest seedling length (44.43 cm) was noted in

treatment S2A1T1 (staDc end 153 position of sowing + freshly extracted stones +

soaking of mango stones in 100 ppm GA3) which was on par with S2A1T2 (stalk

end position of sowing + freshly extracted ston^ + soaking of mang> stones in

200 ppm GA3) (43.58 cm). The feast seedling length (18.81 cm) was noted in

S1A3T7 (flat position of sowing + sowing of stones 20 days after extraction from

fruit + without treatment).

4.2.6 Diy weight of seedling (g)

The data regarding diy wei^ of seedling 120 DAS as influenced by

different sowing positions, age of stones after extraction from tire fruit and pre

sowing treatments is presented in table 7(b).

4.2.6.1 Effect of sowing positions

With regard to sowing positions, the results obtained was significant for

diy wei^ of seedlingl20 DAS [Table 7(b)]. The stones sown in stalk end up
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position recorded the hi^est seedling dry wei^ (9.77 ̂  over flat position (7.23

•  g).

4.2.6.2 Effect of age of stones after extraction from the fruit

A ctose perusal of data [Table 7(b)] revealed that age of stones after

extraction from the fruit was influenced the dry wei^ of seedling. The hi^st

seedling dry wei^ (9.85 ̂  was recorded for freshty extracted stones compared

to sowing of stones at 10 days after extraction from the fruit (8.32 g) and 20 days

after extraction from tlie fruit (7.33 g).

4.2.6.3 Effect of pre sowing treatments

^  The pre-sowing treatments had a significant efect on dry wei^ of
seedling [Table 7(b)]. Significant^ higher dry wei^ (10.39 g) was recorded in

100 ppm GA3 pre-treated stones, foDowed by 200 ppra GA3 (10.01 ̂  and 1 ppm

KNO3 (9.22 g). Tlie sowing of stones witlx)ut any pre-sowing treatments (control)

recorded tlie least seedling dry weight (6.39

4.2.6.4 Effect of interactions

On statistical analysts, it was inferred that the interaction between sowing

positions and age of stone after extraction fiom the Suit was significant for

seedling dry weight 120 DAS [Table 8(b)]. The hi^st dry weight of seedling

(11.49 g) was recorded in stalk end sowing method of freshly extracted stones

(S2A1), followed by stalk end up sowing of stones 10 days after extraction from

g  fhat (S2A2) (9.49 g). The least seedling dry wei^ (6.35 ̂  was noticed in flat

method of sowing of mango stones sown 20 days after extraction from fruit

(S1A3).

The interaction effect of sowing positions and pre sowing treatments on

seedling dry wei^it 120 DAS [Table 9(b)] was significant. The hi^icst dry wei^

of seedling (12.32 g) was obtained fiom stalk end xxp sowing of 100 ppm GA3 pre-

treated stones (S2T1), foDowed by stalk end vtp method of sowing of 200 ppm GA3

pre-treated stones (S2T2) (11.91^. The least dry wei^t of seedling (5.65 ̂  was

recorded in flat position sowing of stones without any pre sowing treatments

•  (S1T7).

V
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Table 10 (a). Interaction effect of age of stones after extraction from the fhiit
and pre-soning treatments on germination of mango stones

Treatments Days taken
for initiation

of

germination
(Days)

Days taken
for 50 percent
germination

(Dai's)

Germination

(%)

Rate of

germination

A,T, 16.33 28.83 63.33 0.59

A,T2 15.37 26.67 72.22 0.66

A,T3 16.50 28.00 62.22 0.56

A,T4 18.70 30.50 57.78 0.41

A.Ts 19.13 31.00 64.45 0.42

A.Tfi 21.03 35.17 52.22 0.35

A.Tv 22.83 38.83 46.67 0.27

A2T, 22.77 33.67 63.33 0.40

A2T2 21.26 32.33 54.45 0.43

A2T3 23.70 35.67 54.45 0.40

A2T4 24.47 36.00 54.44 0.38

A2T5 23.63 35.33 57.78 0.36

A2T6 27.03 40.17 44.44 0.31

A2T7 29.00 42.33 37.78 0.24

A3T1 32.57 39.33 52.22 0.28

A3T2 31.23 36.33 47.78 0.33

A3T3 33.27 38.83 42.22 0.29

A3T4 33.90 40.17 37.78 0.27

A3T5 34.60 41.00 43.33 0.27

A3T6 38.47 45.00 32.22 0.26

A3T7 41.20 47.67 27.78 0.23

SEni(±) 0.15 N.S N.S 0.005

CD (0.05) 0.42 N.S N.S 0.013
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TTie interaction eflfect of age of stones after extraction fi"om the fiuit and

pre sowing treatrnents were significant for seedling dry wei^t 120 DAS [Table

10(b)]. Hie W^st seedling dry weight (12.16 g) was obtained fi-om treatntent

AiT| (fieshfy extracted stones + soaking of mango stones at 100 ppm GA3),

foDowed by A1T2 (fieshly extracted stones + soaking of mango stones at 200 ppm

GA3) (11.71 The least seedling dry wei^ (5.70 ̂  was recorded in treatment

A3T7 (sowing of stones 20 days after extraction fiom fiiit + without treatment).

The interaction effect of sowing positions, age of stones after extractbn

from the fiuit and pre sowing treatments with respect to seedling dry weight was

significant [Table 11(b)]. The highest dry weight of mango seedling (14.72 ̂  was

recorded in S2A1T1 (stalk end ip position of sowing + freshly extracted stones +

soaking of mango stones at 100 ppm GA3) which was on par with S2A]T2 (stalk

end up position of sowing + freshly extracted stones + soaking of mango stones at

200 ppm GA3) (14.25 g). The least seedling dry wei^ (4.71 g) was recorded in

S1A3T7 (flat position of sowing + sowing of stones 20 days after extraction fiom

fiuit + without treatment),

4.2.7 Vigour index- I

Tlic mean data on seedling vigom" index- I 120 DASas influenced by

di&rent sowing positions, age of stones after extraction from the fiuit and pre

sowing treatments is presented in table 7(b).

4.2.7.1 Effect ofsomng positions

There was significant difference in seedlmg vigour index- I 120 DAS as

influenced by various sowing positions [Table 7(b)]. The stones sown in stalk end

qi position produced hi^ier vigour index-I (2176.50) over flat position (1192.08).

4.2.7.2 Effect of age of stones after extraction from the fruit

It B apparent from the data given in table 7(b) that age of stones after

extraction from the fiuit had significant influence over seedling vigour index- I.

The fullest vigour index- I (2241.88) was recorded for fiush^ extracted stones

(Ai) 120 DAS. The stones sown 20 days after extraction from fiuit (A3) recorded

the fowest vigaur index- 1(1096.50).
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Table 10(b). Interaction effect of age of stones after extraction from the fruit

and pre-so^g treatments on germination of mango stones

Treatments Seedling
length
(cm)

Dry weight
ofsccdling

(g)

Vigour
Index -I

(Growth
basis)

Vigour
index- 11

(Weight
basis)

A.T, 40.84 12.16 2558.96 625.83

A.Ta 39.80 11.71 2975.53 871.11

A1T3 38.43 10.83 2430.32 698.30

A1T4 38.13 10.29 2258.79 616.12

A.T5 35.23 8.96 2356.03 591.68

A.Tfi 32.85 7.90 1757.16 419.20

A,T7 30.88 7.06 1356.35 336.33

A2T, 36.43 9.93 2356.85 579.28

AjT2 34.88 10.22 1937.46 652.39

A2T3 33.61 8.80 1875.62 496.42

A2T4 32.70 8.19 1825.96 465.60

A2T5 30.06 7.51 1778.00 444.12

A2T6 27.72 7.14 1245.15 324.92

A2T7 25.59 6.42 982.44 247.04

A3T, 29.82 8.39 1597.67 433.57

A3T2 27.72 8.79 1457.02 447.77

A3T3 29.40 8.03 1197.32 346.68

A3T4 25.% 7.29 999.84 281.86

AjTs 24.85 6.83 1087.78 298.50

A3T6 22.91 6.32 743.57 206.16

A3T7 21.02 5.70 592.29 161.61

SE m(±) 0.33 0.14 N.S N.S

CD (0.05) 0.92 0.39 N.S N.S
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4.2.7.3 Effect of pre sowing trcatnKnts

From table 7(b) it is evident tiiat pre-sowing treatments had significant

effect on vigour index- I 120 days after sowing Significantly hi^r vigour index-

I  (2310.02) was observed in 200 ppm GA3 treated stones (T2), foltowed by 100

ppm GA3 (1984.48). The least vigour index- I (977.03) was recorded in control

(without treatment).

4.2.7.4 Effect of interactions

On statistical analysis of the data, the interaction of sowing positions and

age of stone after extraction fiom tJie fiuit was significant for vigour index- I

[Table 8(b)]. The largest values for vigour index- I (2843.90) was recorded in

stalk end vp method of sowing of fieshly extracted stones (S2A1), followed by

stalk end \jp of sowing of stones at 10 days after extraction fix)m fiijit (S2A2)

(2280.50). The least vigour index- I (787.89) was in flat nxthod sowing of mango

stones at 20 days after extraction fiom (Si A3).

Sigiificant eflfcct was observed in interaction between sowing position,

pre sowing treatments and vigour index-I 120 DAS [Table 9(b)]. The highest

vig)ur index-I (2931.10) was recorded in stalk end vp sown 200 ppm GA3 pre-

treated stones (S2T1), followed by stak end up sown 100 ppm GA3 pre-treated

stones (S2T2) (2576.52). Tlie least vigour index-I (720.48) was recorded in fiat

position sown mango stones without any pre sowing treatments (S1T7).

Hie interaction effect betweenage of stones after extraction fiom the fruit

and pre sowing treatments wfth respect to vigour index-I was non-significant

[Table 10(b)].

The interaction effect between sowing positions, age of stones after

extraction from the fiuit and pre sowing treatments with respect to vigour index- I

was non-significant [Table 11(b)].
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Table 11(a). Interaction effect of sowing positions, age of stones after

extraction from the fruit and pre-sowing treatments on germination of

mango stones

Treatments Days taken Days taken Germination Rate of

for

initiation of

for 50 per
cent

(%) germination

germination
(Days)

germination
(Days)

S,A,Ti 19.13 31.33 53.33 0.51

S,A,T2 17.73 30.33 62,22 0.58

SiA,T3 18.33 31.67 51.11 0.51

SiAiT^ 21.00 33.67 46.67 0.40

S1A1T5 22.20 33.33 53.33 0.41

SiA,T6 23.73 38.34 40.00 0.26

S,A,T7 25.73 42.33 35.55 0.21

S1A2T, 26.00 37.34 51.11 0.24

S,A2T2 24.00 36.33 42.22 0.25

S,A2T3 26.53 41.33 40.00 0.24

S1A2T4 27.67 41.67 35.55 0.26

S1A2T5 26.87 39.33 44.45 0.26

SIA2T6 31.60 45.34 33.33 0.21

S1A2T7 33.27 47.66 31.11 0.15
SIA3T, 36.80 44.67 37.38 0.14

SIA3T2 35.47 41.00 44.45 0.21

SIA3T3 37.40 44.33 35.55 0.16
S1A3T4 37.94 45.34 31.11 0,14

S1A3T5 37.20 47.00 37.78 0.14

SIA3T6 40.27 51.00 28.89 0.12

S1A3T7 43.20 55.67 24.45 0.11
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Table ll(a).intcraction effect of sowing positions, age of stones after

extraction from the fruit and pre-so>ving treatments on germination of

mango stones (continuec^

Treatments Days taken Days taken Germination Rate of

for initiation

of

for 50 per
cent

(%) germination

germination
(Days)

germination
(Days)

S,A,T, 13.53 26.34 73.33 0.66

SjA.T; 13.00 23.00 82.22 0.74

SiA.T, 14.67 24.33 73.33 0.60

S2A,T4 16.40 27.34 68.89 0.42

S2A,T5 16.07 28.66 75.56 0.42

S^A.Te 18.33 32.00 64.45 0.45

S2A1T7 19.93 35.33 57.78 0.33

S2A2T. 19.53 30.00 66.67 0.56

S2A2T2 18.53 28.33 75.55 0.60

S2A2T3 20.87 30.00 68.89 0.58

S2A2T4 21.27 30.33 73.33 0.50

S2A2T5 20.40 31.34 71.11 0.45

S2A2T6 22.47 35.00 55.55 0.41

S2A2T7 24.73 37.00 44.45 0.33

S2A5T, 28.33 34.00 57.78 0.42

S2A3T2 27.00 31.67 60.00 0.44

SjAjTj 29.13 33.33 48.89 0.42

S2A3T4 29.87 35.00 44.45 0.41

S2A3T5 32.00 35.00 48.89 0.41

S2A3Ta 36.67 39.00 35.55 0.40

S2A3T7 39.20 39.67 31.11 0.34

SE m(±) 0.21 N.S N.S 0.007

CD (0.05) 0.60 N.S N.S 0.019
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4.2.8 Vigour index n (cm)

Hie data re^rding vigour index- II 120 DASas influenced by diflferent

sowing positions, age of stones afier extraction flom flie fiuit and pre sowing

treatmcntsis presented intable 7(b).

4.2.8.1 Effect of sowing positions

There was significant di&rence in vigour index- II 120 DAS as

influenced by various sowing positions [Table 7(b)]. Tlie stones sown in staDc end

iq) position produced significantly higher vigour index- II (603.27) over flat

position (305.72).

4.2.8.2 Effect of age of stones after extraction from the fruit

It is evident fiom the data given in table 7(b) Uiat there was a significant

effect for age of stones after extraction fixim the finit on vigour index- II 120 days

after sowing. The hi^est vigotr index- II (594.08) was recorded for fi-eshly

extracted stones (Ai). The stone sown 20 days after extraction fiom fruit (A3)

recorded the bwest vigour index- II (310.87).

4.2.8.3 Effect of pre sowing treatments

From table 7(b) it is evident that pre-sowing treatments had significant

efect on vigour index- II 120 days after sowing. The hi^iest vigour index- n

(657.09) was observed in 200 ppm GA3 treated mangp stones (T2), foUowed by

100 ppm GA3 (546.23). The lowest vigour index- U (248.33) was recorded for

control

4.2.8.4 Effect of interactions

The interaction effect of sowing positions and age of stones after

extraction from the fiuit was significant for vigour index- II [Table 8(b)]. Hie

hi^st vigour index- II (780.80) was recorded for stalk end xjp sowing of fioshfy

extracted stones (S2Ai), followed by stalk end up sowing of stones at 10 days after

extraction fiom fiuit (S2A2) (629.71). The least vigour index- II (222.45) was

noted in flat position sowing of mango stones at 20 days after extraction fi-om fiuit

(S1A3).

102



Table 11(b). Interaction cfTcct of solving positions, age of stones after
extraction from the fruit and pre-sowing treatments on gennination of
mango stones

Treatments Seedling Dry Vigour Vigour
length weight of index -I index- 11

(cm) seedling (Growth (Weight

(g) basis) basis)

SiAiT, 37.26 9.60 1918.80 511.44

S1A1T2 36.02 9.16 2319.70 569.87

S,A,T3 34.83 8.65 1781.80 442.24

SiA]T4 34.42 8.36 1611.42 390.17

S,AiT5 31.55 7.75 1680.84 412.84

SiAiXb 29.50 7.35 1180.86 293.35

S1A1T7 27.71 6.49 985.58 231.59

S1A2T, 32,31 8.00 1348.99 351.10

S1A2T2 31.92 8.32 1650.36 408.90

S1A2T3 30.68 7.56 1230.04 302.38

S1A2T4 30.30 7.23 1074.99 257.56

S1A2T5 27.04 6.78 1203.30 300.97

S1A2T6 25.31 6.39 816.15 211.73

S,A2T7 23.01 5.75 715.64 178.88

S1A3T, 24.67 7.16 909.52 281.37

SIA3T2 24.08 7.45 1096.77 318.91

S,A3T3 23.77 6.81 845.01 242.81

S1A3T4 23.14 6.40 719.48 199.01

SIA3T5 23.05 6.32 871.44 238.70

SiAsTe 21.12 5.58 612.77 161.51

S1A3T7 18.81 4.71 460.21 114.83
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Table U(b).Intcraction effect of sowing positions, age of stones after
extraction from the fruit and pre-sowing treatments on germination of
mango stones (continued)

Treatments Seedling Diy Vigour Vigour
length wijight of index -I index- 11

(cn^ seedling (Growth (Weight

(g) basis) basis)

S2A,Ti 44.43 14.72 3199.11 740.22

S2A1T2 43.58 14.25 3631.36 1172.35

S2A1T3 42.85 13.00 3078.84 954.35

S2A]T4 42.89 12.21 2906.15 842.05

S2A,T5 38.92 10.18 3031.21 770.52

S2A1T6 36.20 8.46 2333.45 545.04

S2A,T7 34.06 7.63 1727.12 441.08

S2A2T, 40.55 12.13 2525.93 807.47

S2A2T2 37.85 11.87 3063.35 895.88

S2A2T3 36.55 10.04 2521.19 690.45

S2A2T4 35.10 9.16 2576.93 673.64

S2A2T5 33.09 8.25 2352.69 ■  587.25

S2A2T6 30.13 7.90 1674.15 438.09

S2A2T7 28.18 7.09 1249.24 315.19

S2A3T, 34.96 10.13 2004.51 576.62

S2A3T2 34.73 9.61 2098.58 585.76

S2A3T3 31.67 9.24 1549.62 450.55

S2A3T4 28.78 8.19 1280.20 364.70

S2A3T5 26.65 7.34 1304.12 358.29

S2A3T6 24.70 7.05 874.36 250.80

S2A3T7 23.24 6.68 724.35 208.39

SEnX±) 0.46 0.20 N.S N.S

CD (0.05) 1.30 0.54 N.S N.S

N<\
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The interaction effect between sowing positions and pre sowing treatments

on vigour index-II 120 DAS [Table 9(b)] was significant. The highest vigour

index-n (881.62) was obtained from stalk end up method of sowing of 200 ppm

GA3 pre-treated stones (S2T2) foDowed by stalk end up method of sowing of 100

ppm GA3 pre-treated stones (S2T1) (711.15). The bwest vigour index-II (175.10)

was noted in flat position sowing of mango stones without any pre sowing

treatments (S1T7).

The interaction effect of age of stones after extraction from the fruit and

pre sowing treatments with respect to vigour index- II was non-significant [Table

10 (b)].

The interaction effect between sowing positions, age of stones after

extraction fiom the fiuit and pre sowing treatments with respect to vigour index-

11 was non-significant [Table 11(b)].

4.3 Screening of mango varieties for use as dwarfing rootstock

An attenpt lias been made to identify the tocal mango varieties for using

as dwarfing rootstock based on morphofogjcal, physiological arxl anatomical

features. The data collected were analysed and results are presented befow.

4.3.1 Germination character

The germination characters of stones of selected indigenous varieties siK^h

as germination (%), seedling length, dry wei^ of seedling, seedling vigour

index- I and seedling vigour index- II were recorded and the analyzed data are

fiimished below.

4.3.1.1 Germination percentage

The average data on germination percentage at 4 months after sowing

(MAS) of diferenl mango genotypes were presented in table 12. The germination

percentage was difeed significantly among the varieties under study. The cbse

perusal of data presented in Tabb 4.14 clearly indicated that the highest

germinatbn percentage (71.11 %) was recorded in var. Kappa Man^ and the

varieties Vellari Varikka (62.22 %), Thafi Manga (62.22 %) and Kasthuri (60.00
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%) were on par with Kappa Manga. The least germinatbn percentage (42.22 %)

was recorded in var. Kotookonain Varikka (Ti).

4.3.1.2 Seedling lei^fa

The data presented in table 12 showed significant diflerence anx>ng the

varieties with regard to seedling length at 4 MAS. The statistical analysis (Table

12) of seedling length revealed that the var.Kochu Kilichundan (T4) recorded the

least seedling length (29.48 cm), foDowed by UndaVarikka (33.19 cm) and

Paiveli Local (37.28 cm). The highest seedling seedling length (56.11cm) was

recorded in Kappa Manga (Ts).

43.13 Dry weight of seedling

The examination of data reading the seedling dry wei^ among

different varieties under study were presented in table 12 indicated significant

dl&rences. The analysis on the dry wei^ of seedling revealed that the lowest

seedling dry weight (9.66 g) was noted in Unda Varikka (Tio), foDowed by Kili

Manga (T7) (11.94 g), PaiveK Local (T9) (12.43 g) and Kochu Kilichundan (T4)

(13.79 The hi^st seedling dry wei^t (25.51 g) was recorded in Vellari

Varikka (T5).

4.3.1.4 Vigour index- I

Tlie data on seedling vigour index -I on growtli basis of different

indigenous mango at 4 MAS is presented in tabfe 12. There was significant

diflerence among the treatments under study. The least vigour index- I (1373.69)

was recorded in Kochu Kilichundan (T4). The varieties Unda Varikka (1476.99),

Pallikkal Local (1578.38), PaiveH Local (1906.63) and Kili Manga (2330.34)

were on par with Kochu Kilichundaa The hi^iest vigour index- I (3993.19) was

noticed in var. Kappa Manga (Tg).
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Table 12. Gemiination characters ofdinerent mango genotypes

Treatments Germination Seedling Diy Vigour Vigour
(%) length weight index -I index-

(cm) of (growth II

seedling basis) (weight
(E) basis)

Ti 42.22 53.53 20.64 2734.56 1055.35

T2 60.00 41.27 18.52 2475.38 1110.98

T3 62.22 45.69 14.18 2844.92 883.30

T4 46.67 29.48 13.79 1373.69 645.15

Ts 62.22 51.27 25.51 3419.60 1699.78

T6 51.11 48.69 19.41 1578.38 819.51

Tt 46.67 49.66 11.94 2330.34 557.89

Tg 71.11 56.11 24.08 3993.19 1712.14

T9 51.11 37.28 12.43 1906.63 635.36

Tio 44.44 33.19 9.66 1476,99 429.14

SE m(±) 5.58 0.56 0.14 337.11 88.16

CD 16.57 1.67 0.42 1001.48 261.91
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43.1.5 Vigour index- II

The data on seedling vigour index -II on we^il basis of different mango

varieties at 4 MAS is presented in table 12. There was significant difeence

among the treatments under study. The least vigour index-II (429.14) was

recorded in Unda Varikka (Tio). The varieties KJli Manga (557.89), Paiveli Local

(635.36) and Kochu Kflbhundan (645.15) were on par with Unda Varikka. The

hyiest vigour index- 11 (1712.14) was recorded in var. Kappa Manga (Tg).

4.3.2 Vegetative and growth characters

Data pertaining to tlie variation in vegetative and growth features v/z.,plant

hei^^t, number of leaves, leaf lengh, leaf width, average leaf area, total leaf area,

intemodal length, number of roots, root length, dry matter of shoot and root of

selected indigenous varieties were recorded and the analyzed data are presented

below.

43.2.1 Plant height

The plant heigit was recorded at 6 months after germination [Table 13(a)].

AD the varieties showed significant differences with respect to plant height The

plant heigit was fewest (38.77 cm) in var. Kochu Kilichundan (T4) and it was on

par witli Unda Varikka (40.20 cm). Kappa Manga (Tg) differed significant^ fiom

aD the varieties with respect to plant height (71.66 cm).

43.2.2 Number of leaves

The data on number of leaves of different rndigemus mango varieties are

presented in table 13(a). There was significant difference among the treatments

irnder study. Six nx)nth after germination, tire variety Paiveli Local produced least

number of leaves (18.27), followed by Kochu Kilichundan (20.27) and Unda

Varikka (23.20). The Kappa Man^ produced significantly hi^ier nunfoer of

leaves (34.60).
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TaWe 13(a).Vegetative and growth character ofdiflcrcnt mango genotypes

IVeatmcnts Plant Number Leaf Leaf

height of leaves length width

(cm) (cm) (cm)

T] 68.19 27.48 16.35 4.30

T2 56.03 32.73 13.79 4.09

T3 60.75 29.60 14.49 4.31

T4 38.77 20.27 9.80 3.23

Ts 65.93 31.20 16.18 4.33

T6 63.76 29.13 20.78 5.65

T7 65.30 26.13 14.43 4.29

Tg 71.66 34.60 22.39 5.77

T9 53.24 18.27 11.95 4.06

T,o 40,20 23.20 12.59 4.07

SE m(±) 0.49 0.36 0.23 0.04

CD 1.45 1.06 0.67 0.12

Table 13(b). Vegetative and growth characters of different mango genotypes

IVeatroents Average leaf
area

(cm^)

Total leaf

area

(cm^)

Intemodal

length
(cm)

Ti 40.87 428.98 8.48

T2 35.51 410.85 4.87

T3 40.52 534.66 6.89

T4 18.53 153.60 3.16

Ts 43.20 619.34 7.65

T6 69.48 552.23 6.05

T7 32.02 360.35 6.58

Tg 72.90 1,462.99 9.25

T9 30.49 337.63 5.83

Tio 22.57 174.81 3.53

SE m(±) 0.34 10.18 0.10

CD 1.02 30.23 0.29
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43.2.3 Leaf length

The data presented in table 13(a) sliowed s^nificant difference among the

varieties with regard to leaf length 6 months after germinatioa The shortest leaf

length (9.80 cm) was noticed in Kochu Kilichundan, folfowed by Paiveli Local

(11.95 cm) and Unda Varikka (12.59 an). The var. Kappa Man^ (Tg) recorded

significantly higher leaf length (22.39 cm) than other varieties.

43.2.4 Leaf width

The data on leaf width of different mango ^notypes 6 month after

^rmination were presented in table 13(a). The leaf width difered significantly

among the varieties under study. The perusal of data presented in Table 13. a

clearly indicated that the fewest leaf width (3.23 cm) was recorded in var. Kochu

Kilichundan, followed by Paiveli Local (4.06 cm) and Unda Varikka (4.07 cm).

The var. Kappa Manga (Tg) produced leaves with highest width (5.77 cm).

43.2.5 Average leaf area

The data regarding average leaf area of different mango genotypes at 6

montli after germination were presented in table 13(b). The average leaf area

differed significantly among the varieties under study. At 6 MAS, the var. Kochu

Kilichundan (T4) recorded the least average leaf area (18.53 cm^), followed by
Unda Varikka (22.57 cm^). The Kappa Manga (Tg) produced leaves witli highest

average leaf area(72.90 cm^).

4.3.2.6 Total leaf area

Significantdifeence between treatments were observed with respect to
total leaf area [Table 13(b)]. At 6 MAS, the var. Kochu Kilichundan (T4) recoixled

the least total leaf area (153.60 cm^) and it was on par with Unda Varikka (174.81
cm^). The Kappa Manga (Tg) produced leaves with hi^iest total leaf aiBa(1462.99
cm ) than other s'arieties.

