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Introduction



1. INTRODUCTION

Sapota is a common fruit of tropical region belonging to family sapotaceae and
called in various names as chikku, zapota, sapodilla plum and nose-berry. Origin of
sapota is known to be Mexico (Vavilov and Freier, 1951) and then it was spread to
different countries like Malaysia, Indonesia, Philippines, Unites states, India and Sri
Lanka. Currently, sapota production is found in all tropical countries of the world. In
India, the major sapota cultivation is concentrated in states like Maharashtra, Tamil
Nadu, Karnataka, Andhra Pradesh, West Bengal, Uttar Pradesh, Gujarat, Assam,
Haryana, and Kerala. In India, total area of sapota cultivation is nearly 80000 ha and
production is 979000 MT (GOK, 2020). Humid tropical climate is most suitable for
sapota production and diversified soil and climatic conditions are adoptable for its
cultivation. Presently, sapota has an increasing demand in our country and beneficial
for its sweet, tasty fruits. The major cultivars grown in various states of India are
Cricket Ball, Kirti Bharti, Oval, Kalipatti, Long Oval, Pala, DHS-1, DHS-2, CO-1,
CO-2, PKM-1, PKM-2, PKM-3 and Baramasi.

Sapota, is an evergreen tree with slow-growing nature which produces flower
and fruits terminally on leaf axils. Leaves are elliptic to obovate shape. Fruits are
berry type with thin skin and brown colour. Seeds are black in colour with shiny
appearance. Delicious fruits of sapota contain the richest source of vitamins like A,
B, , B, , Bg , C and minerals like phosphorous, calcium, potassium, iron, sodium and
magnesium. Unripe sapota fruits have a milky latex secretion called as “gutta percha”
or “chuckle” having a higher market value which can be utilised as base material for
chewing gum manufactures. Sapota seeds have diuretic and bark has antipyretic
properties. Many processed products like jam, marmalade, fruit bar, jelly, flakes and

dried fruit powder can be prepared from sapota fruits.

In sapota different propagation methods are there with varied success rate.
Propagation of sapota through seeds takes a higher time for establishment showing
more heterogeneity. Hence, vegetative propagation is more suitable. Vegetative
propagation of sapota is achieved through different methods like budding, air layering,
side grafting, veneer grafting, approach grafting and softwood grafting. Commonly

approach grafting was practiced for the past many years. But this technique is costly,



time-consuming and tedious hence, can not meet the huge demand of planting
material. Recently, softwood grafting in sapota has become familiar among farmers
and horticulture sector due to various benefits. It is an easy and cheap method. It
provides rapid multiplication of plants with considerable success per cent. Khirni
(Manilkara hexandra) is used as rootstock commonly for grafting in sapota. Success,
survival and subsequent growth of scion shoot and development of successful graft
depend on a number of factors viz. time of grafting operation, varieties, grafting
methods, compatibility of rootstock and scion, age of scion and rootstock and

environmental conditions (Hartmann et al.,1997).

Even though scope of sapota crop is very demanding, it has less cultivation
area compared to other major fruit crops due to the non availability of quality planting
material. So, there is a large requirement of production of healthy and quality planting
material for various cultivars. This should be carried out as a rapid multiplication
technique thorough out the year to satisfy the huge demand. The success per cent of
grafts performance may change at various environmental conditions and various
cultivars. Precuring treatment gives better success of grafts in sapota (Pampanna and
Sulikeri, 2000) and more beneficial for higher success rate along with better overall
graft growth (Tanuja and Thippesha, 2017). But it takes time and effort in grafting.
There is influence of different environmental conditions on the performance of sapota
softwood grafts on invigorated khirni rootstock (Ashutosh et al., 2020). Application of
cytokinin showed the potential effect on the early graft union and growth parameters
like survival per cent of grafts and increase in the success rate of number of days
taken for bud sprout incase of grape under polyhouse condition (Sunitha et al., 2016).
Influence of hormones like cytokinins on graft union of grape cuttings had enhanced
callus proliferation (Kose and Guleryuz, 2006). So for overcoming all problems, it is
proposed to undertake a trial on the modified aspects of softwood grafting in Sapota.
Hence, present study entitled “Refinement of softwood grafting technique in Sapota
(Manilkara zapota L.)” was undertaken to know the details on this aspects with

following objectives.