\
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Table 13(c).Vegctativc and growtb characters of different mango genotypes

Treatments Number

of roots

Root

length
(cm)

Diy
matter of

shoot

(g)

Diy
matter of

root

(g)
Ti 48.97 40.76 8.26 4.44

T2 32.80 37.68 5.26 2.57

T3 43.87 32.97 7.28 3.29

T4 28.53 35.02 3.10 1.46

Ts 39.93 45.51 10.29 6.16

Te 38.07 42.02 5.40 4.70

Tt 34.86 28.98 1.42 1.26

Tg 47.20 44.98 8.40 5.71

T9 24.87 34.45 2.17 2.24

T,o 20.80 25.88 1.30 1.14

SE ni±) 0.33 0.29 0.07 0.09

CD 0.98 0.88 0.20 0.29

\
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4.3.2.7 Intcmodal length

From the analyzed data on intemodal length 6 mondi after ^rmination, ft

is evident [Table 13(b)] that all the ten selected indigenous mango varieties under

study difiered signiBcantly fiom each other in intemodal length The var. Kochu

KiHchundan recorded least intemodal length (3.16 cm), foDowed by Unda

VarOcka (3.53 cm). The var. Kappa Manga recorded the hi^est intemodal length

(9.25 cm).

4.3.2.8 Number of roots

The average data on number of roots of diffijrent mango genotypes 6

month after germinatbn are presented in table 13(c). The number of roots difiered

significantly among the varieties under study. The perusal of data presented in

Tabfe 4.17 clearly indicated that the var. Unda VarikJca (20.80) recorded Uk least

number of roots, folbwed by PaiveK Local (24.87) and Unda Varikka (28.53).

The var. Kotookonam Varikka produced significantly more roots (48.97).

4.3.2.9 Root length

The root length was recorded 6 month after germination [Table 13(c)]. All

the varieties diflfered significantly from each other with respect to their root

length The variety Unda Varikka recorded fowest root lengtli (25.88 cm),

foflowed by Kili Manga (28.98 cm) and Thali Manga (32.97 cm). The var. VeHari

Varikka recorded the hi^st root length (45.51 cm).

43.2.10 Dry matter of shoot

The dry matter of shoot difeed significantly among the varieties under

study [Table 13(c)]. The var. UndaVarikka (Tio) recorded tlie bwest dry matter

content of shoot (1.30 g) and was on par with Kili Man^ (1.42 g). The var.Vellari

Varikka recorded highest dry matter of shoot (10.29 g).

4.3.2.11 Diy matter of root

The dry matter of root di^red significant^ among tte varieties under

study [Table 13(c)]. The var. UndaVarikka (Tjo) recordedtheleast dry matter
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content of root (1.14 ̂  and was on par with Kili Manga (1.26 The variety

Vellari Varikka recorded significantly the hi^^ dry matter of root (6.16

4.3.3 Physiological and anatomical characters

The physiolo^cal cliaracters of selected indigenous mango varieties such

as stomatal density, membrane stability index (% leakage). Relative Water

Content (RWC), starch content of leaf transpiration rate, total phenol content of

apical bud, total phenol content of leaves of rootstock, bark percentage of root,

bark percentage of shoot, leaf temperature and anatomical features were recorded

and tlie analyzed data are furnished betow.

4.3.3.1 Stomatal density

It can be intended from table 14(a) that there was a significant difi^encc

among the selected indigenous mango varieties with respect to the stomatal

density. The lowest stomatal density (39.69) was noticed in Unda Varikka,

foltowed by Kochu Kilichundan (51.68) and Paiveb Local (57.48). The highest

stomatal density was observed in VeHari Varikka (101.11).

4.3.3.2 Membrane stability index (% leakage)

The data regarding Uie niemhrane stability index of diflerent mango
genotypes 6 month after gemiination are presented in table 14(a). The membrane

stability index among the varieties were found non- significant.

4.3.3.3 Relative Water Content (RWC)

The examination of data regarding relative water content of diflferenl

mango varieties presented in table 14(a) indicated non-significant difeences.

4.3.3.4 Starch content of leaf

The starch content of leaf difibred significantfy among the varieties under

study [Table 14(a)].The var. Kasthun (T2) recorded the highest starch content

(8.53 %), foltowed by Paiveli Local (8.38 %), Unda Varikka (8.35 %) and Kochu

Kilichundan (8.28 %). The var. Kappa Manga (Ts) recorded the lowest (7.26 %)
starch content of leaf

113



Table 14(a). Physiological characters of different mango genotypes

Treatments Stomatal Membrane Relative Starch

density stability index Water content

(percentage Content of leaf

leakage)

(%)
(%) (%)

T, 89.13 55.93 94.12 7.36

T2 79.39 57.94 94.15 8.53

T3 61.41 49.77 94.38 7.70

T4 51.68 52.60 95.14 8.28

T5 101.11 54.28 94.92 7.53

T6 83.07 54.56 94.39 7.40

T7 87.63 48.96 94.92 7.41

Ts 99.62 50.95 95.58 7.26

T9 57.48 51.11 95.57 8.38

Tio 39.69 52.32 95.52 8.35

SE n<±) 1.97 N.S N.S 0.04

CD 5.84 N.S N.S 0.13

Table 14(b). Physiological characters of different mango genotypes

Treatments Transpiration
rate

(m moles
m'^s')

Total phenol
content of

apical bud

(n^g)

Total phenol
content of

leaves of

roots tock

(mg/g)
T, 1.43 41.55 20.62

T2 1.11 54.60 25.36

T3 0.77 51.34 23.38

T4 0.73 60.57 29.03

Ts 1.31 44.01 21.35

T6 0.81 48.52 21.51

T? 0.79 47.91 23.14

Ts 1.01 40.75 19.88

T9 0.78 51.85 24.13

T,o 0.75 58.56 25.74

SE Tri±) N.S 0.21 0.24

CD N.S 0.63 0.73
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I
433.5 Transpiration rate

The data regarding tlie transpiratbn rate of diferent mango genotypes at 6
month after germination are presented in table 14(b). The transpiration rate among
the varieties were non- significant.

4.3.3.6 Total phenol content of apical bud

It can be intended from table 14(b) that there was significant di^^ence

among the selected indigenous mango varieties with respect to tire total phenol

content of apical bud. The van Kochu Kilichundan (T4) recorded significantly tlie
highest phenol content (60.57 mg/^, followed by Unda Varikka (58.56 mg/g) and
Kastliuri (54.60 mg/g). The var. Kappa Manga (Ts) recorded the fowest phenol
content of apical bud (40.75 nig/^.

433.7 Total phenol content of leaves

The data on total phenol content of leaves of diflferent indigenous mango
varieties are presented in table 14(b). There was signifieant diference among ihe

treatments under study. Six month after germination, var. Kochu Kilichundan (T4)
recorded the hi^t total phenol content of leaves (29.03 mg/^, followed by
Unda Varikka (25.74 rng/g) and Kasthuri (25.36 mg'g) T| (32.00). The variety

Kappa Manga (19.88 ir^g) recorded tlie fowest phenol content of leaves.

433.8 Baric percentage of root

The bark percenta^ of root difered si^iificantly among the varieties

under study [Table 14(c)]. TTk var. Kochu Kilichundan (T4) recorded the hi^iest
bark percentage of root (23.69 %), followed by Paiveli Local (18.35 %) and Unda
Varikka (17.85 %). The least bark percentage of root was noted in Kappa Manga
(5.36 %).
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Table 14(c). Physiological characters of different mango genotypes

IVeatments Bark
percentage

of root

(%)

Bark
percentage

ofshoot

(%)

Leaf
temperature

(®C)

T, 7.8S 17.39 28.68

T2 11.51 17.64 28.60

T3 14.42 18.81 29.04

T4 23.69 34.02 28.37

Ts 8.95 11.99 28.88

T6 12.93 17.71 28.82

T7 11.96 18.87 29.21

Ts 5.36 8.38 29.05

T9 18.35 24.89 28.70

Tio 17.85 20.59 28.74
SEn<±) 0.10 0.22 N.S

CD 0.32 0.67 N.S
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43.3.9 Bark percentage of shoot

Thebaric percentage of shoot of diferent mango varieties presented hi

table 14(c) indicated significant difoences. The var. Kochu Kilichundan (T4)

recorded significantly the hi^st baric percentage of root (34.02 %), folfowed by

Paiveli Local (24.89 %) and Unda Varikka (20,59 %). The lowest bark percentage

of root was noted in Kappa Manga (8.38 %).

4.3.3.10 Leaf temperature

The data regarding leaf tenperature of difeent mango genotypes 6 month

after germination are presented in table 14(c). The leaf temperature was non

significant among the varieties under study,

43.3.11 Anatomical analysis of root stock

433.11.1 Xylem area

The data regarding the xy\em area of stem as well as root of diferent

mango genotypes 6 month after gennination are presented in table 15(a) and table

16(a) respectively. The lowest xylem area of stem (1.93 mra^) was noted in Kochu

Kilichundan, followed by Unda Varikka (2.28 mm^). The higliest stem xylem area

was noted in Kappa Manga (6.07 mm^). The var. Unda Varika recorded the lowest

root xj^n area (1.34 iW), folfowed by Kochu Kilichundan (2.41 mm^). The
var. Kotookonara Varikka recorded the highest xylem area in root (10.86 mm^).

4.3.3.11.2 Xylem percentage

The data regarding tlie xylem percentage of stem [Table 15(a)]as well as

root [Table 16(a)] of different mango genotypes 6 month after gennination

revealed that the lowest percentage jgdem in stem (27.09 %) was noted in Unda

Varikka (T|o), folfowed by Kasthuri (T2) (33.72 %) and Kochu Kilichundan (T4)

(36.19 %). The hi^t x>fom percentage of stem was noted in Vellari Varfcka

(T5) (54.46 %). The least percentage of xylem in root (26.84 %) was noted in

Unda Varikka (Tio). folfowed by Koclui Kilichundan (T4) (40.89 %). The highest

xylem percentage of root was noted in Kappa Manga (Tg) (78.73 %).
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TaUc 15(a). Aiiatomical features (stemcross section)

of different mango genotypes

IVeatmcnts Xylem
area

(mm^)

Xylem
percentage

(%)

Phloem

area

(nW)

Phloem

percentage

(%)
Ti 6.04 46.82 1.53 21.22

T2 2.68 33.72 2.38 24.65

T3 2.70 36.63 1.68 24.89

T4 1.93 36.19 3.48 28.65

Ts 5.71 54.46 1.76 21.24

T6 3.67 47.77 1.55 22.89

Ty 3.84 48.13 1.75 23.33

Ts 6.07 50.71 1.52 21.71

T9 2.46 38.76 2.87 27.40

Tio 2.28 27.09 3.62 33.53

SEn^±) 0. 08 0.35 0.01 0.13

CD 0.25 1.03 0.05 0.39

Table 15(b). Anatomical features (stemcross section)

of different mango genotypes

Treatments Phloem/

Xylem ratio
Total conduit

area

(mni^)
Ti 0.45 7.56

T2 0.90 5.07

T3 0.67 4.38

T4 0.78 5.42

Ts 0.39 7.48

T6 0.48 5.23

Ty 0.49 5.59

Ts 0.42 7.59

T9 0.70 5.33

Tio 0.99 5.91

SEm(±) 0.008 0.08

CD 0.024 0.24
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4.3.3.11.3 Phloem area

The data regarding tlie phbem area of stem as well as root of different

mango genotypes 6 nx>nth after germinatbn are presented in table 15(a) and table

16(a) respectively. The higjicst phtoem area of stem (3.62 mn^) was noted in

Unda Varikka (Tio), folbwed by Kochu KiBchundan (T4) (3.48 mra^). The fowest

stem phbem area was noted in Kappa Mang^ (Tg) (1.52 mm^). The var. Kochu

Kilichundan (T4) recorded hi^est root phbem area (6.60 nW), foflowed by

Paiveli Lx)cal (T9) (5.38 mm^) and Unda Varikka (Tjo) (5.05 mnf). The var,

Kotookonam Varikka (T]) recorded the fowest phloem area in root (0.56 mm^).

I  4.3.3.11.4 Phloem percentage

Tlie data regarding the phtoem percentage of stem [Table 15(a)] as well as

root [Table 16(a)] of dilfercnt mango genotypes 6 month after germination

revealed that the highest percentage of phloem in stem (33.53 %) was noted in

Unda Varikka (Tio), followed by Kochu Kilichundan (T4) (28.65 %) and Paiveli

Local ( T9) (27.40 %). The fowest phtoem percentage of stem was noted in

Kotookonam Varikka (Ti) (21.22 %). The highest percentage of phtoem in root

(36.22 %) was noted in Unda Varikka (Tio), followed by Paiveli Local (T9) (34.17

%) and Kochu Kilichundan (T4) (33.48 %). The lowest phloem percentage of root

was noticed in Kappa Manga (Tg) (9.79 %).

4.3.3.11.4 PhloenV Xylcm ratio

The data regarding tlie phtoenV xytom ratio of stem [Table 15(b)] as well

as root (Table 16. b) of different mango genotypes 6 montli after germinatton

revealed that the Iii^iest pliloenV xyiem ratio of stem (0.99) was noted in Unda

Varikka (Tto), followed by Kasthuri (T2) (0.90) and Kochu Kilichundan (T 4)

(0.78). The lowest phtoenV x>dem ratio was noted in Vellari Varikka (T5) (0.39).

The higliest phbenV xjdem ratio of root (1.35) was noted in Unda Varikka (Tio),

foflowed by Kochu Kilichundan (T4) (0.81) aixi Paiveli Local (T9) (0.68). The

lowest phtoenV xylem ratio of root was noticed in Kappa Manga (Tg) (0.13).
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Table 16(a). Anatomical features (root cross section)

of different mango genotjpes

Treatments Xylcni
area

(nW)

Xylcm
percentage

(%)

Phloem

area

(nin^)

Phloem

percentage

(%)
T, 10.86 65.61 0.56 17.48

T2 3.92 50.87 2.83 27.23

T3 5.58 52.14 2.08 28.04

T4 2.41 40.89 6.60 33.48

Ts 6.62 65.68 2.01 22.59

T6 5.82 53.85 2.46 25.44

T7 6.85 53.96 1.17 16.49

Ts 9.94 78.73 0.62 9.79

T9 3.92 50.09 5.38 34.17

Tio 1.34 26.84 5.05 36.22

SE ni±) 0.17 0.36 0.02 0.09

CD 0.49 1.06 0.08 0.27

Table 16(b). Anatomical features (root cross section)

of different mango genotypes

TVeatnieiits Phloem/ Total

Xylem ratio conduit area

(mm^)
T, 0.26 11.43

Ta 0.53 6.98

T3 0.54 7.67

T4 0.81 9.02

Ts 0.34 8.64

T6 0.46 8.28

T7 0.31 8.02

Ts 0.13 10.57

T9 0.68 9.30

T,o 1.35 6.38

SEn^i) 0.010 0.17

CD 0.029 0.52
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4.3.3.11.6 Total conduit area

Tlic data regarding total conduit area of stem as well as root of different

mango genotypes 6 month after germination are presented in table 15(b) and table

16(b) respectively. The bwest total conduit area of stem (4.38 mm^) was noted in

Thali Manga (T3), foDowed by Kasthuri (T2) (5.07 mm?) and Pallikkal Local (Te)

(5.23 mm?). The hi^iest stem total conduit area was noted in Kappa Manga (Tg)

(7.59 mm^). The var. Unda Varilca (Tto) recorded the fowest root total conduit

area (6.38 mm^), foBowed by Thali Manga (T3) (7.67 nW) and Kili Manga (T?)
A  _

(8.02 mm ). The var. Kotookonam Varikka (Ti) recorded the higliest total conduit

area of root (14.43 mm^).

4.4: Effect of propagation methods and modified en\ironments on different

varieties of scion

4.4.1 Girth of rootstock

The data on girth of rootstock 90 DAG as influenced by different propagation

methods and modified environments on different varieties of scion is furnished

bebw.

4.4.1.1 Effect of propagation methods

The methods of grafting showed significant effect on the girth of rootstock

90 DAG [Tabfe 17(a)]. The hi^iest rootstock gjrth (7.37 mm) was recorded in

<1^ softwood grafted plants (P2), whereas the bast gjrth (4.25 mm) was observed in
epbolyl grafted plants (Pj).

4.4.1.2 Effect of modified environments

The data recorded on gjrth of rootstock 90 DAG revealed that there was

significant efet due to modified environmental conditbns [Tabfe 18(a)]. Among

three different modified environmental conditbns, fen and pad system produced

the grafts with the highest rootstock girth (5.97 mm) foDowed by humid chanfoer

(5.85 mm). The bast rootstock girth (5.61 mm) was noted under natural shade (75

% shade).
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4.4.1.3 Effect of varieties of scion

The close perusal of data [Table 19(a)] indicated that, there was significant

differences in rootstock girth as influenced by diferent varieties of scbn 90

DAG. The highest rootstock girth (6.05 mm) was observed in Kotookonam

Varikka, foDowed by Neetum (5.78 mm) and the least girth (5.59 mm) was in

Kalapady (Vi).

4.4.1.4 Effect of interactions

On statistical analysis, the interaction between propagation methods and

modified enviionments was found non-significant for rootstock girth 90 DAG

[Table 20(a)].

The data presented in table 21(a) indicated that there was significant

difeence due to interaction between propagation methods and varieties of scion

in rootstock girth 90 DAG. The hi^iest rootstock girth (7.68 mm) was recorded in

P2V3 (softwood grafts of kotookonam Varikka) foflowed by P2V2 (softwood

grafts of Neehrni) (7.29 mm). The towest rootstock girth (4.03 mm) was recorded

in the treatment combination PiVi (epicotyl grafts of Kalapady).

The data presented in table 22(a) indicated that there was non-significanl

difference due to interaction between modified environments and varieties of

scbn for rootstock girth 90 DAG.

Interactbn effect of diferent propagation methods, modified

^4 environments and varieties of scbn was found non-significant [Table 23(a)] with
respect to rootstock girth 90 DAG.

4.4.2 Girth of scion (cm)

The data on girth of scbn 90 DAG as influenced by different propa^tbn

methods and modified environments on different varieties of scbn is furnished

bebw.
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4.4.2.1 Effect of propagation methods

The methods of grafting showed significant eflEect on the girth of scion

[Table 17(a)] 90 DAG. The hi^st scion girth (7.41 mm) was recorded in

softwood grafted plants (P2), whereas the bast rootstock girth (5.08 mm) was

observed in epicotyl grafted plants (Pi).

4.4.2.2 Effect of modified cnviFomnents

The data presented in tabb 18(a) revealed tliat modified environment

conditions had significant effect on scbn girth 90 DAG. Fan and pad system was

found sigraficantly superior over humid cliamber and natural shade (75 % shade)

in scion girth of 6.31 mm The feast scion gjrth (6.18 mm) was observed under

natural shade.

4.4.2.3 Effect of varieties of scion

The data regarding scion girth of mango grafts as influenced by different

varietbs of scbn was recorded 90 DAG and presented in table 19(a). The var.

Kotookonam Varikka (V3) produced grafts with hi^iest scbn girth (6.44 mm),

folbwed by Neehjm (6.27 mm). While tlie bast scbn girth (6.03 mm) was in

Kalapady (Vi).

4.4.2.4 Effect of interactions

The interactbn efet of propagatbn methods and modified environments

was significant [Tabb 20(a)] with respect to scbn girth 90 DAG. The maximum

scbn girth (7.69 mm) was recorded in P2M] (softwood grafting under fon and pad

system) folbwed by P2M2 (softwood grafting under humid chamber) (7.43 mm).

The minimum scbn ghtli (4.93 mm) was r^xirded m the treatment conbinatbn

PiM3 (epicotyl grafting under natural shade).

On statistical analysis, the interactbn between propagatbn methods and

varietbs of scbn on scbn girth 90 DAG was found significant [Tabb 21(a)]. The

softwood grafts of Kotookonam Varikka recorded significantly the liigjicst scbn

girth (7.69 mm), folbwed by sofiwood grafts of Neetim (7.43 mm), whib the

bast scbn girth (4.93 mm) was recorded in epicot)d grafts of variety Kalapady.
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Table 17(a). Vegetative and growth characters of mango grafts as influenced

1^ various propagation methods

Propagation methods Girth ofrootstock (mm) Girth of

scion

(mm)

Length
of scion

(cm)
Initial

(at the

time of

graftiuK)

Final Girth

increment

Epicotyl grafting (P|) 3.43 4.25 0.81 5.08 15.80

Softwood grafting (P2) 6.49 7.37 0.90 7.41 15.28

SEm(±) 0.01 O.OI 0.008 0.01 0.02

CD (0.05) 0.04 0.04 0.024 0.03 0.05

Table 17(b), Vegetative and growth characters of mango grafts as influenced

by various propagation methods

Propagation methods Graft

height
(cm)

Length
of sprout
(cm)

Spread of plant (cm)

N-S

direction

E-W

direction

Epicotyl grafting (Pj) 23.63 5.49 20.09 19.05

Softwood grafting (P2) 26.03 5.44 20.83 19.53

SE n^±) 0.02 0.01 0.06 0.04

CD (0.05) 0.06 0.03 0.17 0.13

\
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The data presented in table 22(a) indicated that there was significant

diflference due to interaction between modified environments and varieties of

scion for scion girth 90 DAG. The maximun scion girth (6.53 mm) was recorded

in M1V3 (fon arxl pad system + kotookonam Varikka), foUowed by M2V3 (humid

chamber + Kotookonam Varikka) (6.42 mm). The least scion girth (6.01mm) was

recorded in M3V1 (natural shade + Kalapady).

Interaction efect of diferent propagation methods, modified

environments and varieties of scion was non-significant [Table 23(a)] with respect

to scion girth 90 DAG.

4.4.3 Length of scion (cm)

The mean data on length of scion at 90 DAG as influenced by difeent

propagation metliods and modified environments on different varieties of scion is

presented befow.

4.4.3.1 Effect of propagation methods

Eifoct of grafting methods on length of scion was found significant 90

DAG [Table 17(a)]. The epicotyi grafted plants recorded significantly higher

scion length (15.80 cm) than the softwood grafted plants (15.28 cm).

4.4.3.2 Effect of modifled environments

The data presented in tabte 18(a) showed that there was significant effect

of environment conditioiis on length of scion 90 DAG. The bluest scion length

(15.86 cm) was observed under fen and pad system (M|) than in humid chamber

(M2) and natural shade (M3). The least scion length (15.37 cm) was noted in

natural shade (75 % shade).

4.4.3.3 Effect of varieties of scion

Among diferent varieties of scion, the hi^iest scion length was recorded

in var. Kotookonam Varikka (15.90 cm), folfowed by Neelum (15.50 cm) 90 days

after grafting, whereas the least scion length was in Kalapady (15.23 cm) [Table

19(a)].
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4.4.3.4 Effect of interactions

The interaction efibct of propagation methods and modified environments

was significant [Table 20(a)] with respect to scbn lenglh 90 DAG. The hi^t

scion length (16.32 cm) was recorded in PiMi (epicotyl grafting under fen and pad

system), foDowed by P1M2 (epicotyl grafting under humid chamber) (15.73 cm).

The lowest scion length (15.09 mm) was recorded in tlie treatment conbination

P2M3 (softwood grafting under natural shade).

On statistical ana^is, the interaction between propagation methods and

varieties of scion fcr lengtli of scbn 90 DAG was significant [Tabb 21(a)]. The

4  epicotyl grafts of Kotookonam Varikka (P1V3) recorded the Ifi^st scbn fength

(16.32 cm), foDowed by epbotyl grafts of Neelum (15.50 cm). While the least

scbn bngth (15.09 cm) was recorded b softwood grafts of variety Kalapady
(P2V,).

The data presented in Table 22(a) indicated that there was significant

difeence due to interactbn between modified environments and varieties of

scbn in fength of scbn 90 DAG. The highest scbn length (16.19 cm) was

recorded in M1V3 (fen and pad system + Kotookonam Varikka), which was on par
wfth M1V2 (fen and pad system + Neelum) (16.10 cm). The least scbn fength
(15.07 cm) was recorded in the treatment combinatbn M3V1 (Natural shade +

Kalapady).

The mteractbn efet of difierent propagatbn nxtliods, modified

environments and varietfes of scbn was significant [Table 23(a)] witli respect to
fength of scbn 90 DAG. The hi^est scbn fength (16.80 cm) was recorded b

P1M1V3 (epicot)4 grafts of Kotookonam Varikka under fen and pad system),

followed by P1M1V2 (epicotyl grafting of Neelum under fen and pad system)
(16.36 cm). The feast scbn fength (14.89 cm) was noted b treatment combinatbn

P2M3V1 (softwood grafts ofKalapady under natural shade).

\
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Table 17(c). Vegetative and gro>vth characters of niaiigo grafts as influenced

by vaiious propagation methods

PropagatioD methods Days taken
for first

sprouting
(days)

Days
taken for

last

sprouting
(days)

Number of grafts
sprouted at weekly

intervals (%)

First

week

Second

week

Third

week

Epicotyi grafting (P|) 12.19 22.02 36.91 67.16 83.46

Softwood grafting (P2) 12.33 22.65 32.59 60.86 76.17

SEm(±) 0.02 0.10 0.51 0.59 0.75

CD (0.05) 0.07 0.29 1.46 1.68 2.14

Table 17(d). Vegetative and growth characters of mango grafts as influenced

by various propagation methods

Propagation methods Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)

Days taken
for leaf

opening
(days)

^icotyl grafting (Pi) 83.21 72.22 15.07

Softwood grafting (P2) 76.30 65.93 15.61

SEn<±) 0.61 0.50 0.056

CD (0.05) 1.74 1.44 0.16

127



4.4.4 Graft height (cm)

The data regarding graft height 90 DAG as influenced by different

propagation mefliods and modified environments on diferent varieties of scion is

fiimished befow,

4.4.4.1 Effect of propagation methods

Effect of grafting methods on graft height was found significant 90 DAG

[Table 17(b)]. The softwood grafted plants recorded the hi^est graft hei^it

(26.03 cm) flian epicotji grafted plants (23.63 cm).

4.4.4.2 Effect of modified environments

The data recorded on graft hei^ 90 DAG revealed that there was

significant efot due to modified environmental conditions [Table 18(b)]. Among

the three diferent environmental conditions, fon and pad system resulted the

hi^st graft height (26.17 cm), followed by humid chamber (24.76 cm). The

shortest graft hei^ (23.56 cm) were noted under in shade (75 % shade).

4.4.4.3 Effect of varieties of scion

The data [Table 19(a)] revealed significant variation in graft hei^ of

diferent mangp varieties 90 DAG. The hi^est graft hei^ (25.38 cm) was

observed in Kotookonam Varikka, folfowed by Neehim (24.87 cm).\Vhile the

shortest graft hei^ (24.24 cm) was in Kalapady.

4.4.4.4 Effect of interactions

The interactbn effect of propagation methods and modified environments

was significant [Table 20(a)] with respect to graft hei^t 90 DAG. The maximum

graft hei^ (27.75 cm) was recorded in P2M1 (softwood grafting under fen and

pad system) followed by P2M2 (softwood grafting under humid chamber) (25.73

cm). The shortest graft hei^t (22.51 cm) was recorded in the treatnxint

confoination P1M3 (epicotyl grafting under natural shade).