OBJECTIVES

1) To study the most proper technique for improving success per cent in
softwood grafting of sapota cultivars by applying various environmental

conditions with various defoliation treatments.

2) To study the effect of cytokinin for improving success of softwood grafting

in sapota.
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2. REVIEW OF LITERATURE

Sapota is one of the valuable introductions from Mexico. Sapota has shown a
phenomenal growth in the recent years. It has reached the status of a major fruit crop
after mango, banana, citrus, apple and guava. Though approach grafting is highly
successful in sapota and which was followed for past many years, it is a painstakingly
laborious process. A rapid and successful propagation technique is required to meet
the huge demand of sapota seedlings throughout the year. So, softwood grafting is
practiced. The most commonly used rootstock for sapota is Khirni ((Manilkara
hexandra). Various research works have been conducted on different aspects of
grafting of sapota in the world. But, research works related to the effect of
environmental conditions, cultivars, precuring of scion and cytokinin application on
scion on the success of sapota grafts are very few under Kerala conditions. The
important literatures available on the present study have been reviewed in this chapter

under different titles.
2.1 Vegetative propagation
2.1.1 Vegetative propagation of sapota by different methods

Hussain and Bukhari (1977) described that among six asexual method of
propagation of sapota, the highest success percentage was found in veneer grafting
(87.5%) followed by side inarching, side grafting, saddle grafting, whip grafting, and

tongue grafting.

A study had been conducted by Singh and Bons (2016) to specify the most
appropriate propagation methods and time of propagation in sapota under north Indian
conditions. Veneer grafting, side grafting, and wedge grafting were the propagation
methods carried out during the months of February, March, July and August. Side
grafting followed by veneer grafting showed highest average graft survival (68.7%).
Maximum graft survival (62.8%) reported on month of July. The earliest sprouting of
bud was observed in side grafting. Veneer grafting followed by wedge grafting
showed maximum number of days needed for bud sprouting. The maximum graft

height was recorded in side grafting.



2.1.2 Vegetative propagation of fruit crops by softwood grafting

According to Desai and Desai (1989), in case of softwood grafting in jackfruit
with six months old scion reported highest sprouting and survival of grafts. The scion

length of 7.5 cm and 10 cm gave the highest success (58.33%) rate of graft.

Soft wood grafting recorded maximum success per cent than patch budding in
aonla. Maximum success per cent in soft wood grafting was noticed during the month
of January (86%) and minimum success was observed during April to September
(Panchbhai et al., 2006).

Prasanth et al. (2007) had studied the time of grafting of mango cultivars by
softwood method in different mango cultivars. Grafting done during the month of
September reported early graft sprouting (24.50 days). Significantly maximum per
cent of sprouting (82.50%) and graft take (54.56%) was observed during first fortnight
of September. Grafting done on December showed poor performance of grafts with

respect to parameters like sprouting and survival.

Kudmulwar et al. (2008) claimed optimum period of grafting in softwood
grafting of custard apple was between 1% February to 15" march. Highest success per
cent (88.87%) was observed on 15" February. February 1% and February 15" showed

minimum number of days for sprouting of graft.

According to Patil et al. (2008) the study of different rootstock on success of
softwood grafting of mango indicated that Alphonso variety grafted on Sindhura
showed higher success (77.80%) of graft. Number of leaves (10.15), height of graft
sprout (4.41), graft diameter (8.57mm) were recorded highest on Sindhura and
Baneshan.

A work done by Selvi et al. (2008) showed that softwood grafting can be
recommended for fast production of jackfruit seedlings under Tamil Nadu conditions
during October. Higher graft success can be obtained if kept under agro shade net

condition.



A study on seasonal variation done by Alka et al. (2010) on softwood
grafting in jamun indicated that, on 15" March and 15" September was best time for

softwood grafting in terms of graft survival (67%) for commercial multiplication.

According to Aralikatti et al. (2011) a study conducted on softwood grafting in
jackfruit revealed that highest graft take, higher number of leaves and higher number
of graft sprouts were obtained in seven months old rootstocks followed by nine
months old rootstocks. Lesser graft take was found in both younger and older

rootstocks.

Ghojage et al. (2011) studied the effect of season on softwood grafting in
jamun. Different months of grafting indicated variation in graft success and survival.
Highest graft success and graft survival were obtained during February (81.66% and
95.97% respectively), while minimum graft success and graft survival were obtained
during December (35.00 and 61.90% respectively) in jamun.

Effect of scion maturity and polythene bag cover on softwood grafting of
karonda showed that graft with the use of younger scion (2 month old scion) and
polythene bag cover resulted in early sprouting (Nimbalkar et al., 2011).

A study of season of softwood grafting in carambola indicated that maximum
sprouting (90%) and survival of grafts (87.50%) recorded during the months of June
to August at 90 days after grafting (Sonawane et al., 2012).

Roshan et al. (2008) showed the influence of age of rootstock and time of
softwood grafting on success of grafting in Aonla. Highest grafting success was
observed in eight month old rootstock (77%), while minimum grafting success was
obtained in ten month old rootstock (68.3%). Soft wood grafting done during the first
week of January (77.8%) recorded highest grafting success whereas minimum grafting
success was reported from grafts done during the first week of December (66.1%).
Eight month old rootstock required significantly fewer days (26.8 days) than the older

rootstocks regarding number of days for sprouting.

Sridhar (2014) done a study to find out the better season for success and
growth of mango grafts by softwood grafting method. The result showed that

maximum graft success was noticed during the month of June (80.56%) followed by



July, August, September and October (78.34%, 65.56%, 71.67%, 53.89%
respectively). Minimum graft success was found during the month of November and
December (35.02 and 32.23 respectively).

Maheswari and Nivetha (2015) had conducted an investigation on influence of
age of the rootstock for the success of softwood grafting in jackfruit. From the
experiment it was clear that four months old rootstocks showed highest values for the
parameters like graft success, graft survival per cent, plant height, number of leaves,
days taken for first and last sprouting, number of sprouts, sprouting per cent, leaf area

and girth of stem which was followed by five months old rootstocks.

Softwood grafting of jamun performed during different months gave result as
the grafting performed during September proved to be highest graft success (75.24%)
and graft survival (71.45%). Maximum height of graft (33.13 cm), highest graft
diameter (0.48 cm), minimum number of days (23.28) for sprouting and maximum
leaf area (32.45 cm2) were also showed in September . Grafting done during month of
February showed better for other growth parameters like number of leaves (9.70),
number of sprouts (2.54) and sprout length (3.68 cm) (Chander et al., 2016).

Barathkumar (2017) had done an attempt to find out the influence of
rootstocks of different age on softwood grafting in aonla. Three months to twelve
months old rootstocks were utilized for grafting. Grafts made from eight months old
rootstock had showed highest values for observations like total biomass (91.14), graft
success per cent (93.74), graft survival per cent (96.32), shoot length (6.98) and
number of leaves (16.82).

Kholia et al. (2017) reported the chances of softwood grafting of different
varieties of guava with different final survival per cent under semi arid conditions of
Akola. During second fortnight of February, maximum final survival of grafts (93.89
%) was observed while, during second fortnight of January (71.67%), minimum

survival of grafts was obtained.

Ullah et al. (2017) concluded that veneer grafting should be preferred over
softwood and epicotyl grafting in order to get better survival and over all sprout

growth for commercial propagation of quality plants of mango cv. Amrapali.



Karna and Varu (2018) recorded that maximum level of survival per cent
(49.44), success per cent (59.44), plant height (75.23), leaves per graft (12.77),
maximum shoot length of scion (13.61) and girth of stock (9.33mm) were found in
softwood grafting of mango which was done at a height of 60 cm. Grafting done at 40
cm height on rootstock showed minimum days to shoot emergence and maximum

scion girth (8.58mm) of grafts.

Deependra et al. (2019) carried out a study to find out the impact of the height
of rootstock on the success and growth parameters of grafts in mango. This was done
by applying the softwood grafting method in various varieties of scions of mango.
Best results for the per cent graft take success, scion shoot length, number of leaves
per plant and per cent graft survival were obtained from the rootstock having a height
100 cm. The root stock of 75 cm height in which grafting was done gave the highest
value for the scion shoot girth and sprouting time. The rootstock height of 25 cm
showed the lowest value for the number of leaves per plant and scion shoot girth.
Grafts prepared on the root stock with a height of 50 cm had lowest value for graft

success and scion shoot length.