The interaction efect of propagation methods and varieties of scion was

found sigjuficant [Table 21(a)] with respect to graft height 90 DAG. The largest
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•  + Kalapady).

graft hei^ (26.87 cm) was recorded in P2V3 (softwood grafts of Kotookonam

Varikka), followed by P2V2 (softwood grafts ofNeelum) (26.04). Hie bwest graft

hci^ (23.30 cm) was recorded in the treatment confoination PiVi (epicot)^ grafts

of Kalapady).

The data presented in tabb 22(b) indicated that there was significant

difeence due to interaction between modifed environments and varieties of

scion in graft hei^ 90 DAG. The significantfy the hi^iest graft hei^t (26.86

cm) was recorded in M1V3 (Fan and pad system + Kotookonam Varikka),

folfowed by MiV? (Fan aixl pad system + Neelum) (26.60 cm). The fowest graft

hei^ (22.82 cm) was recorded in the treatment coirbination M3V1 (Natural sliade

Interaction efiect of diflerent propagation metlxids, modified

environments and varieties of scion was significant [Table 23(b)] with respect to

graft heigjit 90 DAG. The largest graft height (28.76cm) was recorded in the

treatment combination P2M1V3 (softwood grafts of Kotookonam Varikka under

ftm aixl pad system) and the shortest graft height (22.17cm) was noted in the

treatment combination P1M3V1 (epicot>i grafts ofKalapady ucder natural shade).

4.4.5 Length of sprout (cm)

Tlie data on length of sprout 90 DAG as influenced by different

propagation methods and modified environments on di&rent varieties of scion is

presented bebw.

4.4.5.1 Effect of propagation methods

The methods of grafting showed significant effect on sprout bngth [Table

17(b). At 90 DAG, epicot)^ grafted plants recorded significantly fonger sprout

bngth (5.49 cm) than softwood grafted plants (5.44 cm).
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Table 17(e). Vegetative and growth characters of mango grafts as innuenccd

by various propagation methods

Propagation methods Number

of leaves

per graft

Leaf

length
(cm)

Leaf

width

(cm)

Leaf

area

(cm^)

Epicot)4 grafting (Pi)
15.40 15.27 3.36 41.69

Softwood grafting (P2)
14.33 15.04 2.98 41.28

SEn<±) 0.08 0.01 0.08 0.12

CD (0.05) 0.23 0.04 0.24 0.35

Table 17(f). Vegetative and growth characters of mango grafts as influenced

hy various propagation methods

Propagation methods Number

of nodes

on scion

Intenioda

1 length
(cm)

Root

length
(cm)

Number of

growth
flushes per

graft

Bpicotyl grafting (PO 21.63 5.20 20.49 1.76
Softwood grafting (P2) 20.81 5.14 25.17 1.65

SEjr(±) 0.07 0.01 N.S 0.03

CD (0.05) 0.20 0.03 N.S 0.08
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Table 17(g). Vegetative and growth charactei's of mango grafts

as influenced by various propagation methods

Propagation methods Number of days
taken between

grafting and first
vegetative flush

(days)

Number of days
taken between

grafting and
second

vegetative flush
(days)

Survival

percentage

of grafts

(%)

Epicotyl grafting (Pi) 26.06 44.98 65.19

Softwood grafting (P2)
27.95 45.80 54.47

SE m(±) 0.10 0.08 0.51

CD (0.05) 0.28 0.22 1.47

Table 18(a). Vegetative and growth characters of mango grafts

as influenced by modified environments

Modified

environments

Girth ofrootstock (mm) Girth of

scion

(mm)

Length
of scion

(cm)Initial

(at the

time of

grafting)

Final Girth

increment

Climate controlled

[fanand pad] (Mi) 5.04 5.97 0.94 6.31 15.86

HumH chamber (M^) 5.00 5.85 0.84 6.25 15.40

Natural shade

[75 % shade] (Mj)
4.83 5.61 0.77 6.18 15.37

SEm(±) 0.01 O.OI 0.01 0.01 0.02

CD (0.05) 0.05 0.04 0.03 0.03 0.06
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4.4^.2 Effect of modified environments

The data recorded on sprout lengtli 90 DAG revealed that there was

signiBcant effect due to environment conditions [(Table 18(b)]. The hi^iest

sprout length (5.83 cm) was recorded in fen and pad system, folfowed by humid

chaniber (5.51 cm). The bwest ̂ rout length (5.05 cm) was noted in natural shade

(75 % shade).

4.4.5.3 Effect of varieties of scion

The data [Table 19(b)] revealed significant variation in sprout length of

different mango varieties 90 DAG. Tlie highest sprout length (5.49 cm) was

observed in Neelum (V2), which was on par with Kotookonam Varikka (V3) (5.48

cm). While the least sprout length (5.42 cm) was in Kalapady (V3).

4.4.5.4 Effect of interactions

The interaction effect of propagation metliods and modified environments

was significant [Table 20(b)] with respect to sprout length 90 DAG. Tlie hi^st

sprout length (5.57 cm) was recorded in Pi Mi (epicotyl grafting under fen and pad

system), which was on par with P1M2 (epicot>4 grafting under humid chamber)

(5.54 cm). The least sprout length (5.39 cm) was recorded in P2M3 (softwood

grafting under natural shade).

It is evident fi-om tlie data that tlie interaction between propagation

metlxids and varieties of scion was significant [Table 21(b)] with respect to sprout

length 90 DAG. The highest sprout length (5.57 cm) was observed in P1V2

(epicotyl grafts of Neelum), which was on par with P2V3 (softwood grafts of

Kotookonam Varikka) (5.53 cm). The least sprout length (5.39 cm) was noted in

P2V1 (softwood grafts ofKalapady).
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Hie data presented in table 22(b) indicated that there was significant

^  diflerence due to interaction between modified environments and varieties of
scion for sprout length 90 DAG. The greatest sprout length (5.97 cm) was

recorded in M1V3 (fen and pad system + Kotookonam Varikka), folfowed by

MiVi (fen and pad system + Kalapady) (5.88 cm). The bwest sprout length (4.97

cm) was recorded in M3V1 (Natural shade + Kalapady).

Interaction efect of difierent propa^tbn methods, modified

environments and varieties of scion was significant [Table 23(b) with respect to

sprout length 90 DAG. The greatest sprout length (6.05 cm) was recorded in

treatment combination PiMiVs (epicotyl grafts of Kotookonam Varikka under fen
♦
•  and pad system), which was on par with P1M1V2 (epicotyl grafts of Neelum under

fen and pad system) (5.98 cm), whereas the least sprout length (4.90 cm) was

noted in P2M3V1 (softwood grafts of Kalapady under natural shade).

4.4.6 Spread of plant

The data regardingspread of plant 90 DAG as influenced by di&rent

propagation methods and modified environments on difierent varieties of scion is

furnished befow.

4.4.6.1 Effect of propagation methods

It is evident from table 17(b) tliat the methods of propagation significantly

influenced the spread of the plant 90 DAG. The spread of the plant in north south

direction (N-S) and east west direction were the highest (20.83 cm and 19.53 cm

respective^') in softwood grafted plants. Whereas the lowest spread of the plant in

botli direction was recorded in epicotyl grafting (20.09 cm and 19.05 cm

respectively).

I
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Table 18(b). Vegetative and gro^\th charactci^ of mango grafts

as influenced by modifled environments

Modified

environments

Graft

height
(cm)

Spread of plant
(cm)

Length of
sprout

(cm)N-S

direction

E-W

direction

Climate controlled

[fan and pad] (Mi) 26.17 21.81 20.60 5.83

Humid cliamber (M2)
24.76 20.35 19.15 5.51

Natural shade

[75 % shade] (M3) 23.56 19.22 18,12 5.05

SE m(±) 0.03 0.07 0.05 0.01

CD (0.05) 0.08 0.21 0.16 0.03

Table 18(c). Vegetative and growth characters of mango grafts

as influenced by modified environments

Modifled

environments

Days
taken for

first

sprouting
(days)

Days taken
for last

sprouting
(days)

Number of

sprouted at ̂
intei-vals

grafts

wckly

%)
First

>veck

Second

week

Thiixl

week

Climate controlled

[fen and pad] (M|) 12.08 22.03 36.30 65.74 81.48

Humid chamber (M2)
12.11 22.07 34.07 63.52 79.45

Natural shade

[75 % shade] (M3) 12.58 22.90 33.89 62.78 78.50

SE m(±) 0.10 0.16 0.62 0.72 0.90

CD (0.05) 0.29 0.36 1.78 2.06 2.61
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4.4.6.2 Effect of modified environments

The data recorded on spread of the plant in North South directions (N-S)

and east west direction of mango grafts at 90 da>s after grafting revealed that

there were significant difference due to difierent environment corelitions [Table

18(b)]. The spread of the plant in North South directions (N-S) and East West

directions were the hi^iest (21.81 cm aiKi 20.60 cm respectively) under fen and

pad system. Whereas the least spread of tlie plant in both directions was under 75

% shade (19.22 cm and 18.12 cm respectively).

4.4.6.3 Effect of varieties of scion

It is clear from data presented in table 19(b) tliat, there was significant

variation as influenced by different varieties of scion with respect to spread of

plant in both directions (N-S and E-W) 90 days after grafting The spread of the

plant in North South (N-S) and East West directions were the highest (22.29 cm

and 21.08 cm respectively) in var. KotookonamVarikka whereas, the fewest

spread of the plant in botli directions were recorded in Kalapady (18.65 cm and

17.56 cm respectively).

4.4.6.4 Effect of interactions

The interaction efiect of propagation methods and modified enviionments

was noivsignificant [Table 20(b)] with respect to spread of plant in North-Soutli

direction, whereas it was significant for East-West direction 90 DAG. The hyiest

spread of plant in East- West direction (21.09 cm) was recorded in P2Mi

(softwood grafting under fen and pad system). The least spread of plant in E-W

direction (17.83 cm) was recorded in P1M3 (epicotyl grafting under natural shade).

It is evident from the data that the interaction between propagation

methods and varieties of scion was non-significant [Table 21(b)] with respect to

plant spread in North-South directfen, whereas significant for East-West direction

at 90 DAG. The greatest plant spread in East- West direction (21.24 cm) was

recorded in P2V3 (softwood grafts of Kotookonam Varikka), The least plant

spread in E-W direction (17.07 cm) was recorded in PiVi (epicotyl grafts of

Kalapady).

135



TaWe 18(d). Vegetative and growth character of mango grafts as

influenced modified environments

Modified

environments

Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)

Days
taken for

leaf

opening
(days)

Number

oflcavcs

per graft

Climate controlled

[fan and pad] (Mj) 81.30 71.67 15.11 15.68

Humid chamber (Mj) 79.44 70.00 15.29 14.90

Natural shade

[75 % shade] (Mj) 78.52 65.56 15.60 13.98

SE m(±) 0.73 0.61 0.06 0.09

CD (0.05) 2.12 1.76 0.19 0.28

Table 18(e). Vegetative and growth characters of mango grafts as

influenced by modified environments

Modified

environments

Leaf

length
(cm)

Leaf

width

(cm)

Leaf

area

(cm?)

Number

of nodes

on scion

Climate controlled

[fen and pad] (Mi) 15.60 3.65 44.98 24.14

Humid chamber (M2) 15.40 3.33 44.53 23.92

Natural shade

[75 % shade] (M3) 14.42 2.54 34.94 18.32

SEw(±) 0.01 0.10 0.14 0.08

CD (0.05) 0.04 0.28 0.42 0.24
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Hie data presented in table 22(b) indicated that there was non-significant

difference due to interaction between modified environments and varieties of

scion on plant spread in North — South direction, whereas significant for East-

West direction 90 DAG. The greatest plant spread in East- West direction (22.35

an) was recorded in MjVi (&n and pad system + Kotookonam Varflcka), foDowed

by M2V3 (humid chamber + kotookonam Varikka) (21.01 cm). The least spread

(16.57 cm) was recorded in M3V1 (Natural shade + Kalapady).

Interaction effect of different propagation methods, modified

environments and varieties of scion was non-significant [Table 23(b)] with respect

to spread of plant in North - South and East-West direction 90 DAG.

4.4.7 Days taken for first sprouting

The data regardingdays taken for first sprouting as influenced by different

propagation methods and modified environments on diflferent varieties of scion is

described below.

4.4.7.1 Effect of propagation methods

The propagation methods had significant inpact on the nuni>er of days

taken for first sprouting [Table 17(c)]. The epkx)^ grafted plants resulted in

earlmess of sproutiiig (12.19 days) while, the softwood grafted plants recorded

conparatively more number of days for first sprouting (12.33 days).

4.4.7.2 Effect of modified environments

The data recorded on number of days taken for first sprouting as

mftuenced by varieties of scion was significant [Table 18(c)] with respect to

diflferent modified environments. Earliness in first sprouting (12.08 days) was

recorded under fon and pad system (Mi), which was on par with humid chanfoer

(12.11 days). More nunfoer of days for first sprouting (12.58 days) was noted

under natural shade.
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Table 18(0- Vegetative and gro>vth characters of mango grafts as influenced

modifled environments

Modified

environments

Inte modal

length
(cm)

Root

length
(cm)

Number of

growth
flushes per

graft

Climate controlled

ffen and pad] (M|)
5.48 23.73 1.91

Humid chamber (M2) 5.46 23.18 1.71

Natural shade

[75 % shade] (M3)
4.77 21.58 1.52

SE m(±) 0.01 N.S 0.03

CD (0.05) 0.03 N.S 0.09

Table 18(g). Vegetative and growth characters of mango grafts as influenced

by modified environments

Modified

environments

Number of

days taken
between

grafting and
first vegetative

flush

(days)

Number of

days taken
between

grafting and
second

vegetative flush
(days)

Survival

percentage

of grafts

(%)

Climate controlled

[fen and pad] (Mi) 26.58 44.96
67.26

Humid changer

(M2)
26.71 45.11

61.11

Natural shade

[75 % shade] (M3) 27.73 46.12
51.11

SE ni±) 0.11 0.09 0.62

CD (0.05) 0.34 0.26 1.80
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4.4.7.3 Effect of varieties of scion

Among the three varieties of scbn, the least number of days for first

sprouting (9.91 days) was recorded in Kalapady (Vi) followed by Kotookonam

Varikka (12.12 days). While more number of days (14.74 days) for first sprouting

was observed in Neelum [Table 19(c)].

4.4.7.4 Effect of interactions

The interaction eflfect between propagation methods and modified

environments was significant [Table 20(b)] for number of days taken for first

sprouting. The earliness in first sprouting (11.58 days) was recorded in PjMi

(epicotyl grafling under fen and pad system) which was on par with p2Mi

(softwood grafting under fen and pad system) (11.80 days). More nunfoer of days

for first sprouting (12.60 days) was recorded in P2M3 (softwood grafting under

natural shade).

It is evident fiom the data that the interaction of propagation methods and

varieties of scion was significant [Table 21(b)] with respect to number of days

taken for first sproutiitg. The least number of days taken for first sprouting (9.87

days) was observed in PjVi (epicot>d grafts of Kalapady), wliich was on par with

P1V3 (cpicotyl grafts of Kotookonam Varikka) (9.96 days) wliereas, the largest

number of days taken for first sprouting (14.89 days) was noted in P2V2 (softwood

grafts of Neelum).

The data presented in table 22(c) indicated that there was significant

difference due to interaction between modified environments and varieties of

scion for nunfoer of days taken for first sprouting. The least number of days taken

for first sprouting (9.77 days) was recorded in MiVi (fen and pad system +

Kalapady), which was on par with M1V3 (Fan and pad system^ Kotookonam

Varikka) (9.90 days). The largest number of days for first sprouting (15.00 days)

was recorded in M3V1 (natural shade + Kalapady).
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Interaction efibct of different propagation methods, modified

environments and varieties of scbn was significant [Table 23(c)] with respect to

number of days taken for first sprouting. The earliness in first sprouting (9.53

days) was recorded in PiMiVj (epicotyl grafts of Kalapady under fon and pad

system), which was on par with treatments P1M1V3 (9.80 days), P1M2V3 (10.00

days) and P1M2V1 (10.20 days). The largest number of days taken for first

sprouting (15.44 days) was recorded in P2M3V2 (softwood grafts of Neelum under

natural shade).

4.4.8 Days taken for last sprouting

The data regardingdays taken for last sproutingas influenced hy diferent

propagation methods and modified environments on different varieties of scion is

fimished befow.

4.4.8.1 Effect of propagation methods

Tlie propagation methods had significant impact on the number of days

taken for last sprouting [Table 17(c)] The epico^ grafted plants require lower

number of days for last sprouting (22.02 days) than the softwood grafted plants

(22.65 days).

4.4.8.2 Effect of modified environnients

The data recorded on nurriber of days taken for last sprouting as influenced

♦ ̂  by varieties of scion was significant [Table 18(c)] with respect to diferent

modified environmental conditions. The earliness in last sprouting (22.03 days)

was recorded rmder fon and pad system (Mi) which was on par with humid

chamber (M2) (22.07 days). More number of days for the last sprouting (22.90

days) was noted under natural shade (75 % shade).

4.4.8.3 Effect of varieties of scion

Among tlie three varieties of scbn, earliness in last sprouting (20.27 days)

was recorded in Kalapady folfowed by Kotookonam Varikka (22.18 days). More

nurriber of days (24.56 days) for last sprouting was observed in Neelum [Table

I  19(b)].
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Table 19(a). Vegetative and growth characters of mango grafts as influenced

by varieties of scion

Varieties of scion Girth ofrootstock (mm) Girth

of

scion

(mm)

Lengt
h of

scion

(cm)

Graft

height
(cm)

Initial

(at the

time of

grafting)

Final Girth

increment

Kalapady (Vj) 4.85 5.59 0.75 6.03 15.23 24.24

Neehim (V2) 4.91 5.78 0.87 6.27 15.50 24.87

Kotookonam Varikka (Vj) 5.11 6.05 0.95 6.44 15.90 25.38

SE m(±) O.OI 0.01 0.01 0.01 0.02 0.02

CD (0.05) 0.05 0.04 0.03 0.03 0.05 0.08

i

Table 19(b). Vegetative and growth characters of mango grafts as influenced

by varieties of scion

Varieties of scion Length
of

sprout
(cm)

Spread of plant
(cm)

Days
taken for

first

sprouting
(days)

Days taken
for last

sprouting
(days)

N-S

direction

E-W

direction

Kalapady (Vi) 5.42 18.65 17.56 9.91 20.27

Neelum (Vj) 5.49 20.45 19.23 14.74 24.56

Kotookonam Varikka (V3) 5.48 22.29 21.08 12.12 22.18

SE m(±) 0.02 0.08 0.05 0.11 0.13

CD (0.05) 0.04 0.20 0.15 0.29 0.35
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4.4.8.4 Effect of interactions

With re^d to statistical analysis the interaction e&ct between

propagation methods and modified environments was significant [Table 20(b)] for

number of days taken for last sprouting. The least number of days taken for last

sprouting (21.33 days) was recorded in PiMi (epicotyl grafting under fon and pad

system) which was on par with PjMa (21.82 days) and PaMj (21.84 days). The

largest number of days taken for last sprouting (23.33 days) was recorded in the

treatment confoination P2M3 (softwood grafting under natural shade).

It is evident fi-om the data tliat the interaction between propagation

methods and varieties of scbn was significant [Table 21(b)] with respect to

number of days taken for last sprouting The least number of days for last

sprouting (20.07 days) was observed in P1V3 (epicotyl grafting in Kotookonam

Varikka) which was on par with PiVi (epicotyl grafting in Kalapady) (20.47

days). The largest number of days taken for first sprouting (24,67 days) was noted

in P2V2 (softwood grafting in Neehim).

The data presented in table 22(c) indicated that there was no significant

diference due to interaction between modified environments and varieties of

scion on nuniber of days taken for last sprouting

Interaction effect of different propagatbn methods, modified

environments and varieties of scion was significant [Table 23(c)] with respect to

number of days taken for last sproutii^ The least numbra' of days taken for last

sprouting (19.07 days) was recorded in PiMiVi (epicotyl grafting of Kalapady

under fon and pad system) which was on par with P1M1V3 (epicotyl grafting of

Kotookonam Varikka uixler fim and pad system) (19.27 days) and more number

of days taken for first sprouting (25.00 days) was recorded in treatment

combination P2M3V2 (softwood grafting of Neelum under natural shade).
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Table 19(c). Vegetative and growth characters of niango grafts as influenced

by varieties of scion

Varieties of scion Number of grafts sprouted
at weekly intervals (%)

Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)First

week

Second

week

Third

week

Kalapady (Vi) 25.19 52.04
72.60

72.41 61.67

Neehun (V^) 34.81 64.45
80.56

80.74 70.37

Kotookonam Varikka (V3) 44.26 75.56 86.30 86.11 75.19

SE m(±) 0.63 0.71 0.91 0.74 0.64

CD (0.05) 1.79 2.05 2.62 2.13 1.77

Table 19(d). Vegetative and growth characters of niango grafts as influenced

by varieties of scion

Varieties of scion Days taken Number of Leaf Leaf Leaf
for leaf leaves per length width area

opening

(davs)

graft (cm) (cm) (cm^)

Kalapady (V|) 13.97 13.79 14.61 2.93 39.26

Neehini (Vj) 16.81 16.07 15.56 3.26 43.33

Kotookonam Varflcka (V3) 15.23 14.72 15.26 3.64 42.78

SE m(±) 0.07 O.IO 0.02 0.10 0.15

CD (0.05) 0.20 0.29 0.05 0.28 0.43
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4.4.9 Number of grafts sprouted at weekly intervals

The data on number of grafts sprouted at weekly intervals as influenced by

dififerenl propagation methods and modified environments on diferent varieties of

scion is described bebw.

4.4.9.1 Effect of propagation methods

The perusal of data presented in tabfe n(c) clearly indbated that the

number of grafts sprouted at weekly intervals were significantly influenced by

difierent propagatbn methods. Hi^ier number of sprouted grafts at week^

intervals (first, second and third week after grafting (36.91 %, 67.16 % and 83.46

% respectively) was obtained from epicotyl grafting

4.4.9.2 Effect of modified environments

Tlie data presented in tabb 18(c) reveafed that modified environment

conditbns had significant efibct on number of grafts sprouted at weekly intervals.

During the first and second week after grafting fen and pad system (Mi) was

significantly superior over humid chanfeer (M2) and natural shade (M3) with

respect to the hi^st number of sprouted grafts (36.30 % and 65,74 %

respectively). During third week, more number of sprouted grafts were recorded

under fen and pad system (81.48 %), wliich was on par with tlTOse under liumid

chamber (79.45 %). Tlie least number of sprouted grafts at weekly intervals were

observed under natural shade (75 % shade).

4.4.9.3 Effect of varieties of scion

The perusal of data presented in tabb 19(c) clearly indicated that the

number of grafts whbh sprouted at weekfy intervals was significantly influenced

by scbn varieties. The var. Kotookonam Varikka produced more number of

sprouted grafts at weekly intervals (first, second and third week after grafting

(44.26 %, 75.56 % and 86.30 %, respectively) whib, the bast was in Kalapady.
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4.4.9.4 Effect of interactions

Hie interaction between propagation methods and modified environments

was significant [Table 20(c)] with respect to the number of grafts sprouted at

weekly intervals. Hie number of sprouted grafts at weekly intervals (first, second

and third week after grafting) were the hi^st (40.00 %, 70.37 % and 87.41 %

respectively) in P|Mi (epicot>i grafting under fen and pad system). During second

week, the treatment P1M2 (epicotyl grafting under humid chamber) was on par

witli P|Mi. The least number of sprouted grafts at weekly intervals (31.11 %,

58.15 % and 75.55 %) was recorded in P2M3 (softwood grafting under natural

shade).

It is evident fi-oin the data that the interaction of propagation n^thods and

varieties of scion was significant [Table 21(c)] with respect to the number of

grafts sprouted at first and second week and it was non-significant at third week

after grafting. The number of sprouted grafts at weekly intervals (first and second

week after grafting were the hi^iest (48.52 % and 81.48 % respectively) in

treatment P1V3 (epicot)d grafts of Kotookonam Varilcka), ^^he^eas the lowest

number of grafts sprouted at weekly intervals (24.81 % and 51.48 %) was

observed in P2V] (softwood grafts of Kalapady).

Hie data presented in Table 22(c) indicated that there was no significant

difeence due to interaction of modified environments and varieties of scion for

number of grafts sprouted atweekfy intervals.

Interaction effect of dififerent propagation methods, medified

environments and varieties of scion were found non-significant [Table 23(c)] wMi

respect to nunfoer of grafts sprouted at weekly intervals.
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Table 19(e). Vegetative and grD>\th characters of mango grafts as influenced

by varieties of scion

Varieties of scion Numbcrof

nodes on

scion

Inte modal

length
(cm)

Root

length
(cm)

Number of

growth
flushes per

graft
Kalapady (V,) 19.64 4.91 21.40 1.34

Neehim (V2) 22.44 5.23 20.77 1.74

Kotookonam Varildca (V3) 22.69 5.38 26.32 2.08

SE m(±) 0.09 0.01 N.S 0.03

CD (0.05) 0.27 0.04 N.S 0.10

Table 19(f). Vegetative and growth characters of mango grafts as influenced

by varieties of scion

Varieties of scion Number of da>^
taken between

grafting and first
vegetative flush

(days)

Number of days
taken between

grafting and
second

vegetative flush
(days)

Survival

percentage

of grafts

(%)

Kalapady (V|) 23.73 44.28
60.93

Neelum(V2) 30.62 49.92 59.45

Kotookonam Varikka (V3) 26.68 41.98 59.11

SE m(±) 0.12 0.09 N.S

CD (0.05) 0.32 0.28 N.S
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4.4.10 Initial success percentage

The data on initial success percentage 30 DAG as influenced by difierent

propagation methods and modified environments on difoent varieties of scion is

presented bebw.

4.4.10.1 Effect of propagation methods

With regard to propagatbn methods, the results obtained was significant

for initial success percentage 30 DAG. The hi^iest percentage of initial success

(83.21 %) was noted in epicotyl grafted plants while, flie lowest (76.30 %) was in

softwood grafted plants [Table 17(d)].

4.4.10.2 Effect of modified environments

The data presented in table 18(d) sliowed that tliere was significant eft^t

of modified environment conditbn on initial success percentage of grafts. At 30

DAG, the maximum initial graft success (81.30 %) was obtained under fen and

pad system, which was on par with humid chamb«- (79.44 %). The bwest

percentage of initial graft success was recorded under natural shade (78.52 %).

4.4.10.3 Effect of varieties of scion

With regard to di^rent varieties of scbn, the results obtained were found

significant for initial success percentage at 30 DAG [Table 19(c)]. The variety
Kotookonam Varikka recorded the hi^est initial graft success (86.11 %),
foflowed by Neelum (80.74 %), whereas the bast percentage was recorded in

Kotookonam Varikka (72.41 %).
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Table 20(a). Interaction cfTcct of various propagation methods and modified

environments on vegetative and gro>vth characters of mango grafts

IVcatnients Girth of rootstock (mm) Girth

of

scion

(ram)

Length
of

scion

(cm)

Graft

height
(cm)

Initial

(at the

time of

grafting)

Fmal Ghth

increment

PiM] 4.03 4.03 0.71 5.19 16.32 24.58

P1M2 4.33 4.28 0.80 5.11 15.73 23.78

P1M3 4.38 4.43 0.91 4.93 15.36 22.51

P2M1 7.19 7.15 0.83 7.69 15.50 27.75

P2M2 7.36 7.29 0.88 7.43 15.26 25.73

P2M3 7.57 7.68 0.97 7.12 15.09 24.59

SEm(±) 0.02 0.02 N.S 0.01 0.03 0.11

CD (0.05) 0.07 0.06 N.S 0.04 0.08 0.04
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Table 20(b). Interaction etiect of various propagation methods and modified

environments on vegetative and growth characters of mango grafts

♦
#

TVeatments Length
of

sprout

(cm)

Spread of i^ant
(cm)

Days taken
for first

sprouting
(days)

Days
taken for

last

sprouting
(days)

N-S

direction

E>-W

direction

PiMi 5.57 21.90 20.11 11.58 21.33

P1M2 5.54 20.04 19.19 12.42 21.82

P1M3 5.40 18.33 17.83 12.58 22.47

P2M, 5.48 22.68 21.09 11.80 21.84

P2M2 5.44 20.86 19.11 12.58 22.80

P2M3 5.39 18.96 18.40 12.60 23.33

SE m(=t) 0.02 N.S 0.08 0.15 0.18

CD (0.05) 0.05 N.S 0.22 0.42 0.51
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4.4.10.4 Effect of interactions

The interaction effect of propagation methods and modified environments

were significant [Table 20(c)] for initial success percentage 30 DAG. The hi^est

initial success percentage (87.04 %) was recorded in PiMi (epicotyl grafting under

fen and pad system), followed by PiMa (epicot>d g^afting under humid chamber)

(82.96 %). The least initial success percentage (75.56 %) was recorded in P2M3

(softwood grafting under natural shade).

Interaction effjct of propagation methods and varieties of scion was non

significant [Table 21(c)] witli respect to initial success percentage of grafts.

The data presented in table 22(d) indicated that tliere was no significant

difference due to interaction between modified environments and varieties of

scion for initial success percentage of grafts.

Interaction effect of diferent propagation methods, modified

environments and varieties of scion were non-significant [Table 23(d)] with

respect to initial success percentage 30 DAG.

4.4.11 Percentage of graft establishment

Tlie data regardingpercentage of graft establishment 60 DAG as

influei-»ced by difierent propagation methods and modified environments on

di^rent varieties of scion is furnished below.

4.4.11.1 Effect of propagation methods

The method of propagation showed significant effect on percentage of

©aft establishment 60 DAG [Table 17(d)]. The hi^iest percentage of graft

established (72.22 %) was noted in cpicotj^ method while, the least percentage

(65.93 %) was recorded in softwood grafting

#
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TaUc 20(c). Interaction efTect of various propagation methods and modified

environments on vegetative and growth characters of mango grafts

t
#

Treatments Number of grafts sprouted
at weekly intervals (%)

Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)
First

week

Second

week

Third

week

PiM, 40.00 70.37 87.41 87.04 74.81

P1M2 36.67 67.46 83.33 82.96 72.55

P1M3 34.07 63.70 79.63 79.63 69.63

P2M1 34.07 63.33 77.41 75.93 65.19

P2M2 32.59 61.11 75.56 77.41 71.11

P2M3 31.11 58.15 75.55 75.56 61.49

SEni±) 0.88 1.01 1.29 1.05 0.87

CD (0.05) 2.53 2.91 3.71 3.01 2.49

*

9
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Table 20(d). Interaction cfTect of various propagation methods and modified

environments on vegetative and growth characters of mango grafts

T>catments Days
taken for

leaf

opening
(days)

Number

of leaves

per graft

Leaf

length
(cm)

Leaf

width

(cm)

Leaf

area

(cm?)

PiMi 14.62 15.87 15.90 3.74 45.19

P1M2 15.36 15.66 15.46 3.72 43.88

P1M3 15.60 14.77 14.47 3.64 36.84

P2M1 14.86 15.49 15.34 3.56 45.12

P2M2 15.24 14.26 15.30 3.02 44.84

P2M3 15.67 13.29 14.37 2.38 34.84

SE ni±) 0.10 0.14 0.02 N.S 0.21

CD (0.05) 0.27 0.40 0.07 N.S 0.61
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4.4.11.2 EfTect of modified cnviromnciits

The data presented in table 18(d) showed that there was significant efet

of modified environmental conditions on percentage of graft estabKshment 60

DAG. Hie h^iest percentage of graft establishment (71,67 %) was observed

under grafts in &n and pad system, which was on par with humid chamber (70.00

%), whereas the bwest percentage of graft establishment (65.56 %) was recorded

in those under natural shade (75 % shade).

4.4.11.3 Effect of varieties of scion

The varieties of scion showed significant effect on percentage of graft

establishment 60 DAG [Table 19(c)]. The hi^iest percentage of graft established

(75.19 %) was noted in Kotookonam Varikka, followed by Neelum (70.37 %)

while, the least percentage (61.67 %) was noted in Kalapady.

4.4.11.4 Effect of interactions

The interaction efect between propagation methods and modified

environments was found significant [Table 20(c)] with respect to percentage of

graft establishment 60 DAG. The hi^iest percentage of graft establishment (74.81

%) was recorded in P|Mi (epicotyl grafting under fon and pad system), which was

on pai- with P1M2 (epicotyl grafting under liumid chamber) (72.55 %). The bwest

percentage of graft establishment (61.49 %) was recorded in the treatment

« g confoinatbn P2M3 (softwood grafting wrier natural shade).

Interactbn effect of propagatbn methods and varieties of scbn was non

significant [Tabfe 21(c)] with respect to percentage of graft estabBshment
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Table 20(e). Interaction cfTect of various propagation methods and modified

environments on vegetative and growth characters of mango grafts

lYcatments Number

of nodes

on scion

Internodal

length
(cm)

Root

length
(cm)

Number of

growth

flushes per
graft

PiM, 24.37 5.38 25.58 2.02

P1M2 18.61 5.36 17.33 1.62

P1M3 18.60 4.84 18.54 1.58

P2M, 23.41 5.58 28.92 1.89

P2M2 20.98 5.34 25.82 1.80

P2M3 18.04 4.70 20.77 1.47

SE m(±) N.S 0.09 N.S 0.05

CD (0.05) N.S 0.05 N.S 0.14
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Table 20(0. Interaction effect of various propagation methods and modified

environments on vegetative and growth characters of mango grafts

Treatments Number of days
taken between

grafting and first
vegetative flush

(days)

Number of days
taken Ix^tween

grafting and
second

vegetative flush
(days)

Survival

percentage

of grafts

(%)

PiMi 25.44 43.84 68.89

P1M2 26.02 45.20 64.07

P1M3 26.73 45.93 62.59

P2M) 27.98 45.02 54.82

P2M2 27.16 46.07 55.63

P2M3 28.73 46.31 52.96

SE ni±) 0.17 0.13 0.89

CD (0.05) 0.48 0.38 2,55
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Table 21(a). Interaction effect of various propagation methods and varieties

of scion on vegetative and growth characters of mango grafts

TVcatments Girth of rootstock (mm) Girth

of

scion

(mm)

Length
of scion

(cn^

Graft

height
(cm)Initial

(at the

time of

grafting)

Final Girth

increment

PiV,
3,35 4.03 0.69 4.93 15.36 23.30

P1V2 3.42 4.28 0.84 5.11 15.73 23.70

P1V3 3.52 4.43 0.92 5.19 16.32 23.89

P2V, 6.35 7.15 0.81 7.12 15.09 25.17

P2V2 6.41 7.29 0.90 7.43 15.50 26.04

P2V3 6.71 7.68 0.98 7.69 15.26 26.87

SEn<±) 0.02 0.02 0.01 0.01 0.03 0.11

CD (0.05) 0.07 0.06 0.04 0.04 0.08 0.04
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The data presented in table 22(d) indicated that there was significant

difeence due to interaction between modified environments and varieties of

scion on percentage of graft establishment 60 DAG. The hi^st percentage of

graft establishment (80.00 %) was recorded in MiVj (fen and pad system +

Kotookonam Varikka), fcltowed by M1V2 (fiin and pad system + Neelum) (73.33

%). The bwest percentage of graft establishment (51.11 %) was recorded in M3V1

(natural shade + Kalapady).

Interaction effect of different propagation methods, modified

environments and varieties of scion was non-significant [Table 23(d)] with respect

to percentage of graft establishment

4.4.12 Days taken for leaf opening

Tlie mean data on days taken for leaf opening as influenced by different

propagation methods and modified environments on difierent varieties of scion is

presented bebw.

4.4.12.1 Eflect of propagation methods

Tlie methods of grafting showed significant efect on number of days

tak^ for baf opening [Table 17(d)]. The epicotyl grafted plants recorded the least

nuniber of days for baf opening (15.07 days) than the softwood grafted plants

(15.61 days).

4.4.12.2 Effect of modified environments

The significant difference due to modified environment conditbns were

observed for nunfoer of days taken for leaf opening [Table 18(c)]. Regarding the

e&ct of modified environmental conditbns, fen and pad system (Mi) was better

for earliness in leaf opening (15.11 days), whbh was on par with humid chanfoer

(M2) (15.29 days). More number of days for baf opening (15.60 days) was

recorded under natural shade condition.
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4.4.12^ Effect of varieties of scion

Tlie perusal of data presented in table 19(d) sliowed that there was

significant effect of varieties of scbn on number of days taken for leaf opening.

The var. Kalapady recorded the least number of days (13.97 days) for leaf

opening, \^reas the var. Neehim recorded the largest nunfoer of days (16.81

days) for leaf opening.

4.4.12.4 Effect of interactions

The interaction efect between propagation methods and modified

environments was significant ffable 20(d)] for the number of da>s taken for leaf

opening. The least number of days for leaf opening (14.62 days) was recorded in

PiMi (epicotyl grafting under fon and pad system), which was on par with P2M1

(softwood grafting under fen and pad system) (14.86 days). More number of days

taken for leaf opening (15.67 days) was recorded in P2M3 (softwood grafting

under natural shade).

Interaction e&ct of propagation methods and varietfes of scion was

significant [Table 21(d)] with respect to number of days taken for leaf opening

The least number of days for leaf opening (14.28 days) was observed in PiVi

(epicotyl grafts of Kalapady), foDowed by P2V1 (softwood grafts of Kalapady)

(14.93 days). Whereas the hi^st number of days for leaf opening (15.62 days)

was noted in P2V2 (softwood grafts of Neelum).

The data presented in table 22(d) indicated that there was significant

difiference due to interaction between modified environments and varieties of

scion on number of days taken for leaf opening. Tlie least number of days taken

for leaf opening (13.83 days) was recorded in MjVi (fen and pad system +

Kalapady), which was on par with M2V1 (humid chamber + Kalapady) (13.93

days). More number of days for leaf opening (17.07 days) was recorded in M3V2

(natural shade + Neehim).

Interaction effect of different propagation methods, modified

environments and varieties of scbn was non-significant [Table 23(d)] with respect

to number of days taken for leaf opening
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Table 21(b). Interaction effect of various propagation methods and varieties

of scion on vegetative and growth characters of mango grafts

IVcatmcnts Length
of

sprout

(cm)

Spread of plant
(cm)

Days
taken for

first

sprouting
(days)

Days
taken for

last

sprouting
(days)

N-S

direction

E-W

direction

PiVi 5.40 18.33 17.07 9.87 20.47

P1V2 5.57 20.04 19.15 14.60 24.44

P1V3 5.48 21.90 20.92 9.96 20.07

P2V, 5.39 18.96 18.05 12.42 21.53

P2V2 5.44 20.86 19.31 14.89 24.67

P2V3 5.53 22.68 21.24 11.82 22.82

SEn<±) 0.02 N.S 0.08 0.15 0.18

CD (0.05) 0.05 N.S 0.22 0.42 0.51
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Table 21(c). Interaction effect of various propagation methods and varieties

of scion on vegetative and growth characters of mango grafts

Treatments Number of grafts
sprouted at weekly

intervals

(%)

Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)
First

week

Second

week

Third

week

PiVi
37.41 68.52 81.84 74.44 63.70

P1V2 40.00 69.63 84.81 84.81 74.44

P1V3 48.52 81.48 90.74 90.37 78.52

P2V, 24.81 51.48 51.48 70.37 59.63

P2V2 25.56 52.59 52.59 76.67 66.30

P2V3 32.21 60.37 60.37 81.85 71.86

SEit<±) 0.88 1.01 N.S N.S N.S

CD (0.05) 2.53 2.91 N.S N.S N.S
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Table 21(d). Interaction effect of various propagation methods and varieties

of scion on vegetative and growth ciiaracters of mango grafts

'Dieatments Days taken
for leaf

opening
(days)

Number

of leaves

per graft

Leaf

length
(cm)

Leaf

width

(cm)

Leaf

area

(cra^)

PiVi 14.28 14.27 14.93 2.76 38.99

P1V2 15.48 16.61 15.57 3.36 43.38

P1V3 15.28 15.31 15.62 3.59 41.47

P2V1 14.93 13.31 14.28 2.50 39.52

P2V2 15.62 14.13 15.24 3.14 42.09

P2V3 15.24 15.53 15.48 3.71 43.47

SEnX±) 0.02 N.S 0.02 0.14 N.S

CD (0.05) 0.07 N.S 0.07 0.41 N.S

■m
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4.4.13 Number of leaves pergraft

Hie data regarding number of leaves per graft 90 DAG as influenced by

diflferent propagation methods and modified environments on di&rent varieties of

scion is described bebw.

4.4.13.1 Effect of propagation methods

The methods of grafting showed s^nificant efect on number of leaves per

graft [Table 17(e)]. The epicotyl grafted plants produced significant^ more

nurrfier of leaver per graft (15.40) 90 DAG than softwood grafted plants (14.33),

4.4.13.2 Effect of modified environments

The significant difeences due to modified environment conditions were

observed for number of leaves per graft 90 DAG [Tabfe 18(d)]. Regarding the

e^t of environment conditions, fen and pad system (Mi) was found better for

' producing the hi^st nunfoer of leaves (15.68) 90 DAG, folfowed by humid

chanfoer (14.90). The bwest number of teavcs per graft (13.98) was observed

under natural shade (Mj) during tlie observatbn period.

4.4.13.3 Effect of varieties of scion

It is clear fiom tlic data [Table 19(d)] that the significant variatbns due to

varieties of scbn with respect to number of leaves per graft 90 DAG. The highest

number of leaves (16.07) were observed in Neelum while the bwest (13.98) was

in Kalapady.

4.4.13.4 Effect of interactions

The interaction efibct of propagatbn methods and modified environn*;nts

was significant [Tabb 20(d)] for number of leaves 90 DAG. The hi^st number

of leaves per graft (15.87) was produced in P|Mi (epicotjd grafting under fen and

pad system) and on par with P1M2 (15.66) and P2M1 (15.49). The least number of

baves per graft (13.29) was recorded in P2M3 (softwood grafting under natural

shade).
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Table 21(e). Interaction effect of various propagation methods and varieties

of scion on vegetative and growth diameters of mango gmfts

Iriiatmcnts Number of

nodes on

scion

Intemodal

length
(cn^

Root

length
(cm)

Number

of growth
flushes

per graft

PiVi 20.16 4.97 16.76 1.27

P1V2 21.73 5.16 16.38 1.71

P1V3 22.98 5.46 20.32 2.02

P2V, 22.40 4.86 26.04 1.42

P2V2 20.88 5.30 25.15 1.73

P2V3 22.40 5.42 24.32 2.13

SEni±) N.S 0.02 N.S N.S

CD (0.05) N.S 0.05 N.S N.S
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Table 21(f).Interaction effect of various propagation methods and varieties of

scion on vegetative and growth characters of mango grafts

Iri^atments Number of days
taken between

grafting and first

vegetative flush

(days)

Number of days
taken between

grafting and

second

vegetative flush
(days)

Survival

percentage
of grafts

(%)

PiVi 25.40 43.82 55.56

P1V2 27.96 44.73 66.67

P1V3 23.04 41.42 73.33

P2V1 29.76 49.73 46.67

P2V2 31.89 50.11 55.56

P2V3 24.42 43.42 61.18

SE m(=t) 0.17 0.13 N.S

CD (0.05) 0.48 0.38 N.S

A
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Interactbn efect of propagation methods and varieties of scion was non

significant [Table 21(d)] with respect to number of leaves per graft.

The data presented in table 22(d) indicated that there was significant

diference due to interaction between modified environments and varieties of

scion on number of leaves per graft 90 DAG. The hi^iest number of leaves per

graft (16.87) was recorded in M1V2 (fen and pad system + Neelum), foflowed by

M2V2 (humid chamber + Neelum) (15.73). The least number of leaves per graft

(12.67) was recorded in the treatment confeination MjVj (natural shade +

Kalapady).

Interaction efiect of diflercnl propagation mctlwds, modified

environments and varieties of scion was non-significanl [Table 23(d)] with respect

to number leaves per graft 90 DAG.

4.4.14 Leaf length (cm)

The data on leaf length 90 DAG as influenced by different propagation

methods and modified environments on different varieties of scion is fiimished

befow.

4.4.14.1 Effect of propagation methods

The methods of grafting sliowed significant effect on leaf length 90 DAG

[Table 17(e)]. The epicotyl grafted plants recorded hi^ier leaf length (15.27 cm)

than softwood grafted plants (15.04 cm).

4.4.14.2 Effect of modified environments

The data recorded on leaf length [Table 18(e)] revealed that there was

significant eflfect due to environmental conditions. Among three modified

environmental conditions, fen and pad system (Mi) resulted in grafts with the

hi^iest leaf length (15.60 cm), foOowed by humid chanfeer (M2) (15.40 cm). The

least leaf lengtli was recorded under natural shade (14.42 cm).
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Table 22(a).Interaction effect of difTerent modincd environments and

varieties of scion on vegetative andgro>vth characters of mango grafts

TVeatments Girth of roots tock (mm) Girth of

scion

(mm)

Length
of scion

(cm)
Initial

(At the
time of

grafting)

Final Girth

increm

ent

MiVi 4.90 5.42 0.65 6.05 15.47

M1V2 4.99 5.62 0.81 6.33 16.10

M1V3 5.28 6.09 0.85 6.53 16.19

M2V1 4.86 5.66 0.73 6.04 15.15

M2V2 4.94 5.69 0.84 6.31 15.77

M2V3 5.13 5.98 0.94 6.42 15.26

M3V1 4.76 5.61 0.86 6.01 15.07

M3V2 4.80 5.68 0.96 6,16 15.31

M3V3 4.93 5.94 1.03 6.37 15.75

SEnX±) 0.03 0.02 N.S 0.02 0.04

CD (0.05) 0.09 0.08 N.S 0.05 0.11
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4.4.14.3 Effect of varieties of scion

The data regarding leaf length of different scbn varieties of imngo is
presented in table 19(d). Si^iificant diffijrence between varieties were observed

with respect to leaf lengtlt The hi^st leaf lengUi (15.56 cm) was observed in

Neelum, followed by Kotookonam Varikka (15.26 cm) whereas the smallest

length (14.61 cm) was observed in Kalapady.

4.4.14.4 Effect of interactions

The interaction effect of propagation methods and modified environments

was significant [Table 20(d)] with respect to leaf length 90 DAG. The largest leaf

length (15.90 cm) was recorded in P,Mi (epicotjd grafting under fen and pad
sjstem), followed by PiM2 (epicotji grafting under humid chamber) (15.46 cm).
The bwest leaf length (14.37 mm) was recorded in P2M3 (softwood grafting under
natural shade).

Interaction effect of propagation methods and varieties of scion was

significant [Table 21(d)] with respect to leaf length. The hi^st leaf length (15.62
cm) was observed in epicotyl grafts of kotookonam Varikka (P1V3) which was on

par with P1V2 (15.57 cm). Tlie lowest leaf length (14.28 cm) was noted in

softwood grafts of Kalapady (P2V1).

The data presented in table 22(e) indicated that there was significant
differeiKe due to interaction between modified environments and varieties of

scion on leaf length 90 DAG. The liighest leaf length (16.02 cm) was recorded in

M1V2 (fen and pad system + Neelum), which was on par with M1V3 (fen and pad
system + Kotookonam Varikka) (15.96 cm). The lowest number of leaves per

graft (13.98 cm) was recorded in M3V1 (natural shade + Kalapady).

Interaction efet of difeent propagation methods, modified
environments and varieties of scbn was found significant [Table 23(e)] with
respect to leaf length 90 DAG. The hi^est leaf length (16.03 cm) was recorded in

the treatment combination P1M1V2 (epbotyl grafting m Neelum under fen and pad
system), \riibh was on par with P2M1V2 (16.00 cm), P1M2V2 (15.97 cm), P1M1V3
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(15.95 cm) and P2M1V3 (15.94 cm). The least (13.95 cm) leaf length was noted in

2  PjMjVj (softwood grafting in Kalapady under natural shade).

4.4.15 Leaf width (cm)

The data on leaf width 90 DAG as influenced by difier^ propa^tion

methods and modified environments on different varieties of scbn is presented

below.

4.4.15.1 Effect of propagation methods

Tlie methods of grafting showed significant effect on leaf width 90 DAG

[Table 17(e)]. The epicotyl grafted plants recorded higher leaf width (3.36 cm)

J  than softwood grafted plants (2.98 cm).

4.4.15.2 Effect of modified environments

The data recorded on leaf width [Table 18(e)] revealed that tliere was

significant effect due to environmental conditions. Among three environmental

conditions, fim and pad system (Mi) resulted in the hi^iest leaf width (3.65 cm),

foDowed by humid chamber (M2) (3.33 cm). The least leaf length was recorded

under natural sliade (2.54 cm).

4.4.15.3 Effect of varieties of scion

The data regarding leaf width of diferent scion varieties of mango is

presented in table 19(d). Significant difference between scion varieties were

•  observed with respect to leaf width. The hi^st leaf width (3.64 cm) was

observed in Kotookonara Varikka, followed by Neehan (3.26 cm). The lowest

leaf width (2.93 cm) was observed in Kalapady.

4.4.15.4 Effect of interactions

Interaction effect of propagation methods and modified environments was

non-significant for leaf width at 90 DAG [Table 20(d)].
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Table 22(b).Intcractioii effect of different modified environments and

varieties of scion on vegetative and growth character of mango grafts

IVeatments Graft

height
(cm)

Length 0
sprout

(cm)

Spread of plant
(cm)

N-S

direction

E-W

direction

MiVi 26.04 5.88 19.98 17.89

M1V2 26.60 5.64 21.82 20.88

M1V3 26.86 5.97 23.64 22.35

M2V1 24.94 5.48 18.41 17.54

M2V2 25.05 5.60 20.54 18.91

M2V3 25.06 5.47 22.12 21.01

M3V1 22.82 4.97 17.56 16.57

M3V2 24.21 5.03 18.99 18.58

M3V3 24.28 5.16 21.11 19.88

SE m(±) 0.05 0.02 N.S 0.09

CD (0.05) 0.14 0.06 N.S 0.27

0
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Interaction effect of propagation methods and varieties of scion was

significant [Table 21(d)] with respect to leaf width 90 DAG. Ihe lii^st leaf

width (3.71 cm) was observed in softwood grafts of Kotookonam Varikka (P2V3),

which was on par with P1V3 (3.59 cm) and P1V2 (3.36 cm). TTie fowest leaf width

(2.50 cm) was noted in softwood grafts of Kalapady (P2V1).

The data presented in table 22(e) indicated that there was no significant

difeence due to interaction between nx)dified environments and varieties of

scion on leaf width 90 DAG.

Interaction effect of different propagation metliods, modified

environments and varieties of scion was non-significant [Table 23(e)] with respect

to leaf width 90 DAG.

4.4.16 Leaf area (cm^)

The mean data on leaf area 90 DAG as influenced by different propagation

methods and modifed environments on diferent varieties of scion is fimished

bebw.

4.4.16.1 Effect of propagation methods

The methods of grafting showed significant efiect on leaf area 90 DAG

[Tabb 17(e)]. The epbotyl grafted plants recorded hi^r leaf area (41.69 cm^)

than sofhvood grafted plants (41.28 cm^).

4.4.16.2 EiTect of modified environments

The data on leaf area [Tabb 18(e)] revealed that there was significant

effect due to modified environmental conditbns. Among the three nx)dified

environments, fen and pad system (M|) resulted in grafts with the hi^iest leaf area

(44.98 cm^), folfowed by humid chamber (M2) (44.53 cm^). Tlie bast baf area

was recorded under natural shade (34.94 cm^).

4.4.16.3 Effect of varieties of scion

The data regarding baf area of different scbn varieties of nmngo is

presented in tabb 19(d). Significaift difference between scbn varieties were

observed with respect to baf area. The higjiest leaf area (43.33 cm^) was observed

170



in Neebni, which was on par with Kotookonam Varikka (42.78 cm^). The least

i  leaf area (39.26 cm^) was observed in Kalapady.

4.4.16.4 Effect of interactions

The interaction efect of propagation methods and modified environments

was significant [Table 20(d)] for leaf area 90 DAG. The h^iest leaf area (45.19
ty

cm) was recorded in PiMi (epicot>1 grafting under fen and pad system) which

was on par with P2M1 (softwood grafting under fen and pad system) (45.12 cm?)

and P2M2 (softwood grafting urkder humid chamber) (44.84 cm^). The least leaf

area (34.84 cm ) was recorded in P2M3 (softwood grafting + natural shade).

J  Interaction efet of propagation methods and varieties of scion was non
significant [Table 21(d)] with respect to leaf area of mango grafts 90 DAG.

The data presented in table 22(e) iixlicated that there was significant

diference due to interaction between modified environments and varieties of

scion on leaf area at 90 DAG. The highest leaf area (47.88 cm^) was recorded in

M1V2 (fen and pad system + variety Neelum) foDowed by M2V2 (46.19 cm^). The

least leaf area (33.41 cm^) was recorded M3V1 (Natural shade + Kalapady).

Interaction effect of diflcrent propagation methods, modified

environments and Narieties of scion was non-significant [Table 23(e)] with respect

to leaf area 90 DAG.

4.4.17 Number of nodes on scion

••
The data regarding number of nodes on scion 90 DAG as influenced by

di^ent propagation methods and modified environments on different varieties of

scion is presented befow.

4.4.17.1 Effect of propagation methods

The methods of grafting showed significant effect on number of nodes 90

DAG [Table 17(5]. epicot)4 grafted plants recorded hi^r nunrfoer of nodes

(21.63) than softwood grafted plants (20.81).
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Table 22(c). Interaction effect of different modified environments and

varieties of scion on vegetative and growth characters of mango grafts

IVeatments Days
taken for

first

sprouting
(days)

Days
taken for

last

sproutii^
(days)

Number of grafts
sprouted at weekly

intervals (%)

First

week

Second

week

Third

week

MiVi 9.77 24.27
27.22 55.00 73.89

M1V2 14.60 21.73 36.11 65.56 82.78

M1V3 9.90 20.20 45.55 76.67 87.78

M2V, 14.63 24.50 23.89 51.11 71.67

M2V2 n.80 21.77
33.89 63.89 79.44

M2V3 11.50 19.83 44.43 75.56 84.48

M3V1 15.00 24.90 24.44 49.98 72.22

M3V2 13.07 23.03 34.45 63.89 79.44

M3V3 10.38 20.77 42.78 74.44 86.67

SE m(±) 0.18 N.S N.S N.S N.S

CD (0.05) 0.52 N.S N.S N.S N.S
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4.4.17.2 EfTcct of modiilcd environments

The data recorded on number of nodes as influenced by various

environment conditions 90 DAG was significant [Table 18(e)]. Tbe h^iest

niBrf>er of nodes were observed in grafts maintained under fen and pad system

(24.14), which was on par with humid chamber (23.92). The least number of

nodes on scion (18.32) was noted under natural shade.

4.4.17.3 Effect of varieties of scion

The perusal of data presented in table 19(e) showed that there was

significant effect of varieties on number of nodes. Kotookonam Varikka recorded

the higliest number of nodes (22.69) which was on par with Ncelum (21.31). The

fewest number of nodes on scion (19.64) was recorded in Kalapady.

4.4.17.4 Effect of interactions

Interaction effect of propagation methods and modified environments was

non-signiricant for number of nodes on scion 90 DAG [Table 20(e)].

Interaction efet of propagation methods and varieties of scion was non

significant [Table 21(e)] with respect to number of nodes on scion 90 DAG.

The data presented in table 22(f) indicated that there was significant

difference due to interaction between modified environments and varieties of

scion on number of nodes on scfen 90 DAG. The hi^st number of nodes (25.08)

were observed in M1V3 (fen and pad system + Kotookonam Varikka), which was

on par with M2V3 (24.80). The least number of nodes (16.43) was recorded in

M3V1 (natural shade + Kalapady).

Interaction efiect of different propagation methods, modified

environments and varieties of scion was non-significant [Table 23(f)] with respect

to number of nodes on scion 90 DAG.
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4.4.18 Intcrnodal length (cm)

The data on intemodal length 90 DAG as influenced by different

propagation methods and modified environments on diferent varieties of scion is

described below.

4.4.18.1 Effect of propagation methods

The methods of propagation showed significant effect on intemodal length

90 DAG [Table 17(Q]. The significantfy hi^ier intemodal length (5.20 cm) was

noted in epicotyl grafted plants than llie softwood grafted plants (5.14 cm).

4.4.18.2 Effect of modified environments

The data presented in table 18(Q showed tliat tliere was significant effect

of environmental conditions on intemodal length 90 DAG. The hi^estintemodal

length (5.48 cm) was observed under ftm and pad system which was on par with

humid chamber (5.46 cm), whereas the bwest intemodal length (4.77 cm) was

recorded under natural shade (75 % shade).

4.4.18.3 Effect of varieties of scion

The varieties of scion showed significant effect on intemodal length 90

DAG [Table 19(e)]. The hi^st intemodal length (5,38 cm) was noted in

Kotookonam Varikka, Iblbwed by Neelum (5.23 cm), while the bwest intemodal

fength (4.91 cm) was recorded in Kalapady.

4.4.18.4 Effect of interactions

Tlie interactbn effect between propagatbn methods and mDdified

environments was significant [Table 20(e)] with respect to intemodal bngtli 90

DAG. The hi^iest intemodal length (5.58 cm) was recorded in P2M1 (softwood

grafting under fen and pad system) foDowed by PiMt (5.38 cn^ and P1M2 (5.36

cm). The bwest intemodal bngth (4.70 cm) was recorded in P2M3 (softwood

grafting under natural shade).

Interactbn effect of propagatbn methods and varieties of scbn was

significant [Tabte 21(e)] with respect to intemodal length 90 DAG. The hi^st
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intemodal length (5.46 cm) was observed in epicotyl grafts of Kotookonam

t  Varikka (P1V3), which was on par with P2V3 (5.42 cm). The bwest intemodal

length (4.86 cm) was in softwood grafts of Kalapady (P2V1).

The data presented in table 22(0 indicated that there was significant

difference due to interaction between modified environments and varieties of

scion on intemodal length 90 DAG. The highest intemodal length (5.70 cm) was

recorded in M1V3 (fen and pad system+ Kotookonam Varikka) which was on par

with M2V2 (5.66 cm). The least intemodal length (4.38 cm) was recorded in M3V1

(natural shade + Kalapady).

Interactbn efiect of different propagatbn mctlwds, modified

emTronments and varieties of scion was sigjiificanl [Table 23(f)] witli respect to

intemodal length 90 DAG. The hi^est intemodal length (5.80 cm) was recorded

in P2M1V3 (softwood grafts of Kotookonam VarScka under fen and pad system),

whereas tlie fewest intemodal length (4.05 cm) was noted in the treatment

combination P2M3V1 (softwood grafts of Kalapady under natural shade).

4.4.19 Root length (cm)

Tlic data regardingroot lengtli 180 DAG as influenced by diflferent

propagation mettiods and modified environments on di&rent varieties of scion is

descnbed below.

4.4.19.1 EfTcct of propagation methods

The data on root length 180 DAG as influenced by different propagation

methods was non-significant [Table 17(f)].

4.4.19.2 Effect of modified environments

Tlie data presented in table 18(f) showed that there was no significant

effect of environmental conditions on root length 180 DAG.
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Table 22(d). Interaction effect of different nwdifled environments and

varieties of scion on vegetative andgro\\th characters of mango grafts

IVeatnients Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)

Days
taken for

leaf

opening
(days)

Number

of leaves

per graft

MiVi 72.78 61.67 13.83 14.67

Ml V2 82.78 73.33 16.43 16,87

M1V3 88.33 80.00 14.97 15.50

M2V1 72.89 60.00 13.93 14.03

M2V2 79.44 71.11 16.93 15.73

M2V3 86.11 76.67 15.00 14.97

M3V1 71.67 51.11 14.28 12.67

M3V2 80.00 66.67 17.07 15.62

M3V3 83.89 68.91 15,73 13.70

SE m(±) N.S 1.06 0.12 0.17

CD (0.05) N.S 3.05 0.33 0.49

t
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Table 22(c). Interaction effect of different modified environments and

varieties of scion on vegetative and growth characters of mango grafts

Treatments Leaf length
(cm)

Leaf width

(cm^
Leafarea

(cm^)

MiV] 15.01 3.38 42.20

M1V2 16.02 2.58 47.88

M1V3 15.96 3.99 44.85

M2V1 14.83 2.40 42-16

M2V2 15.80 2.83 46.19

M2V3 15.40 3.85 45.27

M3V1 13.98 2.85 33.41

M3V2 14.85 2.91 36.19

M3V3 14.43 3.14 35.21

SE ni±) 0.03 N.S 0.26

CD (0.05) 0.08 N.S 0.74
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4.4.19.3 Effect of varieties of scion

The perusal of data presented in [Table 19(e)] showed that there was no

significant efet of varieties on root length.

4.4.19.4 Effect of interactions

Interaction efiect of time of propagation methods and modifed

environments was norbsignificant for root length 180 DAG [Table 20(e)].

Interaction eflfect of propagation methods and varieties of scion was non

significant [Tabfo 21(e)] with respect to root length 180 DAG.

The data pri^ented in table 22(f) indicated that there was no significant

difeence due to interaction between modified environments and varieties of

scion on root length 180 DAG.

Interaction effijct of different propagation methods, modified

environments and varieties of scion was non-significant [Table 23(5] with respect

to root length 180 DAG.
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Table 22(f). Interaction effect of different modified environments and

varieties of scion on vegetative and growth characters of mango grafts

IVeatmcnts Number of

nodes on

scion

Inte modal

length
(cm)

Root

length
(cn^

Number

of growth
flushes

per graft

MiVt 20.00 5.14 17.51 1.50

M,V2 23.37 5.27 17.08 1.93

MIV3 25.08 5.70 18.94 2.30

M2V1 22.57 5.23 22.40 1.30

M2V2 24.07 5.66 21.49 1.80

M2V3 24.68 5.51 20.83 2.03

M3VI 16.43 4.38 24.28 1.23

M3V2 18.50 4.89 23.74 1.43

M3V3 20.03 5.02 23.18 1.90

SE nX±) 0.15 0.02 N.S N.S

CD (0.05) 0.43 0.06 N.S N.S

0
0
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4.4.20 Number of growth flushes per graft

I
Hie mean data on number of growth flushes per graft 90 DAG as

influenced by diflferent propagation methods and modified environments on

difeent varieties of scion is presented bebw.

4.4.20.1 Effect of propagation methods

The methods of graflnig showed significant effect on number of growth

flushes per graft at 90 DAG [Tabfe 17(f)]. The significant^ higher number of

growth flushes per graft (1.76) was recorded in epicotyl grafted plants (Pi) than

softwood grafted plants (P2)(1.65).

#  4.4.20.2 Effect of modified environments

The data recorded on number of growth flushes per graft 90 DAG revealed

that there was significant effect due to nwdified environmental conditbns [Tabb

18(f)]. Among three different modified environmental conditbns, fen and pad

system resulted in productbn of more number of growth flushes per graft (1.91),

foBowed by humid cliambcr (1.71). The bast nunfber of growtli flushes per graft

(1.52) was rwted under natural shade (75 % sliade).

4.4.20.3 Effect of varieties of scion

The cbse perusal of data [Tabb 19(e)] indicated that, there was significant

differences in number of growth flushes per graft as influenced by diferent

varieties of scbn 90 DAG. The highest number of growfti flushes per graft (2.08)

was observed in Kotookonam Varikka, foDowed by Neelum (1.74). The bast

number of growth flushes (1.34) was in Kalapady.

9
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Table 22(g).lnteraction effect of different modified environments and

varieties of scion on vegetative and gro>vth characters of mango grafts

IVeatments Number of days
taken between

grafting and
first vegetative

flush

(days)

Number of

days taken
between

grafting and
second

vegetative flush
(days)

Survival

percentage

of grafts

(%)

MiVi 24.27 41.77 52.22

M1V2 31.50 49.10 61.11

M,V3 27.43 41.87 69.45

M2V, 23.47 42.00 50.56

M2V2 30.33 49.57 59.44

M2V3 25.97 42.33 67.33

M3V1 26.63 45.23 50.56

M3V2 30.03 50.80 62.78

M3V3 23.47 43.36 65.00

SEm(±) N.S 0.16 N.S

CD (0.05) N.S 0.46 N.S
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4.4.20.4 Effect of interactions

The interaction e^ct of propagation methods and modified environmMits

were significant [Table 20(e)] with respect to number of growth flushes per graft.

Hi^st number of growth flushes per graft (2.02) was recoided in PiM| (epicotyl

grafting + fen and pad system), which was on par with P2M1 (1.89), while the

least number of growth flushes per graft (1.47) was recorded in P2M3 (softwood

grafting + natural shade).

Interaction cfet of propagation metliods and varieties of scion was non

significant [Table 21(e)] with respect to number of growth flushes per graft.

The data presented in table 22(f) indicated that there was non-significartf

difference due to interaction between modified environments and varieties of

scion on number of growth flushes per graft.

Interaction efet of di&rent propagation methods, nidified

environments and varieties of scion was significant [Table 23(0] with respect to

number of growth flushes per graft 90 DAG. The hi^st number of growth

fluslies per graft (2.33) was recorded in P1M1V3 (epicotyl grafting + fen and pad
system + Kotookonam Varikka), wlifeh was on par with P1M2V3 (2.27) and

P2M1V2 (2.11). The fewest number of growth flushes per graft (1.20) was noted in

P2M3V] (epicotyl grafting + natural shade + Kalapady).
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Table 23(a). Interaction effect of different propagation methods, modifled

environments and varieties of scion on vegetative and growth characters of

mango grafts

f

IVeatnKnts Girth of roots tock (mm) Girth Length
of scion

(cm)
Initial

(At the
time of

grafting)

Final Girth

increment

of scion

(mm)

PiMjVi 3,30 4.15 0.84 4.96 15.68
P1M1V2 3.55 4.36 0.91 5.21 16.36

P1M1V3 3.64 4.63 0.99 5.27 16.80

P1M2V1 3.39 4.17 0.66 4.91 15.25

P1M2V2 3.48 4.38 0.83 5.15 15.47

P1M2V3 3.51 4.46 0.93 5.13 15.59

P1M3V, 3.23 3.79 0.55 4.98 15.03

P1M3V2 3.33 4.10 0.77 4.92 15.25

P1M3V3 3.39 4.21 0.82 5.15 15.28

P2M1V1 6-42 7.24 0.88 7.15 15.48

P2M1V2 6.60 7.52 0.97 7.79 15.55

P2M]V3 6.92 7.94 1.07 7.45 16.19

P2M2V1 6.34 7.15 0.81 7.12 15.16

P2M2V2 6.48 7.21 0.86 7.69 15.34

P2M2V3 6.74 7.73 0.99 7.49 15.96

P2M3V1 6.28 7.06 0.76 7.10 14.89

P2M3V2 6.32 7.15 0.86 7.59 15.13

P2M3V3 6.34 7.36 0.88 7.35 15.36

SErr^i) 0.04 0,04 N.S N.S 0.05
CD (0.05) 0.12 0.12 N.S N.S 0.14
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Table 23(b). Interaction effect of different propagation methods, nwdified

environments and varieties of scion on vegetative and growth diameters of

mango grafts

TVcatments Graft Length of Spread of plant
height sprout (cm)
(cm) (cm) N-S E-W

direction direction

PiMiVi 24.21 5.67 19.48 17.31

P1M1V2 24.57 5.98 21.17 20.72

P1M1V3 24.96 6.05 23.11 22.31

P(M2Vi 23.53 5.68 18.25 17.65

P1M2V2 23.77 5.60 21.86 21.07

P1M2V3 24.07 5,88 20.14 18.87

P1M3V1 22.17 5.03 17.26 16.27

P1M3V2 22.46 5.00 18.80 17.85

PiMsVs 22.93 5.39 20.73 19.37

P2M1V1 26.99 5.39 20.47 19.85

P2M1V2 27.50 5.35 22.46 21.03

P2M1V3 28.76 5.52 24.17 22.39

P2M2V, 25.05 5.80 18.57 17.43

P2M2V2 25.81 5.43 20.94 18.95

P2M2V3 26.34 5.59 22.38 20.95

P2M3V1 23.47 4.90 17.85 16.88

P2M3V2 24.82 4.94 19.18 17.94

P2M3V3 25.50 5.03 21.49 20.39

SEn<±) 0.07 0.03 N.S N.S

CD (0.05) 0.19 0.08 N.S N.S
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Table 23(c). Interacdon effect of different propagation methods, modiiicd

environments and varieties of scion on vegetative and growth characters of

mango grafts

IVeatments Days
taken for

first

sprouting
(days)

Days
taken for

last

sprouting
(days)

Number of

sprouted at 1
intervals

grafts
weekly
%)

first

week

Second

week

Thiiri

week

PiMfVi 9.53 19.07 24.44 51.11 74.44

P1M1V2 15.12 24.00 37.78 68.89 83.33

P1M1V3 9.80 19.27 47.78 82.25 92.22

PfM2Vi 10.20 20.73 28.89 55.56 77.78
P1M2V2 15.00 24.80 40.00 71.11 90.00
P1M2V3 10.00 22.27 51.11 84.45 94.44
P1M3V1 10.29 21.60 21.11 47.78 72.22
P1M3V2 14.67 24.53 34.44 65.56 81.11

P1M3V3 13.00 20.60 46.67 77.78 85.56

P2M1V, 12.27 21.93 26,67 62.22 71.11

P2M,V2 14.27 24.47 33.33 54.45 77.78
P2M1V3 11.33 20.33 42.22 73.33 83.33

P2M2V1 10.36 22.73 25.56 54.44 70.00

P2M2V2 15.36 24.53 32.22 60.00 75.56

P2M2V3 13.13 21.13 40.00 68.89 81.11
P2M3V, 10.42 23.80 24.44 48.89 69.99

P2M3V2 15.44 25.00 31.11 58.89 75.55

P2M3V3 12,80 21.20 37.78 66.67 81.11
SE m(±) 0.26 0.31 N.S N.S N.S

CD (0.05) 0.73 0.88 N.S N.S N.S
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Table 23(d). Interaction effect of different propagation methods, modified

environments and varieties of scion on vegetative and growth characters of

mango grafts

TVeatments Initial

success

percentage

(%)

Percentage of
graft

establishment

(%)

Days
taken for

leaf

opening
(days)

Number

of leaves

per graft

PiMiV, 76.67 64.44 14.00 14.87

P1M1V2 94.44 76.67 17.33 16.73

P1M1V3 90.00 83.33 15.33 16.00

P1M2V1 74.44 62.22 14.27 13.33

P1M2V2 83.33 74.44 17.00 16.63

P1M2V3 91.11 80.00 15.73 14.33

PiMjVi 72.22 64.44 15.55 14.60

P1M3V2 81.11 72.22 16.93 16.47

P1M3V3 85.56 72.22 14.33 15.60

P2M1V1 68.89 60.00 13.53 14.47

P2M1V2 75.56 65.56 15.93 17.00

P2M1V3 82.24 70.00 14.40 15.00

P2M2V, 71.11 61.11 13.67 13.47

P2M2V2 78.89 72.22 16.80 15.00

P2M2V3 82.22 80.00 14.67 14.33

P2M3V1 71.11 57.78 14.00 12.00

P2M3V2 75.56 61.11 16.87 14.60

P2M3V3 81.11 65.57 15.73 13.07

SE nX±) N.S N.S N.S N.S

CD (0.05) N.S N.S N.S N.S
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Epicot>l graft Soft^vood graft

Plate 18. Graft union ofepicot>l and softwood graft of

Kotookonam Varikkaat 180 DAG
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4.4.21 Number of days taken between grafting and first vegetative flush

Hie data regardingthenumber of days taken between grafting and first

vegetative flush as influenced by diflferent propagation methods and modified

environments on different varieties of scion is presented below.

4.4.21.1 Effect of propagation methods

The metliods of grafting showed significant efect on tbenumber of days

taken between grafting and first vegetative flush [Table 17(g)]. The earJiness in

first vegetative flushing (26.06 days) was noted in epicot>d grafted plants, while

the hi^est numbers of days (27.95 days) were taken in softwood grafted plants

'  for first ve^tative flushing

4.4.21.2 EITcct of modified environments

The data presented in table 18(^ revealed that modified enwonment

conditions had significant effect on thenuraber of days taken between grafling and

first vegetative flush. The significant^ least number of days for first vegetative

flushing (26.58 days) was recorded under fen and pad system, which was on par

with humid cliamber (26.71 days). The higliest number of days for first vegetative

flushing (27.73 days) was observed under natural shade (75 % shade).

4.4.21.3 Effect of varieties of scion

TIk data regarding the number of days taken between grafting and first

«  vegetative flush of mango grafts as influenced by different varieties of scion is

presented ii table 19(f). The variety Kalapady recorded the least number of days

for first vegetative flushing (23.73 days), folfowed by Kotookonam Varikka

(26.68 days). The variety Neehim recorded the hi^iest nunfoer of days for first

vegetative flushing (30.62 days).

%
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Table 23(e). Interaction effect of different propagation methods, modified

environments and varieties of scion on vegetative and growth characters of

mango grafts

«

IVeatments Leaf length Leaf Leaf area

(cm) width (cm')
(cm)

P]M|Vi 15.71 3.47 42.36

P1M1V2 16.03 3.71 44.96

P1M1V3 15.95 4.02 48.04

P1M2V1 15.10 3.32 41.53

P1M2V2 15.97 3.65 45.76

P1M2V3 15.38 3.95 44.38

P1M3V1 14.93 2.62 33.09

P1M3V2 14.51 2.72 35.07

P1M3V3 13.97 2.76 36.35

P2M1V, 13.99 3.28 42.04

P2M)V2 16.00 3.44 44.75

P2MIV3 15.94 3.97 47.73

P2M2V1 15.70 2.00 42.78

P2M2V2 15.41 2,96 46.17

P2M2V3 14.91 4.10 46.63

P2M3VI 13.95 2.03 33.73

P2M3V2 14.36 2.07 35.35

P2M3V3 14.77 3.06 36.04

SEnV±) 0.04 N.S N.S

CD (0.05) 0.12 N.S N.S
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Table 23(f). Interaction effect of different propagation methods, modified

environments and varieties of scion on vegetative and growth characters of

mango grafts

Treatments Number Inte modal Root Number of
of nodes length length growth
on scion (cm) (cm) flushes per

graft

PiMiVi 20.67 5.09 18.54 1.73

P1M1V2 22.00 5.45 18.21 2.00

P1M1V3 23.07 5.61 18.89 2.33

P1M2V, 23.07 5.11 17.62 1.29

P1M2V2 24.33 5.20 17.07 1.87

P1M2V3 25.70 5.11 17.31 2.27

P1M3V1 16.73 4.70 16.32 1.27

P1M3V2 18.87 4.82 15.77 1.87

P1M3V3 20.20 4.98 16.02 1.60

P2M1V1 21.97 5.30 28.16 1.33

P2M1V2 23.80 5.58 28.94 2.11

P2M1V3 24-47 5.80 29.67 1.93

P2M2V1 19.33 5.17 25.68 1.27

P2M2V2 20.73 5.35 24.59 1.67

P2M2V3 22.87 5.49 27.19 1.93

P2M3V1 16.13 4.05 20.85 1.20

P2M3V2 18.13 4.96 20.21 1.93

P2M3V3 19.87 5.08 21.27 1.73

SE m(db) N.S 0.03 N.S 0.08

CD (0.05) N.S 0.09 N.S 0.24
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4.4.21.4 Effect of interactions

TTie interaction efect of propagation methods and modified CTivironments

was significant [Table 20(Q] for number of days taken between grafting and first

vegetative flush. The eariincss in first vegetative flushing (25.44 days) was

recorded in PiMi (epicotyl grafting under fen and pad system) foDowed by P1M2

(26.02 days). The largest number of days for first vegetative flushing (28.73 days)

were recorded in P2M3 (softwood grafting under natural shade).

It B evident fi"om the data that the interaction between propagation

metliods and varieties of scion was significant [Table 21(t)] with respect to the

number of days taken between grafting and first vegetative flush. Tlie least

number of days for fii-st vegetative fiusliing (23.04 days) was observed in epicotyl

grafts of Kotookonam Varikka (P1V3), followed by P2V3 (24.42 days). The lar^t

number of days for first vegetative flushing (31.89 days) was noted in softwood

grafts of Neelum (P2V2).

The data presented in table 22(^ indicated that tliere was no significant

diflerence due to interaction between modified environments and varieties of

scion on number of days taken between grafting and first vegetative flush.

Interaction efiect of different propagation methods, nwdified

environments and varieties of scion was non-significant [Table 23(^] with respect

to number of days taken between grafting and first vegetative flush.

4.4.22 Number of days taken between grafting and second vegetative flush

Tlie data on number of days taken between grafting and second vegetative

flush as influenced by diflferent propagation methods and modified environments

on different varieties of scion is described befow.

4.4.22.1 Effect of propagation methods

The metliods of grafting showed significant effect on thenumber of days

taken between grafting and second vegetative flush [Table 17(g)] (Table 35).

Significantly fewer number of days for second vegetative flush (44.98 days) was

recorded in epicotyi grafted plants conpared to softwood grafted plants (45.80
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4.4.22.2 EiTect of modified environments

The data presented in table 18(g) revealed that modified environments had

significant effect on the number of da>s taken between grafting and second

vegetative flush. The earliness in second vegetative flusliing (44.96days) was

recorded under fen and pad system, wliich was on par with humid chamber (45.11

days). Whereas the largest number of days for second vegetative flushing (46.12

days) was recorded under natural shade.

4.4.22.3 Effect of varieties of scion

The data residing thenumber of days taken between grafting and second

vegetative flush as influenced by varieties of scbn were presented in table 19(^.

The variety Kotookonam Varikka recorded the least number of days for second

vegetative flusliing (41.98 days) foltowed by Kalapady (44.28 days). Neekim

recorded the largest number of days for second vegetative flushing (49.92 days).

4.4.22.4 Effect of interactions

The interaction effect of propagation methods and modified environments

was significant [Tabte 20(f)] for number of days taken between grafting and

second vegetative flush. The least number of days for second vegetative flushing

(43.84 days) was recorded in PiMt (epicotyl grafting under fen and pad system),

foDowed by P2M1 (softwood grafting under fen and pad system) (45.02 days).

^  More number of days for second ve^tative flushing (46.31 days) were recorded
•  in P2M3 (softwood grafting + natural sliade).

It is evident from the data that the interaction between propagation

mefliods and varieties of scion was significant [Table 21(Q] with respect to foe

number of days taken between grafting and second vegetative flush. The earliness

in second vegetative flushing (41.42 days) was observed in epicot>d grafts of

Kotookonam Varikka (P1V3) followed by P2V3 (43.42 days). The largest number

of days for second vegetative flushing (50.11 days) was noted in softwood grafts

ofNeelum (P2V2).

The data presented in table 22(g) indicated that there was si^iificant

•  diflfcrence due to interaction between modified environments and varieties of
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scion on number of days taken between grafting and second vegetative flush. Tbe

least number of days for second vegetative flushing (41.77 days) were noted in

MiVi (Fan and pad systenri- Kalapady) which was on par with M]V3 (41.87 days)

and M2V1 (42.00 days). The largest number of days for second vegetative flushing

(50.80 days) were recorded in M3V2 (Natural shade + Neehim).

Interaction effect of diflerent propagation methods, modified

environments and varieties of scion was significant [Table 23(g)] witli respect to

number of days taken between grafting and second vegetative flush. The least

number of days for second vegetative flushing (40.87 days) was recorded in

P1M1V3 (epicot>i grafts of KotookonamVarikka under fen and pad system), which

was on par with P1M2V3 (41.50 dajs). Whereas the largest number of days for

second vegetative flushing (50.47 days) was recorded in P2M3V) (epicotyi grafts

of Kalapady under natural shade).
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Table No. 23(g). Interaction effect of different propagation methods,

modified environments and varieties of scion on vegetative and growth

character of mango grafts

0

Ibeatments Number of days
taken between

grafting and
first vegetative

flush

(days)

Number of days
taken between

grafting and
second vegetative

flush

(days)

Survival

percentage of
grafts

(%)

PjMiVi 24.73 44.20 60.00

PiM,V2 28.80 49.00 68.89

P1M1V3 22.80 40.87 77.78

PiMsV, 22.93 50.20 52.22

P1M2V2 29.87 45.13 64.44

P1M2V3 25.27 41.50 71.11

P1M3V1 23.40 51.13 54.43

P1M3V2 30.60 44.87 66.67

P1M3V3 26.20 42.93 71.11

P2M1V1 24.13 50.13 44.44

P2M,V2 31.27 43.80 53.33

P2MIV3 28.53 41.67 61.11

P2M2V, 24.00 48.60 48.89

P2M2V2 30.80 42.07 54.44

P2M2V3 26.67 41.87 63.55

P2M3V1 25.13 50.47 46.67

P2M3V2 32.40 45.60 58.90

P2M3V3 28.67 41.73 58.89

SE m(±) N.S 0.23 N.S

CD (0.05) N.S 0.65 N.S

%
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4.4.23 Sui-vival percentage of grafts

The data regsrdingsurvival percentage of grafts 180 DAG as influenced by

difibrent propagation methods and modified environments on diflferent varieties of

scion is furnished befow.

4.4.23.1 Effect of propagation methods

The methods of propagation showed significant efect on survival

percentage of grafts 180 DAG [Table 17(^]. The percentage of survival was

hi^r (65.19 %) in epicotyl grafting conpared to softwood grafting (54.47 %).

4.4.23.2 Effect of modified cnvironnKnts

Tlie data presented in table 18(g) sliowcd that there was significant eflfcct

of environmental conditions on survival percentage of grafts 180 DAG. The

hi^st percentage of survival percentage of grafts (67.26 %) was observed under

fen and pad system, followed by humid chamber (61.11 %). Whereas the least

survival percentage of grafts (51.11 %) was noticed under natural shade (75 %

shade).

4.4.23.3 Effect of varieties of scion

Tlie varieties of scion did not have ary significant efiect on siffvival

percentage of grafts 180 DAG [Table 19($].

4.4.23.4 Effect of interactions

The interaction effect between propagation methods aixi nwdified

environments was significant [Table 20(f)] with respect to survival percentage

180 DAG. The hi^est survival percentage (68.89 %) was recorded in Pi Mi

(epicotyl grafting under fen and pad system) followed by P1M2 (64.07 %). The

lowest survival percentage of grafts (52.96 %) was recoided in the treatment

combination P2M3 (softwood grafting + natural shade).

It is evident fiom the data that the interaction between propagation

methods and varieties of scion was non-signilfoant [Table 21(5] with respect to

survival percentage of mango grafls 180 DAG.

,4?
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The data presented in table 22(g) indicated that there was no significant

«  diflfe"ence due to interaction between modified environments and varieties of

scion on survival percentage ofraango grafts 180 DAG.

Interaction eflfect of dififerent propagation methods, modified

Mwironments and varieties of scion was also non-significant [Table 23(^] with

respect to survival percentage of grafts 180 DAG.

0

0
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5. DISCUSSION

The results obtained fix>m the investigatbns on "Evaluation of

propagation techniques and rootstock studies of mango (Mangifera indica L.)" are

discussed and furnished bebw under various sub-headings.

5.1: Screening oflocal mango varieties/collections for polyembryony

5.1.1 Germination characters of mango genotypes

TTie germination behaviour of twenty mango genotypes were anab^ed aixl

the probable causes for variation in germination characters are discussed betow.

Among the twenty varieties, the hi^iest germinatbn percentage was

recorded in Kappa Manga, vriiile the least germination percentage was noted in

Kotookonam Varikka (Fig. 1). The germination capacity of mango genotype

appears to be related to its stone size. Larger the seeds, more efficient will be

germination than the smaller ones. The Kappa Manga had more stone weiglit than

others. Hence the Kappa Manga recorded the hi^iest percentage of germination.

In Kotookonam Varikka \^hich is polyembryonic in nature, all the cotyledons

within a seed difoed in wei^t and size. The results are in confirmity with

Barbosa et al (2009) and Kumar et ai (2018) in mango.

It is evident from Fig. 2 that, among seventeen polyembryonic varieties,

the number of seedlings/stone ranged from 1.67 (Pandi Manga) to 5.00

(Kotookonam Varikka). The phenomenon of pobenibryony was of genetic nature

and the frequency varied accordii^ to varieties. The intensity of occurrence of

multple seedlings is directly proportional to the number of embryos (Aron et al.y

1998). From the present study, it is clearly evident that the difierent categ)ries

(such as one, two, three, four and frve plantlets per stone) varied significantly

between cultivars. Sturrock (1968) and Khobragade et al. (2000) are also reported

the variations in different poyembryonic mango varieties. The probable reason of

variations in sprouts of pob'enforyonic varieties is the foilure of few embryos to

germination due to the temporary aberrations of embryos, wliich might be

mediated throu^ various extraneous fectors (Barbosa et aly 2009).
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The extent of polyembryony was significant among tlie different mango

varieties under study. The var. Kotookonam Varikka recorded the hi^st

percentage of po^mbryony whereas, the least was in Pandi Manga (Fig.3) The

aberrant results obtained for percentage polyembryony in mango genotypes mi^

be attributed to their genotypes and genotype-environment interactions (Kumar,

2015). The results are in confirmily with Rao and Reddy (2005b) and Sane et al,

(2015) in mango.

The least mean germination time was noticed in VeHari Varikka, whereas

the hi^st mean gennination time was recorded in Kotookonam Varikka. The

germination capacity of mango geix)types appears to be related to its stone size.

Larger the seeds, more efficient wiD be gennination and fester will be tlic radicle

emergence than the smaller ones. This mi^t be the probable cause of earliness in

gemiinatbn of var. VeDari Varikka. The results are in confirmity with the studies

conducted by Kumar et al. (2018) in mango. The delay in seed germination of var.

Kotookonam Varikka mi^ be due to the presence of hard seed coat as well as

the conpetition among the seedlings. Similar results were also reported by

Khobragde et al. (2000) in mango.

The variety Kappa Manga recorded the hi^est germination index,

whereas the bwest germination index was in Kotookonam Varikka. This

significant variation among the genotypes with respect to germination index mi^

be due to the diferential germination per cent recorded by different genotypes

(Abirami et al., 2011 a).

With respect to vigour index-I on growfli basis, h^iest vigour index- I

was recorded in Kappa Manga and the least was in Kochu Kilichunda:i. The

greatest vigour index in Kappa manga migjit be due to the vigorous seedling

growth as vigour index-I is the product of germination percentage and seedling

length. Besides, being a monoembryonic variety, presence of more endospemi

tissue as well as hi^r stone wei^ mi^ be a probable cause for more seedling

growth conpared to other genotypes. The similar results were also reported by

Rao and Reddy (2005b). The sbw growth rate of seedling in var. Kotookonam

Varikka resulted in bw seedling vigour index. In general, the probable reason for
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and low growth potential of different genotypes might be due to their genetic

{  constitution (Abiranri e/a/., 201 la).
5.1.2 Molecular charactcrizatioii of zygotic and nucellar seedlings

In polyembryonic mango varieties, there is one zygotic enJ)ryo (sexuah

and several nucellar embryos which liave tlie entire genetic constitution similar to

that of mother tree (Sauco et al^ 2001). From the maternal nucellar tBsue, the

adventitious embryos are directly initiated, which surround the eni)iyo sac

containing a devefoping zygotic embryo (Aleza et al, 2010). Hence, the

identification of the ^gotk embryo lias great significance in mango. Furthermore,

the nucellar embryos can be used to propa^te disease free cfonal rootstocks

(Santos et aL, 2010). It is commonly believed that the most vigorous plantlets

wdiich arise from a polyembryonic seed are nucellar ones. Siivastava et ai (1988)

ascribed that in polyembryonic mango seeds, the zygotic seedling mi^ be flie

weakest and in lower proportion among the plantlet population on account of

si^pression of ̂ gotic embryo with nucellar tissue or ft perhaps de^nerat^ due

to the competition with nucellar plantlets.

There are mai^ contradictoiy reports with respect to the idraitification of

zygotic seedlings from polyembryonic mango genotypes. Cordeiro et aL (2006)

revealed tliat tlie zygotic plantlet was most vigorous and later confirmed this with

RAPD maricer. In accordance with this result, Rocha et ai (2014) reported that the

^/gotic seedling need not be always weak, The zygotic plantlet will be vigorous in

certam cases and grow healthy abng with the vegetative (nucellar) plantlets. So

that the visual identification of seedlings are not an efficient way and is inevitable

to identify the ^gotic plantlet at an early growth stage from the nucellar

populatba

Usually in classical progeny testing, conparison has been made between

the mother plant and its oflfepring or evaluates the heterogeneity within progeny.

Recently, various molecular maricers have been adopted in many fruit crops for

distinguishing tlie zygotic and nucellar seedlings (Rodriguez et ai, 2004; Rao et

ai, 2008). Amongst various marker systems, the sinple sequence repeats (SSRs)

are very quick and more reliable to discriminate the zygotic and nucellar plantlets

X
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from both selfing and interspecific crosses (Ruiz et ai, 2000). Hence in the

J  present study, an attempt has been made to analyse the multiple seedlings by a
more robust microsatellite marker.

The pob^embryonic mango varietjes 'Kotookonam Varikka' and 'Kochu

Kilichindan were selected for tlie anab^is because of the occurrence of more

difcent categories of seedlings ranging from one to five. The microsatellite

analysis was done to compare the genomic DNA of nwther tree with its offepring

and SSR primers were evaluated for their abilily to discriminate between i^gotic
and nuceHar seedlings.

It is evident from tlie present study that all the seedlings obtained fiem the

respective stones had SSR profile identical to the mother plant. The identfoal

banding pattern between multiple seedlings and mother plant indicated the

nuceHar origin of seedlings having the similar gsnetic conposition (DhiDon et al,

1993). Generalb', the oaring from pofyembryonic varieties, especially the

nucellar ones are expected to be true to type and genetically identical to the

motlier plant (Shareefii et al. 2009). Any deviation from the banding pattern of

mother plant, either presence or absence of any band could assure the zygotic
or^ of plantlet

Most pob^nforyonic mango varieties occasbnally produce

morphologicany off-type plants that presunptiveb' are ^gotic in origin (SchneD

and Kni^t, 1992). From the present study, it can be presumed tliat the zygotic

seedling has ceased growth and degenerated at veiy early stage of growth. Hence

the identical SSR profiles of seedling arxl mother plants ensure tiie nuceUar

origin of the seedhn^. The result of tiie present investigation confirms that at)

vigorous seedlings of the local pobflcmbryonic mango varieties, Kotookonam

Varikka and Kohcu Kilichundan can be used for clonal propagation to emure

homogeneity in orchards.

It could be presumed that among the seedhngs the vigorous ones were of

nuceUar origin and the zygotic plantlet was weak and died off The nucellar ones

could produce more uniform rootstocks and they could be used to generate

honxig^neous gafted plants. The research worics on genetic and morphologcal
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evaluation to cliaractenze the nucellar and zygotic seedlings in polyembiyonic
4  mango varieties are meagre. More extensive worics including other po^enibryonic

mango varieties/collections should be carried out to confirm the present results.

Hence more evaluations are needed under difierertf climatic conditions and wfth

different varieties in order to prove this sippositbn beyond doubt.

5.2: Effect of pre-soiring treatments, sowing position and age of stones after

extraction from the fruit on germination of mango stones

5.2.1 Effect of sowing positions

Tlie results obtained fî om tlie present investigation revealed fliat stalk end

vp position of sowing significantly gave most promising results with respect to all

the parameters under study. The stones wliich were sown in stalk end position
took the least nmher of days for initiation of germination (Fig. 4) and 50 per cent

germination, exhibited hi^er percentage of germination (Fig. 5), germination

rate, seedling length, seedling dry wei^ vigour index -1 on growth basis (Fig. 6)

and vigour index —II on wei^ basis (Fig. 7) conpared to fiat method of sowing.
Sowing of seeds at proper depth and position is one of the most important

nursery operations as it affixts both germination and subsecjuenl growtli of

seedling^. To ensure good gemiination and rapid seedling eniergeiKc, seeds must

be placed in a position and better environment that ensures the availability of

nutrients and water fiom the soil (Gamer and Chaudhri, 1976).

^  Germinatioii commences wifii the uptake of water by dry seed (imbibition)
and is conplcted when embryonic shoot and root, i.e., pkmiulc and radicle,

respectively, emerged. The amount of energy required to acconplish this task

varies according to genotype and seed orientation on seed bed because of the

quantity of stored nutrients, especially endosperm and positioning of micropyle,
respectively (Hammed et al.^ 2014). Naturalb^, the radicle has a positn^

geotropism whereas the shoot of the germinating seed has a negative geotropism.
Sipporting the upcoming response of the seedling to the stimulus (gravity) is

highfy correlated with the orientation of micropjfe. The downward root curvature

I  tpped towards the center of gravity is aibcted by various biochemica] and
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environmental fectois and is considered as a vital characteristic for plant survival

(He and South, 2006). The t^ of the root bends downward if the seeds oriented

vertically upward with respect to microp>de. The roots of seed sown by micropyle

in verticaliy upright positbn need to curve over the seed itself in order to grow in

downward (normal) direction (Coutts, 1989).

Mango stones with stalk-end up position of sowing places the micropyle in

the most suitable position, Le., pointing downward, the roots of the seed grew

easily and directly downward (does not require bending), which requires tess

energy for germination and radicle emerge from the embryo. Finthennore, staBc-

end focing up (plumule up) position miglit heigliten tlie accessibility to required

oxygen for the initial metabolic process that produces energy for the emergence of

radicle (Bewley, 1997). Hence the highest percentage of gennination and earliness

in germination is observed in stones sown by positioning the micropyle downward

(Stalk end iqi). The stalk end up position of sowing enhance the production of

more strai^t tap root system which iacilitates less time and energy for

germmatbn, leading to the earliness in gennination of mango stones tlian the flat

position method of sowing The results are in confimiity with Vijaya and

Satyanarayana (2004).

In general, being positively geotropic and hydrotropic, the plant roots

grow downward. Nutrient expbration from the soil pool and building up of the

frame woric for anchorage are also the advantages of properly growing roots. The

mbropyle positbning while sowing has direct inplbatbns on seedlbg quality as

it determines the uniformity, speed as well as rate of germinatbn. The seedlings

whose roots grow properly without any curvature will establish well for its

fiinctbn and growtli, which can ultimately inprove the performance. The non-

uniform germinatbn pattern and curving roots at early growth stages have

negative impact on seedling performance (Zewdb and Welka, 2015). Hence, stalk

end up method (Mbropyle pointing downward) resulted in the hi^t seedling

length and diy wei^ whbh ultimately resulted in better seedling vigour indbes,

both on growth and weiglit basis than the flat method of sowing
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Hie inproper orientation of seeds could inpoverish the emerging embryo

for needed quantum of oxygen which could lead to the synthesis of higl^r amount

of ethanol and pyruvate in the plant system and finally leads to the death of the

emerging embryo. This be the probable reason for reduced gemiination and

poor quantitative plant vigour in seeds sown in flat method (Bewley, 1997).

5.2.2 Effect of age of stones after extraction from fruit

There was a significant inpact of age of stones after extraction fiom fiuit

on an the germination characteristics under study. The least number of days for

initiation of gemiination (Fig. 4) and 50 per cent germination, the higjiest

germination percentage (Fig. 5), hi^iest rate of germination, seedling lengtlr,

seedling dry wei^ vigour index -1 on growth basis (Fig. 6) and vigour index -II

on wei^ basis (Fig. 7) were tlie best for the fi-eshly harvested stones as conpared

to stones sown 10 days and 20 days after extraction fiom fioit.

The germination ability of a seed was directly related to its noisturc

content as well as the rate at which seeds fose its moisture thereby afibcting the

viability (Patil and Krishna, 2016). The reduction in viability and vigour were

proportional to increased leaching of metabolites fiom seeds aixi decreased

dehydrogenated activity of seeds. The leaching of metabolites increases with

decreased seed moisture content during storage. Hence fi-esh stones required the

least number of days for germination, the hi^est percentage of germination and

germination rate. The freshly extracted seeds had considerable amount of post

imbibition hydrolysis of non-reducing sugars and DNA-P pNA polymerase)

which resulting in initiation of protein synthesis, little or none couW be observed

as age advances (Cliandra, 1980). The higlier expression of DNA-P in imbibed

seeds enhancing tlie protection against ON A damage and albws successfiJ

germination of seeds (Sihi et al., 2015). These results are also in confirmity wfth

Lima et al (1985) in papaya, Warrier et al (2009) in jack fiant and Chaudhari and

Patel (2012) in mango.

It is evident from the data (Table 5) that seedling length, dry wei^ and

seedling vigour indices (growth and weight basis) were hi^er in mango stones

\^h were sown freshly after extraction fixxm fiiiit. More seedling growth
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resulting fiera fieshfy harvested seeds is not onfy due to early germination but

J  also hi^ily conducive to hasten the physiofogical process which was needed for

accelerating seedling growth. Germination became progressively stower as the

age advanced. In case of stored seeds, the sfow rate of physblogical process,

metabolic breakdown and increase in leaching of metabolites with decreased seed

moisture content resulted in poor seedling growth (Ghosh and Sen, 1988). The

results are in confirmity with Patil and Krishna (2016) in Calamus spp. and

Kumar et at. (2018) in jamua

5.2.3 Effect of pre sowing treatments

The results obtained from the current trial revealed that there was a

significant impact of pre sowing treatments on aH the gennination parameters

under study. The earliness in germinatbn (Fig. 4) and the least number of days for

50 per cent germinatbn was recorded in mango stones treated with 200 ppm GA3

for 24 hours. The enzymatb reactions mvolved b the germinatbn process myht

be afected and altered by appKcatbn of GA3. Early stone germinatbn in GA3

treatmertt mi^ be due to the increased concentratbn of endogetious auxin

content due to the GA3 appKcatba The increased level of auxm and enhanced

en2ymatic activities afong with the repressbn of inhibitors mi^ be the probable

reasons for fester gemiination (Dablii, 2000). GA3 might have also triggered tlie

starch hydrolysis and their transbcatbn to tlie growing seedKngs thereby inducing

early ^rminatbn (Rajmanbkam et al, 2004). Similar results were reported by

Arganaw et al. (2013) m papaya.

Tlie ston^ pre-treated wfth 200 ppm GA3 recorded the high^ percentage

of germinatbn (Fig. 5). This mi^ be due to the presence of GA3 inside the seed

whbh stimulates the inibibitbn process on subsequent seed germinatba Pre-

soaking treatment of GA3 might have afected directly and altered varbus

enzymatb reactbns, synthesis of proteins and conversbn of starch into sugars

involved in the process of germinatbn (Paleg, 1960). On the other hand, GA3 also

induces the denovo synthesis of proteo^lb enzymes like ribonuclease and a-

An^se. The en^rae anises successively hydrolyse the starch in endosperm
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thereby providing essential sugars for growth initiation processes and also Kberate

%  chemical energy which is utilized for RNA synthesis, activation of embryo as well
as the si5)pression of inhibition which in turn resulted in hi^r gemiination

(Copeland and Mcdonald, 1995). GA3 treatment also have an ability to overrule

the thermo-dormancy, photo dormancy, dormancy inposed by inconplete

devetopment of enforyo, presence of various germination inhibitors as well as

mechanical barriers (Diaz and Martin, 1971). Similar results were reported by

Shaban (2010a) in mango, Al-Hawe;^' (2013) in foquat and Lay et al, (2013) in

papaya. GA3 directly acts on erribryo, alleviating them from dormancy throu^

synthesis of protein, efongation of coleoptiles and also helps in ethylene

productioa This ethylene bring aboxJt the syntliesis of ainylase, which fevours the

process of seed germination (Stewart and Freebaim, 1969). The diference in

germination rate by varbus pre- soaking treatments (Fig. 10) might be due to the

diflferential capability of these chemicals to reduce the time taken for initiation of

germination as well as to remove the hindrance in embryo growth (MuraBdhara et

a/., 2015).

Among various treatments, the hi^est seedling length was recorded in

100 ppm GA3 folfowed by I ppm KNO3. The pre-soaking treatment of GA3 would

have increased the osmotic uptake of nutrients causing cell division,

multiplication and cell efongation (intemodal efongation) thus stimulating the

vegetative growth resulting in the higliest seedling growth (Shanmugavelu, 1966).

•  These results are in agreement with results obtained by Shalini et al. (1999) and

Kumar et al. (2008) in mango, Harshavardhan and Rajasekhar (2012) in jackfioit

and Vasantha et al. (2014) in tamarind. The increased length of seedling was a

result of increased photosynthetic activity, enhanced mobilization of

photosynthates and change in the permeability of membrane (Shukla et al.^ 1997).

In general, the regulation of g'owth by ̂ bberellins and potassium nitrate relates

virtually to its stem efongation properties, especialfy due to the enhancement of

metabolites responsible for cell divisfon and enlargement of eel These chemicals

act exclusive^ on stem efongation by loosening the ceB wall, focreasing the

%  concentration of solutes by increasing the extensibility of cell waD, stimulating
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#

cell wall synthesis, reducing the cell waD rigdity and by increasing cell division

leading to more eflScient growth. Hie indirect efifect caused by these chemicals on

stem ebngation is by increasing the lAA synthesis that leads to more vegetative

growth (Leopold and ICrieddemann, 1983).

Among the treatments, the hi^iest seedling dry wei^ was recorded in

100 ppm GA3 follow»j by 1 ppm KNO3. This result was mainly attributed to

enlianced germination, early emergence of seedling as well as better seedling

growth. Increase in dry wei^ of seedlings by GA3 application mi^it be due to

the in^iroved mobilization of the nutrients, wWch promotes the plant growth and

devebpment in better way. The GA3 treatment mi^ have resulted into hi^ier

productbn of photosynthates and their transbcatbn throu^ phloem tissue to the

root zone migjit have led to increase in the productbn of lateral roots thereby

increasing the root fen^ (VacWiani et al., 2014). The exo^nous applicatbn of

GA3 also triggered the activity of ̂ uconeogenic enzyme during the earfy stages

of seed gcrmmatbn and this could be a probabb reason for inproved vigour

characteristics which directfy reflected on more productbn of lateral roots as weD

as increased root tengtii, tliereby inproved tlie shoot growth (Vasantha et al.,

2014). This m^ have resulted in increased total dry wei^ of tlie seedling The

cumulative effect of better root and shoot growth as well as more production of

lateral roots have led to overall assimOatbn arxl redistributbn of photosynthates

within the plant system, tlKreby promoting the better growth and devebpment

^  (Brian and Hemming 1955). The identical results were obtained by Ameen and
Imam (2007) in pistachb nut, Anjanaw et al, (2013) in sapota, Brijwal and

Kumar (2013) in guava, Kumawat et aL (2014) in papaya, Gurung et al. (2014) in

passbn fruit and Vasantha et al. (2014) in tamarind.

Significantly the hi^iest vigour index- 1 (growth basis) and vigour index-

n (weight basis) was recorded in mango stones pre-treated with 200 ppm GA3

(Fig6 and Fig 7, respectively). The better results with respect to vigour iixlices

mi^ be due to the cumulative effect of higher germinatbn percentage, shoot

tength, root length and seedling dry wei^ under GA3 treatment (Abdul- Baki and

Anderson, 1973). Similar results were put forth by Patil et al (2012) in citrus.
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5.2.4 Effect of interaction

5  The interaction effect of sowing positions and age of stones after
extraction fiom the friiit was significant for the days taken for initiation of

germination [Table 8(a)], days taken for 50 per cent germination [Table 8(a)],

germination percentage [Table 8(a)], rate of germination [Table 8(a)], seedling

length [Table 8(b)], dry weight of seedling [Table 8(b)], vigour index-I [Table

8(b)] and vigour index- n [Table 8(b)].The cumulative effect of viable and

physiotogically more active fieshly harvested stoi^ sown in micropjie pointing

downward (stalk end up) position resulted in better results. Germination became

progressively slower as the age advanced. The micropyle positioning whfle

sowing has direct inplications on seedling quality as it determines the uniformify,

speed as well as rate of germination (Gamer and Chaudhri, 1976). Hence the

combined eflect of sowing position and age of stones after extraction from fruit

resulted in better results.

The interaction effect between sowing positions and pre sowing treatments

was significant for days taken for initiation of germination [Table 9(a)], days

taken for 50 per cent germination [Table 9(a)], rate of germination [Table 9(a)],

seedling length [Table 9(b)], dry wei^ of seedling [Table 9(b)], vigour iixlex-I

[Table 9(b)] and vigour index- II [Table 9(b)]. This miglit be due to the combined

effect of sowing positbn and pre sowing treatments. The GA3 treated mango

stones sown in micropyle pointing downward (stalk end iq)) position resulted in

better germination as well as seedling vigour. The micropjie positioning while

sowing has direct implicatbns on seedling quality. The exogenous applicatbn of

GA3 has positive inpact on inductbn of endogenous auxin content, denovo

synthesis of proteolytb en2ymes like ribonuclease and a-An^se, conversbn of

starch to sugars involved in the germinatbn process, protein synthesis and thus

overrule the dormancy. Thus the cumulative e^t of sowing positbns and pre-

sowing treatments resulted in si^erior results over other treatment combinatbns.

The interactbn effect between age of stones after extractbn from the fiuit

and pre sowing treatments was significant for days taken for initiation of

germinatbn [Table 10(a)], rate of germination [Table 10(a)], seedling length
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9

[Table 10(b)] and dry weight [Table 10(b)]. The cumulative efect of viable stones

(freshly harvested stones) pre- treated with GA3 recorded the promising results.

The interaction between sowing positions, age of stones after extraction

from the finit and pre sowing treatments was significant for days taken for

initiation of germination [Table 11(a)], rate of germination [Table 11(a)], seedling

length [Table 11 (b)] and dry weight of seedling [Table 11(b)]. The coi5)led efet

of freshly harvested stones, which were pre-treated with GA3 and sown in

micropjde pointing downward resulted in better germination and further growth of

seedlings.

$3 Screening of mango varieties for use as d\>arfiDg rootstock

The results obtained from the present investi^tion regarding the screening of

marigo varieties for use as dwarfing rootstock are discussed bebw.

5.3.1 Germination characters

Among the ten genotypes, KLappa Manga recorded the hi^iest gsrminatbn

percentage (71.11 %) aixi the bast in Kotookonam Varikka (42.22 %). The

germinatbn capacity of mango genotype appears to be related to its stone size.

Larger the seeds, more efficient and foster will be gemiination tlian the smaller

ones. In Kotookonam Varikka \\hich is polyembryonic in nature, all the

cotyledons within a seed difered in wei^ and size. The Kappa Manga had more

stone wei^ than others. Hence, the Kappa Manga recorded hi^st percentage of

germinatba The results are in confinnily with Barbosa et al (2009) and Kumar

et al (2018) in mango.

The bast seedling length was noted in Kochu Kilbhundan and

significantly the hi^iest seedling bngth was recorded in Kappa Manga. It is

evident from the data (Tabb 12) that seedling bngth has direct relation with the

plant vigour. Abirami et al (2011b) conducted an experiment to study the

relationship between vegetative and physbfogjcal parameters of seedlings with

vigour in some monoenforyonb and polyembryonb mango genotypes. Among the

polyembryonb genotypes, the hi^)est seedling bngth was recorded in the

vigprous rootstock Nekkare folbwed by Bappakai and the bwest bpgth was
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obtained from Kensingtoa The vigorous monoeni>ryonic cultivar Bombay Green

reported hi^est seedling length whereas Chausa reported the fewest vahie. The

results obtained from the present study can be explained by the above results.

The analysis of the seedling dry wei^ revealed that the least dry wei^

was noted in Unda Varikka, while the hi^iest was recorded in Vellari Varikka.

The dry matter content had positive correlation with plant height (Sin^ et al.y

1986). The similar trend was also reported by Abirami et ai (2011b) in mango.

The W^st dry weight of seedling was obtained from vigorous polyembryonic

raai^ rootstock Nekkare, followed by Bappakai Anx)ng the various

monoembryonic rootstocks, the highest dry weight was obtained from vigorous

cv. Bombay Green followed by Pusa Arunhna. The difference in dry weigiit mi^

be attributed to the genetic characters.

The hi^iest vigour index-1 (growth basis) was recorded in var. Kappa

Manga and the least was in Kochu KiBchundan (Table 12). Vigour index-1 is a

product of gennination percentage and seedling length. Hence, the highest vigour

index on growth basis mi^it be due to hi^iest germination percentage as weD as

the vigorous vegetative growth of var. Kappa Manga. The results are in agreement

with the findings of Abirami et al. (201 lb) in mango.

The h^iest seedling vigour index-II (wei^ basis) was recorded in var.

Kappa Manga and tlie least was in Unda Varikka (Table 12). Vigour index-II is a

product of germination percentage and dry wei^. The dry matter content had

positive correlation with the plant hei^ (Singh et ai, 1986). Hence the hi^iest

vigour index on wei^ basis might be due to hi^iest germination percentage as

well as more seedling dry weight of var. Kappa Manga. The results are in

agreement with the results of work by Abirami et al. (201 lb) in marigo.

5.3.2 Vegetative and growth characters

It is evident fiom Fig. 8 that the var. Kochu Kilichundan recorded the least

plant hei^ followed by Unda Varikka, whereas vigorous variety Kappa Manga

recorded the hi^iest plant height. It is evident from the result that plant hei^ has

direct relation with plant vigour. Majumdar et al. (1972) reported that the

vigorous rootstocks Goa, Kurukkan and Chausa resulted in the highest stem
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growtii whereas less vigprous cultivars Bombay Green and Totapuri Red Small

®  recorded the least stem growth rate in mango. Similar results were put forth by
Murti and Upreti (2003)» Shenoy (2016), and Deepak et al. (2017) in mango.

It can be inferred from [Table 13(a)] that the variety Paiveli Local

produced the least number of leaves (18.27), foDowed by Kochu KiBchundan

(20.27) and Unda Varikka (23.20) six month after germination. Kappa Manga

produced significantly higher number of leaves (34.60). Murti and Upreti (2003)

found a positive correlation between number of leaves and plant hei^ at nursery

stage in mango. The hi^est number of leaves were found in vigorous cultivars

f  Bappakai, Muvandan, Olour and Mjdepelian whereas least number of leaves were

observed inless vigorous cultivars Chandrakaran, Kurukkan, VeHaikolanfoarL The

variations in vegetative behaviour of rootstocks mi^t be attributed to vigorous

growth, genetic fiictors and leaf producing capacity which enhance sun shine

harvest in a better way by plants, in turn produce more number of leaves. The

result obtained fiom the present investigation confirms the earlier firxiirigs of

Murti and Upreti (2003), Srivastav et ai (2009), Shenoy (2016) and Deepak et al.

(2017) in mango.

The leaves with the fewest leaf length (9.80 cm) and width (3.23 ran) were

noticed in Kochu Kilichundan, wliereas the vigorous var. Kappa Manga recorded

the leaves with the hi^st leaf length as well as width Similar trends in results

were also reported by Shenoy (2016) in diferent mango varieties and revealed

that the plant hei^t is highly correlated with leaf lengtli and width Deepak et aL

(2017) evaluated the vegetative growth performance of three diflferent

potyembryonic rootstocks viz., Nekkare, Olour and Vellaikolanfoan at nursery

stage. The hi^iest leaf length and width were recorded in mango rootstock Olour.

Tlxj least length and width of leaves were noted in cv. Vellaikolamban and

revealed that foe hi^iest leaf length and width was associated with plant v^ur.

The difference in vegetative growth of seedling mi^ be due to stone characters

as well as quicker germination.
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Hie least average leaf area and total leaf area were noted in var. Kochu

%  KiKchundan, Kappa Manga recorded the hi^x^t values [Table 13(b)].
Kurian and Iyer (1997) conducted an experiment for the identification of

morphofogical traits related to vigour management in mango and revealed that

lower leaf area was a good indicator for inparting dwarfiiess. Murti and Upreti
(2003) found a positive correlation between leaf area and plant vigour in mapgo.

Positive correlation between leaf area and plant vigour was also reported by
Agarwal (1986) in trifoliate orange; MuraMhara et al (2014); Shenoy (2016) and

Deepak et al. (2017) in mango.

As shown in Fig 9 tlie least intcmodal length was recorded for Kochu

KiHchundan, whereas tlie hi^est intcmodal lengtli was observed in var. Kappa
Manga. Iyer and Subramanyam (1986) found a positive correlation between

intcmodal length and dwarfiiess. The less vigorous cv. Creeping showed the
shortest intemodal length (2cm) in mango. Plants with shorter intemodal length
had dwarf stature in papaya (Lim and Hawa, 2007). Similar results were put forth
by Srivastav et al (2009), Slienoy (2016) and Deepak et al (2017) in mango.

The var. Unda Varikka produced less nunfoer of roots with the least root

length while Kotookonam Varikka produced more number of roots and the var.

Vellan Varikka recorded the li^iest root len^h. Hie number of secondary roots

mi^t be used as a good indicator of dwarfiiess (Mukheijee and Das, 1976).

Shaban (2010b) reported a positive correlation between the root lengtli and plant
he^it in polyembryonic mango rootstocks. The positive correlation between

nunfoer of roots and root len^ with plant hei^ was also reported by Shenoy

(2016) in mango.

The var. Unda Varikka recorded the least dry matter of shoot as well as

root (Fig 30), whereas Vellari Varikka recorded the hi^iest shoot and root dry

matter. Singh et al. (1986) reported that dry matter content of shoot and root could

be used as a tool for the mango classification in relation with vigour and had a

positive correlation between them The results are in confirmity with Shenoy
(2016) in mango.
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533 Physiological and anatomical characters

The fewest stoinatal density was noted in Unda Varikka while the highest

was in Vellari Varikka. The maximum distribution of stomata was found in

vigorous rootstocks than tlic dwarf ones (Eckerson, 1908). Chakladar (1967)

adopted the stomatal density technique for the first time in mango for assessment

of vigour at nursCTy stage and reported that this parameter mi^ be a useful tool

for easy forecasting of growth potentials at early stage. It has been evident fi-om

the research by Patliak et ai (1977) tliat the photosynthesis and stomatal density

are mutually dependant and may increase the photosyntbetic efficiency resulting

in itwre accumulation of photosyntliates wliich mi^t be the probable reason for

hi^er plant vigour in plum rootstock. The similar results were reported by Marie

(2001) in mango. Pandit et ai (2004) in apple and Shenoy (2016) in mango.

It is evident fi-om [Table 14(a)] that tlie var. Kasthuri recorded the hi^st

starch content, \^ereas the vigorous var. Kappa Manga recorded the least starch

content in leaves. According to Beakbane and Thonpson, (1939), since the

dwarfing rootstocks had highest bark percentage and h^ proportion of wood ray

than the vigorous ones, tlicy possess a larger volume of cells that were capable of

storing caihobydrates relative to their size. Mendel and Cohen (1967) reported a

negative correlatfen between starch content and tree vigour in citrus. Reduced ceD

growth and metabolism are the general characteristics of dwarfing rootstocks

before any visible changes are apparent in either scion or rootstock. Usualfe' l^id,

amino acid and cell wall biosynthesis are found to be down regulated, while

degradation pathways of these mentioned compounds are up regulated. In

dwarfing rootstocks, cellulose and lignin biosynthesis pathways are hi^y down

regulated, accordant with reduced cell wall synthesis. The imbalanced allocation

of carbon hi^ily influences the growth and devefepment, generally the starch

reserves of roots are fomxl to be catabolized when glycolysis pathway or carbon

for metabolic pathways are limiting Foster et ai (2017) reported nx)re

accumulation of starch in stem and roots as well as reduced levels of glucose and

fiuctose was found fe apple dwarfing rootstock 'M9' relative to 'Royal Gafe*.
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Tlie less vigorous Kochu KiBchundan recorded the hi^iest phenol content

2  in both apical bud (Fig. 10) as well as leaves (Fig. 11) followed by Unda Varildca,

^^toeas, the vigorous variety Kappa Manga recorded the least values. Babu et al

(1985) found a negative correlation between total phenol content and vigour in

mango. Murti et al., (2000) reported that total phenols play a veiy significant role

in the vigour restriction of mango seedlings. The hi^st phenol content of leaves

were recorded fiom less vigorous polyembryonic cv. 'VeDaflcobmban' followed

by cv. 'Kurukan', whereas tlie vigorous cvs. 'Bappakai', 'Muvandan' and

'AjDhonso' had lowest phenol content. The similar results were reported by Marie

(2001), Murti and Upreti (2003), Srivastav et at. (2009), Abirami et al. (20nb)

^  and Shenoy (2016) in mango.

Some special phenolic compounds such as coumarin and pWoridzIn are

known to exert an inhibitory efect on cell division and cell elongation processes

(Swensson, 1971). Greater the bark thickness, auxin degradation by lAA-oxidase,

pcroxidase and the phemlic conpounds will be more. The reduction in auxin

sipply ultimate^ resulted in reduced production of cytokinin that alters the

normal growth of a plant The presence of thick bark has been assocbted with the

fow vigour in apple and also interfered with the phenolic compounds (Lockaixl

and Schneider, 1981; Weibel, 2008). The mono phenols have antagonistic efect

on lAA, meanwliile has a co-fector efiect on peroxidase enzyme. The interaction

between phenolic conpounds and bark tissue has a reducing efect on plant vigour
II

(Sulusoglu, 2014). This mi^ be the probable reason for negative correbtion

between phenolic content and plant vigour.

The less vigorous var. Kochu Kilichundan has significant^ the hi^iest

baik percentage of root (Fig. 12) and shoot (Fig. 13), whereas the vigorous var.

Kappa Manga recorded the least values. The bark percentage of root was cfosely

assocbted with dwarfiiess in mango (Muklieijee and Das, 1980). Negative

correbtion between plant heyu and bark percentage was reported by Saroj et al

(1997) in guava, Marie (2001), Abirami et al (2011b) arxl Shenoy (2016) in

#  mango.
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TTie greater baric thickness in dwarf trees arc mainly associated with hi^r

3  degradatbn of auxins by enzymes such as peroxidase, lAA-oxidase and the

phenolic compounds that are present in the baric. As a result of the reduction in

auxin siqjply, there is a reduced production of cytokinin by roots, vriiich alters the

nonnal growth pattern of tlie tree (Lockhard and Schneider, 1981). This mi^t be

the probable reason for decreased vigour of plant with respect to increased bark

percentage. These results are in confirmity Avith Jimenez and Priego (1987) in

avocado.

The membrane stabilily index [Table 14(a)], relative water content [Table

914(a)], transpiration rate [Table 14(b)] and leaf tenperature [Table 14(c)] were

non-significant for predicting the vigour of mango seedling? at nursery stage.

The fewest x>fem area of stem (1.93 mm^) was noted in ICochu

KiKchundan, followed by Unda Varikka (2.28 mm^). The fewest percentage of

jQtemin stem (27.09 %) was noted in Unda Varikka. The highest vali^ for stem

xjlem area was noted in Kappa Manga (6.07 mm^) and xylem percentage in

VeDari Varikka (54.46 %). The var. Unda Varika recorded the fewest root jQfem

area (1.34 mm^) as well as percentage (26.84 %). The var. Kotookonam Varikka

recorded the highest xylem area in root (10.86 ram^) and significantly the hi^st

xylem percentage was recorded in Kappa Manga (78.73 %). Goixalves et al

(2007) found a positive correlatfen between xjfem conduit and plant vigour in

^  sweet cherry tree.

Significantly hi^r phloem area of stem (3.62 mm^) was noted in Unda

Varikka, followed by Kochu Kilichundan (3.48 mm^). The var. Kochu

Kifichundan recorded the hi^st root phloera area (6.60 mm^). The fewest stem

phloem area was noted in Kappa Manga (1.52 mm^) and Kotookonam Varikka

recorded fewest phloem area in root (0.56 mm^). The highest percentage of

plifeem in stem (33.53 %) as well as root (36.22 %) was in Unda Varikka. The

fewest plifeem percentage of stem was noted in Kotookonam Varikka (21,22 %)

and that of root in Kappa Manga (9.79 %). The vigorous citrus rootstock
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rou^ lenion possessed bwer percentage of phtoem in stem conpared to less

vigorous rootstock, Ponicirn strifoliata (Saeed et al, 2010).

Significantly the highest phioenV xyiem ratio of stem (0.99) as well as root

(1.35) were noted in Unda Varikka. Tlie fowest phtoenV xylem ratio of stem was

noted in Vellari Varikka (0.39) and that of root was in Kappa Manga (0.13) (Fig.

14). According to Kurian and Iyer (1992) the higher primary phbem to xylem

ratio of young mango shoots were associated with tow vigour.

The lowest total conduit area of stem (4.38 mm^) was noted in TTiali

Manga whereas, the var. Unda Varika recorded tlic lowest root total conduit area

(6.38 rm?). The highest stem total conduit area was noted in Kappa Manga (7.59
mm?) while the var. Kotookonam Varikka recorded the hi^st total conduit area
of root (14.43 miT^) (Fig. 15). The vi^rous avocado cv. Fuerte and Hass had

hi^r total conduit area than dwarf Colin V-33 (Santamaria et al, 2002).

Plant height had a negative correlation with the number of vessel elements

in die x>tom, xylem area and percentage of stem and root. More vigorous

rootstocks tended to have fewer j^tom vessels as well as conparatively narrower

phloem both in stems and roots than less vigorous ones. Usually leaves are known

to entice and influence the development of vascular t^sues along die plant axk

via steady polar flow of auxins (Saeed e/a/., 2010).

Auxins control the cell enlargement rate by aflSxiting the cell wall

extensibility. The vessel density is positively correlated with auxins, which

decreases fi*om shoot to roots. Presence of relatively hi^er levels of auxin near

the young leaves induce formation of numerous xylem vessels and these remain

small because of their rapid differentiation rate. Lower concentration of auxins

towards the plant base resulted in slower cell di^rentiation and hence resulted in

fewer but larger vessels (Atoni, 1988).

The less vigorous rootstocks were characterised by smaller xylem vessel

elements in the stem and root It has been suggested diat tower auxin/ Hchnr

cytokinin fevours phtoem di^rentiation (Di^y and Wareing, 1966) whereas,

hi^ier auxin/ tower cytokinin fevours xytogenesis or xylem difierentiation
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♦

(Roberts, 1969). In invigorating rootstocks, transport of auxin is consistent with

hij^r ratios of jqdeni to phbem wlifle less vigorous rootstocks have hitter

phtoem to xylem ratios in stem as well as root

General^ the dwarfing rootstocks possess a hi^ bark: wood ratio and

parenchymatous xylem as well as phloem. Hence they contain more living tissues

per unit vohmie of stem as well as root than invigorating rootstocks (Beakbane,

1952). These parenchymatous tissues have a storage fimction and thus might be

ejected to have a hi^ rate of respiration and heavy demand for essential

nutrients. Hence tlie metabolic requirements of roots may vary according to the

rootstock. Therefore, in dwarf trees, the conpetition is liable to occur between

sftes at which carbohydrates are utilised, and the roots may utilise relative^

greater proportion of the total assimilates tlian in vigorous trees (Beakbane, 1956).

The results are in agreement with tlx>se of Hegazi et al. (2013) in oKve and

Rashedy et al. (2014) in mango.

5.4: Effect of propagation methods and modified environments on different

varieties of scion

5.4.1 Effect of propagation methods

From the results obtained, it was inferred that the efficacy of the epicotyl

grafting with respect to vegetative and gjowth characters was better than softwood

grafting The equal and optimal level of metabolic activities in stock and scion

have led to proper graft union and thus resulted in better success with respect to

epicotyl grafting (Upadhya el al., 2014). The hi^i relative humidity and moderate

tenperature determines the success of grafts (Litz, 1997). The better growth of

cambium botli in rootstock and scion under fevourable climate aided for the better

success as well as vegetative growth of grafts in stone grafting (Singh et al..

2014). The other possible reason mi^t be due to the fiminess with which the

scion stick is held with the stem of stock without ai^ interference fixDm the plant

tissue (Roy et al. 1999). The scion maturity is also one of crucial fectors vriiich

deckles the success of gifting in any fruit crop. Softwood scion recorded more

success in a very short period of time than hardwood scion (Baskaran et al.,

2008).
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TTie hi^iest rootstock girth, scbn girth, graft hei^ (Fig. 16) and spread

of ftie plant were observed in softwood grafts than epicotyl grafts. This might be

due to the feet that the grafting operation was done at a greater hei^ (around 14-

16 cm) conpared to epicotyl grafting (around 5-6 cm). The better combination of

stock and scbn with proper xylem and plifoem tissue devefopment from the callus

resulted in hi^r values. Tlie similar findings were also reported by Sivudu et al.

(2013) in mango.

The earliness in sprouting, early leaf opening, lesser number of days for

first vegetative fiush (Fig 22) and secoixl vegetative flush (Fig 23) in epicotyl

grafting might be due to early aixl better contact of cambial layers of rootstock

and scion, which in tum resulted in early callus (parenchymatous tissue)

formation as well as rapid graft union process in epicot>i grafting The rapid

callus formation aDows translocation of essential biochemical compounds

between rootstock and scion, which resulted in the earliest sprouting (Kuhval and

Tayde, 1989), Besides, the juvenile phase of young rootstock having the embryo

attached and lack of eflfect of apical dominance mi^ have contributed to it

(Gunjate, 1989). The results are in agreement with Ram and Sirohi (1989), Singh

et al. (2012) and Upadhya et al. (2014) in mangp.

Hi^er initial graft success (Fig 19) and graft establishn^snt percentage

(Fig 20) were recorded in epicotyl grafts. This mi^t be due to the conplete and

stronger union of epicotyl grafted before bud sprouting The rapid caDus

0  formation, greater wound periderm formation and accumulation of resinous

material in addition to hxid vasciftar continuity mi^ be a probable reason for

hi^ier initial graft success. Besides, the preservation of hi^er amount of food

materials in cotyledons as well as tlie actively growing stage of rootstock m^it

also be a reason for hi^ier initial graft success in epicotyl grafting (Sanpath et al,

2017).

The best results with respect to scion length, sprout length (Fig 17),

number of leaves, leaf length, leaf width, leaf area, number of nodes on scion, and

number of growth flushes/ graft (Fig 21) were in epicotyl grafts. This mi^ be

due to the optimum temperature and relative humidity that prevafled during the
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course of investigation, which resulted in early union of cambium layers of stock

and scion, early formation of callus and initiation of subsequent growth of grafts.

The significantly hi^er graft survival was observed in epicot>d grafting
(Fig, 24), The pnxiuction of new xyiem and phloem tissues permits the vascular

connection between stock and scba The space in the region of graft union
between stock and scion fevours good connection that subsequently would pass
water and nutrients throu^ the caDus towards tlie scbn for feeding it to stay

alive, resulting in better graft survival (Omima et al, 2012). Similar results were

reported by Brahmachari et a!. (1997) in mango, and Sin^i (2006) in jamun

and Hai"shavardhan (2011) in jackfioiit. The lesser survh'al percentage of grafts in
the case of softwood grafting mi^ be due to tlie weaker graft union, which mi^it

have got involved in the nutrient qitake and transfocatbn of food materials to tlie

scbn (Sivudu et ai, 2013).

5.4.2 Effect of modified environments

From tlie data analysed regarding the effect of modified environment, the

better growth and survival of mango grafts were observed under fen and pad

system The higji relative humidity in fiin and pad system promotes fow
transpiratbn rate, which keeps the guard cells turgid and the stomata become

open, thereby resulting in earlbr production and accumulatbn of caibohydrates

and proteins in a better way. Besbes, these have significant impact on the
compbtbn of other physbbgical processes involved in rapid callus formation

between tlie rootstock and scba This mi^il have resulted in early graft unbn
between stock and scbn, thus influencing the earliness in sprouting, opening of

leaves, first vegetative flush (Fig. 22) as well as second vegetative flush (Fig. 23).

Similar findings were also reported by Dhungana et al. (1989) in mango.

The modified rabro climate inside the fen and pad system enhanced more

hormonal activities in the terminal portion of grafts thereby encouraged tiie
emergence of new growth flushes (Fig. 21). The results are in agreement with

Kamachuk and Gobvatskaya (1998) and Mahcsh (1996) in lemon.

More vegetative growth viz.. stock and scbn girth, graft hei^it (Fig. 16),
sprout length (Fig. 17) and plant spread under fen and pad system mi^ be
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attributed to more production and accumulatbn of carbohydrates as wefl as

increased hormonal activities resulting in hi^er photosynthesis. This ultimately

resulted in rapid cell division and elongation of the existing cells by enlargement

of the vacuoles. The results are in agreement wMi Chattopadhyay (1994) in

mango.

Production of more number of leaves per graft, highest leaf length, and

v/idth, coupled with hi^ leaf area were recorded under fen and pad system. This

might be due to tlie combined eflect of quick and strong graft union formation and

better nutrient i5)take which in turn caused better sprout growth The liigher

humidity that pre\'aiicd inside the system during the period of investigation migjit

have acted as a driving force for cell ebngation and multiplication, which

fevoured more leaf e;q)ansion than in other plant growth structures (Sivudu et al,

2013).Simflar results were also reported by Chovatia and Sin^ (2000) in jamun

and Gadekar ei al, (2010) in jamua The fen and pad system provides relative^'

hi^ percentage of moisture and also aDows free exchange of gases, optimum

K^t intensity as well as temperature. This fevours trwre slioot growth and CO2

enrichment resulted in production of more photosynthates. This might be the

probable reason for better results. Similar results were also reported by Sin^i and

Srivastava (1982) and Savani (2009) in mango.

The optmnn tenperature and water availability plays a vital role in

photosynthetic activity as well as in bud sprouting, which increases the rate of

photosynthesis, leading to production of more food materials, thereby fecilitating

inproved growth and devefopment of sprouts in grafted plants. The presence of

thin water film in the callusing surfece was observed to be more congenial for

anple production of callus and better union, thus fecilitating better initial success

percentage (Fig 19) and graft establishment (Fig 20) under fen and pad system

(Sivudu 2013).

The hi^ level of relative humidity maintained in the humidity chamber

reduced water foss fi-om the scion and thus resulted in successfift graft unioa An

examination of corresponding data on humidity reveals the feet that hi^r

humidity level mi^ have acted as driving forces for cell ebngation and
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mult^lication that fevoured production of more number of nodes as weD as the

hi^r intemodal length under fen and pad system. The results are in agreement

with those of Savani (2009) in mango.

The fen and pad system provides relativefy hi^ percentage of humidity as

well as temperature. This optinaim tenperature maintained under this structure

mi^ be suitable for proliferation of new parenchymatous callus between stock

and scion (Hartmann et al. 1997). The presence of hi^ relative humidity fevours

the good callus bridge formatioa It also have an intact on early conpletion of

other physiological processes involved in the rapid callus formation between

rootstock and scioa These fevourable conditions resulted in early graft union

between stock and scion as well as higher growtli of grafts. Besides, the hi^

relative humidity helps in avoiding tlie graft buds from drying, resulting better

graft survival (Fig.24). These findings are in consonance witli those of Ba^l et

al. (2002) and Savani (2009) in mango and Iqbal et al. (2004) in walnut The k)W

humidity and tenperature under natural shade might be the probable reason for

tow survival of grafts (Reddy and Kolili, 1988).

The poor growth perfonnance and survival of grafts under natural sliade

mi^ be due to tow humidity and tenperature which have resulted in retarding

the physiological process of graft untoa (Chattopadhyay, 1994),

5.4.3 Effect of varieties of scion

In the present study, it was inferred that the graft success may vary

depending on the genotype of scions. The better graft union in variety Kalapady

mi^ have easify furnished the required quantity of nutrients to the grafts

resulting in earlier sprouting. The variation also mi^ be due to the difference in

endogenous substances viz., phenols and latex. In other varieties, presence of

more concentrated latex and hardiness of rootstock mit^it have hindered the

process of graft union resulting in delay in initiation of sprouting (Pandiyan e( al..

2011).

The diference in graft height (Fig. 16) and intemodal length in

Kotookonam VarScka mi^ be due to the variation in vigour of difeent varieties
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and early sprout eniergence of grafts (Sin^ and Suryanarayana, 1996). The

5  hi^st sprout length (Fig, 17), leaf lengdi, leaf width and leaf area in var. Neelum

be attributed to earlier sprouting of grafts with more number of fonctional

leaves, resulting in production of more carbohydrates required for proper growth

and development of grafts. Similar results were also reported by Madalageri et al.

(1989) and Ba^iel et al. (2002) in mango.

Better vegetative growth in terms of stock and scion girth, graft height

(Fig. 16), plant spread and number of iK>des in Kotookonam Varikka mi^ be

due to the variations in the genetic make-qi of the varieties under study, which

mi^t influence the histotogical as well as physbfogbal devctopments wfthm flie

scion shoots in distinct ways (Alam et al. 2006). The greater mechanical fit of the

two cambium layers aixl feirly optimum level of hormones in the tissue, variation

in callus formation and vascular continuity mi^t be a probable cause. These

findings were in agreement with Sivudu et al. (2013) and Ram et al. (2015) in

mango.

The var. Kotookonam Varikka has produced more number of growth

flushes (Fig. 21) conpared to others probably due to the early callus fomiation,

better bridging of graft union afong with well-devefoped conducting tissues. The

variations also attributed to diflference in cell divisbn as well as differential

capacity in different scion varieties, \^hich might have occurred due to the growth

of meristcmatic cells coipled with physiological processes like photosynthesis

and respiratioa The results are in agreement with those of Asante and Bamett,

(1977) in mar^.

The production of more number of leaves in Neelum mi^it be attributed to

^etic make-ip of the variety (Sivudu et ai, 2013). Besides, the better iptake of

nutrients and water would increase tlie photosynthctic efficiency leading to nx>re

productbn of functional leaves, resulting in better growth of tlie grafts (Prajapati
et al. 2014). The results are in agreement with the results obtained by Bajpaie/ al.

(1988) in mango. The hi^est number of leaves in Neelum may lead to production

of more quantum of carbohydrates that are required for proper growth and

devefopment of the grafts. This fevours quicker callus fomiatbn resulting in rapid
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wound healing in graft as a result of rapid ceD division and cell elongatioa These

results are in agreement with results obtained by Alam et al (2000) and Gurudatta

et al (2004) in mango.

The hi^iest initial graft success (Fig. 19) and graft establishment

percentage (Fig. 20) were noted in var. Kotookonam Varikka. This variation with

respect to varieties of scion nriglit be attributed to the di&rences in endogenous

phenolic conponents in the selected genotypes. Besides, greater formation of

wound periderm would also be a probable cause for hi^ier initial success (Abd

EhZaher, 2008). These findings are in confirmity with those of Prashanth et al

(2006), Alam et al (2006), Prajapati et al (2014) and Ram et al (2015).

The rapid pliysiological devefopmcnt and accelerated activities in the

mcristematic tissues of the varieties Kalapady and Kotookonam Varikka miglit

have induced the early healing of the graft union which ultimately led to earlier

production of first (Fig. 22) as weD as second vegetative flushes (Fig 23)than

othra- varieties. The results are in agreement with those of Hanumantrao (2012) in

mango.

5.4.4 Effect of interactions

hi the present investigation, most of the growtli parameters were

appreciably increased under the interaction of cpicotyl method of grafting and tan

and pad system. Tliis might be due to the congenial environmental conditions for

canibial and int«mediate tissue contact, which heals the wound in graft very

rapidly and makes a strong union between stock and scba This resulted in more

nutrient uptake and transfocation of food materials in a better way, wliich

increased the graft growth. These results are in confirmity with results obtained by

Gurudatta et al (2004) in mango.

The promising results obtained due the interaction of modified

environments as well as varieties of scion mi^ be attributed to the genetic

makeup of the variety afong with enlianced vegetative growth by activated

physiotagical process, which may be accountable for rapid multplication of callus

ceBs, quick and uniform proliferation of paiynchymatous tissues, that supports the

healing of wounds, resulting in early and proper graft union under the fevourable
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environmental conditions. These results are in agreement wMi the findings of

J  Gunjate (1989), Patil et al. (2008) and Jawre (2012) in mango.

The best results obtained fiom the interactbn efibct between propagation

methods and varieties of scion nfi^it be attr&uted to the early and better contact

of caniiial layers of stock and scion resulting in early callus (parencl^matous

tissue) formation as well as rapid graft union process. The rapid callus formation

aflows transfocation of essential biochemical conpounds between rootstock and

scion, which resulted in better growth of grafts. The better combination of stock

and scion are also influenced by the genetic makeip of both scion as well as stock

plants. Tlie results are in agreement \vith Sampath et al (2017) in mango. The

f  histotogical studies on graft anatomical features of jackfiiit varied in accordance

with type of gj^fting as well as conpattoflity between stock and scion as reported

byAbd El-Zaher (2008).

TIk coipled efect of relevant propagation methods with proper selection

of g^type of scion under fevourable environmental conditions resulted in better

vegetative growth in mango grafts.
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6. SUMMARY

Attempts were made at the Department of Pomofogy and Ftoriculture,

College of Agriculture, VeHayani during 2016-2019 to evaluate the propagation

techniques and rootstock studies of manga {Mangifera indica L.). Hie saHent

findings of the investigations are summarized befow.

Twenty focal mango varietfos were collected from different parts of

"Ihiruvananthapuram district of Kerala and screened for polyembryony. Among

the 20 varieties, 17 were polyembryonic and 3 were monoembryonic. The

germination characters of di^rent genotypes revealed that the var. Kappa Manga

performed best in terms of germination per cent, germination index and seedling

vigour index-1. The mean gennination time was the least in Vellari Varikka.

Kotookonam Varikka recorded the lii^est percentage polyembryony and

produced more number of plantlets per stone.

Out of seventeen polyembryonic mango varieties screened, molecular

characterization of all the plantlets from two varieties viz.. Kotookonam Varikka

and Kocliu Kilichundan that exhibited the highest percenta^ po^'embryony were

done using SSR primers in conparison with fiieir nxither plants. The outcome of

SSR marker to distinguish zygotic and nucellar seedlings depend on the degree of

plant heterozygosity and the number of loci detected. Hie selected polyembryonic

mango varieties were screened using 20 SSR primers. It is evident from the

present study that all the seedlings obtained from the respective nxither plant had

SSR profile identical to the raother plant. Hie identical banding pattern of

muHple seedlings and mother plant indicated the nucellar origin of seedlings

having tlie similar genetic conpositioa It can be presumed that the zygotic

seedlirig has ceased growth and degenerated at very early stage of growth and the

nucellar seedlings that remain are all vigorous ones. Hie seedlings of

Kotookonam Varikka and Kochu Kilichundan could produce more uniform

rootstocks and they can be used to generate homogeneous grafted plants.

The finits of ̂ Kotookonam Varikka' variety of mango were selected for

stone extractfoa The treatments conprised of different combinations of two
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sowing positions (flat and stalk end 15)), three difeent age groups of stones afier

extraction fiom fluit (freshly extracted stone, 10 days after extraction, and 20 days

after extraction) and seven pre-sowing treatments (GA3- 100 and 200 ppm, KNO3

-1 and 2 ppm, cow dung slurry, water and control). Among different sowing

positions, stalk end up sowing (micropjde pointing downward) was si4)erior with

respect to minnnum number of days for initiation of germination and 50 per cent

gennination, the hi^iest percentage of germination, germination rate and seedling

vigour indices (on both growth and weight basis) con^ared to flat method of

sowing The hi^est germination percentage, the least number of days for

initiation of germination and 50 per cent germination, the highest rate of

germination, seedling vigour indices on growtli basis and weight basis were the

best for the freshly harvested stones as compared to stones sown at 10 days and 20

days after extraction from fruit. With regard to the pre-sowing treatments, the

earliness in germination, the least nunfoer of days for 50 per cent germination, the

Iii^est germination percentage, rate of germination, vigour index-1 (growth basis)

and vigour index- 11 (weight basis) were recorded when mango stones were

soaked in 200 ppm GA3 for 24 hours. Wliereas 100 ppm GA3 treated stones

produced seedling with the hi^iest length as well as dry wei^.

The interaction effect of sowing positions and age of stones after

extraction from the fruit showed the least number of days taken for initiation of

germination and 50 per cent ̂ rmination, the hi^iest germinatbn percenta^, rate

of germination, seedling length, dry wei^ vigour index-I and vigour index- n

were recorded for freslily extracted stones sown in staDc positioa The

interaction effect between sowing positions and pre sowing treatments revealed

that the least nurrber of days taken for initiation of gennination and 50 per cent

germination, the h^iest gennination rate, vigour index-I and vigour iibex- 11

were recorded 200 ppm GA3 pre-treated mango stones sown in stalk end ip

posbon, whereas, tlic hi^iest seedling length and dry weight were recorded in

100 ppm GA3 pre-treated mango stones sown in stalk end up position The freshly

extracted stones treated with 200 ppm GA3for 24 hours proved to be the best with

respect to the least number of days taken for initiation of germination and the
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hi^iest germination rate, whereas the greatest seedling length and dry wei^

J  were obtained fiom fieshly extracted stones sown after treatn:*ent with 100 ppm

GAs.The freshfy harvested stones, which were pre-treated with 200 ppm GA3 and

sown in stalk end up method resulted in the least number of days taken fcr

initiation of germination and the hi^iest rate of germination, whereas the greatest

seedling length, and dry wei^t were obtained fiom fî eshfy harvested stones pre-

treated with 100 ppm GA3 and sown in stalk end method.

Ten bcal mango varieties/collections were screened at seedling stage for

use as rootstocks in order to inpart dwarfriess. The varieties selected for the

present study included Kotookonam Varikka, Kasthuri, Thali Manga Manga,

f  Kochu Kilichundan, Vellari Varikka, Pallikkal Local, Kili Manga, Kappa Manga,

Paiveli Local and Unda Varikka. Tire morphofogical, physbfogical and

anatomical features associated with dwarfing potential of the selected indigenous

mango varieties were studied.

At 4 MAS, the fewest seedling length was noticed in Kochu Kilichundan,

followed by Unda Varikka aixi the highest seedling length was in Kappa Manga.

Moreover, the germination percentage of Kochu Kilichundan was on par with all

the varieties except Kappa Manga along with tlie least vigour index-I and vigour

index- 11 was on par with Unda Varikka. However, the least dry matter of seedling

was recorded in Unda Varikka.

At 6 MAS, majority of the morphological features were the hi^^iest in

•  Kappa Manga. The hi^est starch content was estimated in Kasthuri The Kochu

Kilichundan and Unda Varikka exhibited dwarfism with fewer plant hei^ but

the former had the least intemodal length. The higher values for number of feaves,

leaf length, leaf width and average leaf area were in Unda Varikka than Kochu

Kilichundaa However, hi^r number of roots, root length, dry wei^ of root

and shoot and stomatal density were recorded in Kochu Kilichundan. Total leaf

area of the two varieties were on par. Moreover, Kochu Kilichundan had the

bluest phenol content in apical bud and leaves, bark percentage of root aixl shoot

than all the varieties. The anatomical studies revealed the highest phfeem-xylem

ratio both in stem and root and the feast total conduit area of root in Urda Varikka

wdiereas the feast total conduit area of stem was in Kochu Kilichundan, indicating
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the dwarfing potential of botli Kochu Kilicbundan and Unda Varikka. The

menibrane stability index, relative water content, transpiration rate and leaf

teirqierature w^e not significant as a xjse&l criterion for the assessmait of

dwarfing potential of the selected mango genotypes.

The varieties were classified based on growth potential as vigorous, semi

vigorous and dwarfing based on various moiphotogical, physiological and

anatomical characters. Among ten varieties. Kappa Manga, Kotookonam Varikka

and Vellari Varikka were groi4)ed under vigorous rootstocks, whereas KiH

Manga, Kasthuri, Thali Manga, Paiveli Local and PaDikkal Local were groined

under semi vigorous group. The variety Kochu Kilichundan and Unda Varikka

#  were identified as promising rootstocks to in^art dwarfiiess and Kochu

Kilichundan was more superior in most of the moiphofogical and physiotogical

characters.

Epicotyl and softwood graftmg were done on three scion varieties viz.,

Kalapady, Neelum, and Kotookoi^m Varikka. The vegetative and growth

performances of respective grafts were examined under difcent modified

environments such as fon and pad system, humidity chamber and natural sliade

(75 % shade). Epicot>d grafts performed better in terms of most of the vegetative

and characters. Hi^r values for scion length, sprout length, number of grafts

sprouted at weekfy intervals, initial success percentage, graft establishment

percentage, the least number of days for fii*st sprouting and last sprouting^ days for

leaf opening, higher number of leaves, leaf length, leaf width, leaf area, number

of nodes on scion, intemx)dal length, number of growth flushes per graft, bwer

number of days taken between grafting and first vegetative flush as well as

between grafting and second vegetative flush and the hi^st survival percentage

were recorded for epicotyl grafts. Hi^r values for stock and scion girth, graft

hei^it and plant spread were observed in softwood grafted plants. The

propagation methods had no significant efect on root length.

The micro climate controlled by fiin and pad system produced the most

conducive conditions for vegetative growth of mango grafts. The varieties of

scion differed significantly with respect to the growth performance and success
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percentage of grafts. Among diflbrenl scbn varieties, the highest stock and scbn

girth, scion length, graft hei^t, plant spread, number of grafts sprouted at

weekfy intervab, initial success percentage, percentage of graft establishment, leaf

widtli, number of nodes on scbn, intermodal length, number of growth flushes per

graft and earliness in second vegetative flushing were observed in Kotookonam

Varikka. Higjier values for sprout length, more number of leaves, hi^cst leaf

length and leaf area were notbed m Neehmi The carlmess m sproutmg leaf

opening and first vegetative flushing were recorded in Kalapady. The varieties of

scbn did not influence the root length and final survival of grafts.

The interactbn of propagatbn methods and modified environments

revealed that the epicot>d grafts mabtained under fon and pad system produced

significantly better vegetative growth of grafts. The interactbn effect of

propagatbn methods and varieties of scbn indicated that epbotji grafts of

Kotookonam Varikka performed best m terms of vegetative characters and

establishment of mango grafts. An interactbn of nidified environments and

varieties of scbn revealed that the Kotookonam Vaarikka grafts kept under

climate controlled fen and pad sj^tem resulted in more vegetative growth, success

as well as establishment of grafts. The epicotyl grafts of Kotookonam Varikka

under controlled climate usmg fen and pad system recorded better graft

establislinient, survival and vegetative and growth parameters.

Future line of work

On the basis of the results obtained, the following su^estbns are made for ftiture

line ofworic.

•  Identificatbn of more numbers of SSRs are required b fitfure for

ascertabbg the origb of plantlets and hybridity testing of progenbs b

polyembryonic mango varieties.

•  The identified dwarf varieties can be included b further studies to bpart

dwarfiiess b commercial varietbs and hybrids.

•  Further research fe needed to ascertab dwarfism induced throu^ grafting

with these rootstocks and economb viability for tong term HDP Q'stem.
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APPENDIX-I

Fruit character ofdifTcrcnt mango genotypes

SL Genotypes Fruit Fruit Fruit Fruit Fruit

No. wight length breadth circumference volume

(g) (cm) (cm) (cm) (ml)
1 Kotookonam Varikka 216.40 11.87 8.12 15.84 139.24

2 Thali 94.80 9.14 6.48 11.64 101.60

3 Vellari 187.80 11.50 8.26 17.27 180.42

4 Kochu Kilichundan 193.20 8.98 6.43 13.18 90.36

5 Unda Varikka 113.00 9.78 7.69 17.26 81.25

6 Paiveli Local 84.60 8.5 6.32 14.68 60.86

7 VaThapa^iti 76.86 7.15 4.89 9.24 49.27

8 Pandi Manga 150.40 8.42 6.78 16.74 86.32

9 Champa Varikka 161.60 11.76 6.22 13.24 135.8

10 Kili Manga 115.40 10.12 5.10 11.24 53.86

11 Peraykka Manga 140.65 9.24 7.14 16.54 121.41

12 Srcekaryom Local 215.60 12.47 7.85 18.23 88.62

13 Mylapoo 150.60 9.56 6.12 14.25 63.84

14 Kasthuri 144.62 10.24 5.89 15.64 61.44

15 Attanari 127.68 6.89 5.42 14.26 96.34

16 PakaDckuri Local 196.43 10.34 6.14 17.89 88.80

17 Kuttara Local 226.80 11.63 6.34 18.25 168.44

18 VeDariVarikka 309.00 12.48 8.24 21.28 150.28

19 Kappa Manga 552.52 15.85 9.84 28.24 257.42

20 Nattuniavu 63.46 7.42 5.26 13.24 34.60



APPEND IX-II

Stone characters of different mango genotypes

SL No. Genotypes Stone Stone Stone

length breadth weight
(cm) (cm) (g)

1 Kotookonam Varikka 6.78 3.98 29.34

2 HiaH 5.98 3.52 28.14

3 Vellari 7.22 4.23 35.54

4 Kochu Kilichundan 5.54 3.24 19.92

5 Unda Varikka 5.21 4.02 27.88

6 Paiveli Local 4.96 3.68 17.96

7 Vazliapa2hiti 4.90 3.58 16.76

8 Pandi Manga 5.68 4.36 31.02

9 Chair^ia Varikka 6.92 4.02 30.57

10 Kill Manga 6.54 3.56 31.72

11 Peraykka Manga 7.66 4.46 39.54

12 Sreekaryom Local 5.94 4.47 39.12

13 Mylapoo 5.78 4.10 33.24

14 Kasthuri 5.14 3.78 19.36

15 Atlanari 5.34 3.64 15.44

16 Pakalkkuri Local 6.88 4.65 35.94

17 Kuttara Local 6.78 4.46 25.82

18 Vellari Varikka 6.87 5.23 19.27

19 Kappa Manga 10.12 5.72 52.46

20 Nattuinavu 4.36 3.12 15.56



APPENDIX-III

Weather data during the grafting period

Month

Temperature (®Q Relative humidity (%) Rainfall

(mm)Max Min Max Min

June-18 32.22 24.34 93.34 82.33 12.34

July-18 31.54 23.78 91.54 78.76 9.87

August-18 30.65 23.45 93.32 79.54 10,23

September-18 32.00 23.67 91.67 77.54 9.78

October-18 31.65 24.12 93.54 82.12 11.13

November-18 30.13 23.87 94.56 83.45 15.43

Decen4)er-18 30.32 22.56 93.55 76.66 8.89

January-19 31.00 20.12 92.65 74.87 0

February-19 32.12 22.67 91.76 76.43 0

March-19 33.43 24.87 91.54 73.76 0

April-19 34.67 26.87 86.45 72.10 0



APPENDIX-IV

Fan and pad system area

No. of mango stones sown

Germinated mango stones

(@ germination 82.22 %)

Pre sowing treatments

Grafting method

Modified environment

A) Material cost

Mango stones (@ Rs. 1 /stone)

Pofy bags (@ Rs. 2 /polybag)

Pro trays (@ Rs. 15 /polybag

Benefit Cost Ratio of mango graft production

= 500 m^

= 20000

=16600

= 200 ppm GA3

- epicotyl grafting

= fen and pad system

= 20000

= 33200

= 6000

Pro tray media =10000

Sand (10 ton) = 30000

Soil (10 ton) =5000

Cow dung (10 ton) = 20000

Chemicals - 3000

(Plant growth regulators + plant protection)

Total material cost = 127200

B) Labour cost(@Rs. 750/day/person)

Polybag filling = 45000

Sowing of stones =11250



••

Lifting of seedlings =I 1250

Grafting = 120000

Planting = 45OOO

After care of grafts = 55500

Total labour cost = 288000

C) Fixed cost of fan and pad polyhouse per annum

Annual usage =360 days

Life span of fen and pad poljfiouse (n) = 15 years

Interest rate (i) =11 % per annum

Cost of installation of fen and pad pofyhouse (S) = 120000

Fixed cost of fen and pad polyirouse = jfrHQ" x S

(i+l)"-l

= 0.11 fO.ll+n'^x 120000

(0.11+1)'^

'166878

D) Variable cost per annum

Maintenance cost of fen and pad system = 2 % of cost of installation of fen

and pad po^touse

= 24000

E) Cost of eneigy

Total energy requirement per annum (@ Rs. 6/kWli) = No. of days x electricity

charge/ kWh x energy/ day)

= 360 X 6 X 5

=10800

Total expenditure = A +B+C+EH-E

= 616878



Total number ofepicotyls grafts obtained = 12660

(@ 77.00 % survival rate)

Total benefit (@ Rs. 75/graft) ~ 949500

Net profit = 332622

Benefit Cost Ratio = 1.54

*
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ABSTRACT

An investigation entitled "Evaluation of propagation techniques and

rootstock studies of mango {Mangifera indica L.)" was carried out during 2016-

2019 at Department of Pomofogy and Floriculture, CoDege of Agriculture,

VeDayanl The investigation aimed to screen bcal mango varieties/ collections for

pofyerabryony, to study the pre-sowing treatments, sowing positions and age of

stone after extraction fiom fiuit on germination of mango stones, to screen local

mango varieties for use as dwarfing rootstocks arxl to study the efect of two

propagation methods in three modified environments on three varieties of scions.

Out of twenty tocal mango varieties collected fiom di&rent parts of

Tliiruvanantliapuram district of Kerala, seventeen were polyembryonic wliile

three were nxinoenforyonic. The mango var. Kappa Manga (T19) recorded the

hi^st germination per cent (73.33 %), germination index (2.41) and seedling

vigour index on growth basis (2795.20). The mean germination tiiTK; (17.50 days)

was tlie least in VeDari Varikka (Tjg). Kotookonam Varikka recorded the hi^iest

per cent polyenfoiyony (65.13 %) and produced the hi^iest number of plantlets

per stone (5.00). MicrosateHite analysis of all the plantlets fi-om two varieties viz.,

Kotookonam Varikka and Kochu Kilichundan that exhibited the hi^st

percentage of polyembiyony were done using 20 SSR primers and the products

were conpared with their respective mother plants. AD the seedlings obtained

fiom the respective stones had identical SSR profile to the mother plant, which

indicated nuceDar origin of seedlings having similar genetic conposition to the

mother plant. The zygotic seedling miglit have degenerated at very early stage of

growth and the remaining nuceDar seedlings were aD vigorous.

To study the effect of pre-sowing treatments, sowing positions and age of

stone after extraction fiom the fiuit on germination of mango stones, an

experiment was laid out in completely randomized design with 42 treatment

combinations replicated thrice. The treatments conprised two sowing positions

viz., flat (Si) and staDc end ip (S2), three age of stones after extraction fi-om fiuit,

viz.. fioshly extracted (Ai), 10 days (A2) and 20 days after extraction (A3) and

seven pre-sowing treatments viz.., 100 ppm GA3 (Ti), 200 ppm GA3 (T2). 1 ppm

KNO3 (T3), 2 ppm KNO3 (T4), cow dung slurryfTs), water (Te). control [without

fc treatment (T?)] and their combinations. The variety Kotookonam Varikka was



utilized for the study. The stalk eixi sowing method and freshly extracted

stones proved to be tlie best with respect to germination and vigoxr of mango

seedlings. The stones treated with 200 ppm GA3 required minimum nuni)er of

days for initiation of germination (22.62 days), 50 % germination (31.78 days),

exhibited the hi^iest germination percentage (62.59 %), rate of germination

(0.48), vigour index on growth basis (2310.02) and wei^ basis (657.09).

Treatment with 100 ppm GA3 produced the hi^est seedling length (35.70 cm)

and dry wei^t (10.39 g) at 4 month after sowing (MAS). Interaction efiects also

indicated that the fresh^ extracted stones sown by stalk end up method after

treatment with 200 ppm GA3 for 24 hours resulted in significantly the hi^st

germination rate (0.74) and the least number of days for initiatbn of genrdnation

(13.00 days).

An attenpt was made to identify the focal mango varieties for use as

dwarfing rootstock based on morphological, physfofogjcal and anatomical

features. The experiment was laid out in conpletely randomized design (CRD)

with ten genotypes replicated thrice. At 4 MAS, the lowest seedling length (29.48

cm) was noticed in Kochu Kilichuixlan (T4), followed by Unda Varikka (Tio) and

the highest seedling length (56.11 cm) was in Kappa Manga (Tg). Moreover, the

germination percentage of Kochu Kilichundan (46.67 %) was on par with all the

varieties except Kappa Manga (71.11 %) along with the lowest vigour index-! and

vigour index- II was on par with Unda Varikka. However, the least dry matter of

seedling (9.66 ̂  was recorded in Unda Varikka.

At 6 MAS, majority of the morphological features were the hi^st in

Kappa Manga, The lii^st starch content (8.53 %) was estimated to be in

Kasthuri (T2). Kochu Kilichundan aixl Unda Varikka exhibited dwarfism with less

plant hei^ (38.77 cm arxi 40.20 cm respectively), but the former had the least

intemodal length (3.16 cm). The lii^iest values for number of leaves (23.20), leaf

lenglli (12.59 cm), leaf width (4.07 cm) and average leaf area (22.57 cm^) were

recorded in Unda Varikka compared to Kochu Kilichundan. However, the hi^iest

number of roots (28.53), root lengtli (35.02 cm), dry weight of root (3.10 dry

wei^ of shoot (1.46 g) and stomatal density (51.68) were recorded in Kochu

Kilichundan while total leaf area of the two varieties were on par. Moreover,

Kochu Kilichundan had the highest phenol content in apical bud (60.57 mg/g) and

leaves (29.03 mg''^ and baric percentage of root (23.69 %) and shoot (34.02 %) of



all tlte varieties. Membrane stability index, relative water content, transpiration

rate and leaf tenperature were non-significant. The anatomical studies revealed

the hi^iest phtoem-xjdem ratio both in stem (0.99) and root (1.35) and the least

total conduit area of root (6.38 mm^) in Unda Varikka while the least total conduit

area of stem (5.42 mm^) was in Kochu Kilichundan, indicating the dwarfing

potential of both Kochu Kilichundan and Unda Varikka.

To study the efifect of propagation methods and modified environments on

different varieties of scion, an experiment was laid out in completely randomized

design with ei^tecn treatment combinations replicated thrice. The treatments

comprised two propagation methods viz., epicotyl (Pj) and softwood grafting

(P2), tliree modified environinents viz., climate controlled [£m and pad (Mi)],

humid clianiber (M2) and natural sliade [75 % shade (M3)] and three varieties of

scions, Kalapady (Vi), Ncelum (y2) and Kotookonam Varikka (Vs) and their

combinations. The grafts produced by epicotyl grafting resulted in significant^

h^ier scion length (15.80 cm), had the least number of days for leaf opening

(15.07days) , first (12.19 days) and last sprouting (22.02), higher number of grafts

sprouted at weekly intervals, higher initial success percentage (83.21 %), graft

establishment percentage (72.22 %), number of leaves per graft (15.40), leaf

length (15.27 cm), leaf width (3.36 cm), leaf area (41.69 cm^), number of nodes

on scion (21.63), intemodal length (5.20 cm), number of growth flushes per graft

(1.76), lower number of days taken between grafting to first vegetative flush

(26.06 days) as well as to second vegetative flush (44.98 days) and hi^ier final

survival of grafts (65.19 %). The micro climate controlled by fen aixl pad system

produced most conducive conditions ibr vegetative growth of mango grafis.

Among the different varieties of scions, Kotookonam Varikka recorded the

bluest girth of rootstock, girth of scion, length of scbn, graft hei^ spread of

plant in N-S direction and E-W direction, number of grafts sprouted at weekly

intervals, initial success percentage, percentage of graft establishment, leaf width,

number of nodes on scion, intemodal length, number of growth flushes per graft

and the bwest number of days taken between grafting and second vegetative

flush. Kalapady recorded the least number of days for first and last sprouting, leaf

opening and for first vegetative flushing The gjeatest sprout length, number of

leaves, leaf length and leaf area were recorded in Neehim. The scion did not
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influence the final survival of grafis. The treatment combinations had no influence

on root length. Interaction efcts also confirmed that epicotyl grafiing method

with Kotookonam Varikka variety as scion under controlled conditions using fen

and pad system resulted in grafts wMi hi^ier scion length (16.80 cm), sprout

length (6.05 cm), more number of growth fluslies per graft (2.33) and earlier

second vegetative flush (40.87 days).

Based on the above findings it could be concluded that the hi^iest

percentage of polyembryony was in FCotookonam Varikka and microsatellite

analysis revealed the nucellar origin of plantlets and confirmed hi^er vigour of

nuceDar seedfings over sexual seedling. Stalk end sowing of fleshly extracted

stones treated with 200 ppm GA3 for 24 lx)urs recorded better germination and

vigDur of man^ seedlings. The mango variety Kochu Kilichundan and Unda

Varikka were identified as promising rootstocks to mpart dwarfiiess and Kochu

Kilichundan was superior in most of the morphofogical and physiofogical

characters. The epicotyl grafts of Kotookonam Varikka under controlled climate

by fen and pad system recorded better graft establishment, survival, vegetative

and growth parameters.