Madala et al. (2019) found out that among five types of jackfruit, early
emergence of grafts (28.67 days) observed in Gumless type along with highest per
cent of sprouting (46.90). Cluster type showed more number of leaves (8.33) and
maximum survival per cent (75 %). Maximum shoot length (8.37 cm) observed in

early bearing Varikka.

Yadav et al. (2019) observed the impact of the age of rootstock on the success
and growth parameters of grafts in mango. This was done by the method of softwood
grafting in Bombay Green, Langra, Chausa, Amrapali, Dashehari, and Mallika
cultivars of mango. Among different ages of the rootstocks, the scion cultivar Langra
performed the best for the sprouting time and graft take success per cent. Langra
showed maximum scion shoot girth and maximum number of leaves per plant. Graft
survival per cent was highest in scion cultivar Chausa and scion shoot length was
maximum for Bombay Green. Graft take success per cent, girth of scion shoot and the
number of leaves per plant was lowest in Amrapali whereas graft sprouting time, graft

survival per cent and scion shoot length was lowest in Mallika. Two months old



rootstock performed best for all the graft success parameters and graft growth
parameters. But there was an exception for scion shoot girth. Grafting done on one
month old root-stock was found to perform the best for scion shoot girth. Six months
old rootstock has lowest performance for all graft success parameters and graft growth

parameters.

Naik and Kumar (2020) had done a study on recent developments of mango
propagation through various grafting methods which showed that softwood grafting

is best for success of graft than other grafting methods in nursery mango seedlings.
2.1.3 Vegetative propagation of sapota by softwood grafting

Pampanna and Sulikeri (2000) had done an attempt to study the impact of
growth and season on softwood graft growth of sapota by grafting on invigorated
Rayan rootstock. Graft uptake at initial and final stage was highest in grafting during
May (both 60%) month followed by April (both 43.33%). Using the Rayan rootstock
plants from failed grafts of previous season, softwood grafting of sapota can be done

effectively during the month of May for better graft take and survival.

A work done by Tandel and Patel (2009) showed that in softwood grafting of
sapota scion stick stored after wrapping in newspaper and sealing in perforated
polythene bag had maximum growth of grafts in terms of height, girth and total
number of leaves. It also had minimum days for leaf emergence and maximum

sprouting of grafts.

Wazarkar et al. (2009) conducted a study to know the influence of grafting
materials and grafting dates on success of softwood grafting in sapota under middle
Gujrat agro climatic conditions. They could find out that among five grafting dates,
date 30-7-2017 significantly showed highest number of sprouted grafts (7.33) at 60
days after grafting, maximum increase in scion length (11.49%) and (15.94%) at 30
and 31 to 60 days after grafting, higher number of leaves per scion (4.66) and (7.15)
at 30 and 60 days after grafting, lowest number of days to emergence (15.33), highest
survival per cent etc. Degraded tape as grafting material performed better than
polythene strip for the increment in scion length at 30 and 31 to 60 days after grafting,



number of fully opened leaves per scion at 60 days after grafting whereas polythene

strip showed maximum increment in length of rootstock at 30 days after grafting.

Maske et al. (2009) evaluated the seasonal effect on success of softwood
grafting in sapota. They could concluded that for maximum success of softwood
grafting in sapota, grafting should be carried out from mid July to mid August.
Grafting from 15" November to 15" April showed poor performance of success.

Ghosh et al 2010, conducted a study to find out the most suitable time for
softwood grafting in Sapota. The results showed that softwood grafting performed on
1st July (72%) followed by 15" August (70%), 5" June (62%) and 15" June (56%)

had highest success rate.

Tanuja and Thippesha (2016) had found out that scion diameter had an
influence on success of softwood grafting of sapota. Among the four scion wood
diameters, highest success was observed in thicker scion (64.60%, 62.00% and
58.00%) at 30, 60, and 90 days after grafting respectively. Scion represented by
thicker diameter shoots provided maximum graft survivability per cent (87%).

According Tanuja and Thippesha (2017), best graft growth and maximum
success in softwood grafting of sapota is obtained by using younger scions with three
to four month maturity. Maximum number of sprouts observed at 30 (1.17), 60 (1.20)
and 90 (2.10) days after grafting by using three month old scion. Grafts made with
three months old scion showed minimum number of days for sprout initiation (9.80
days). For 50 per cent sprouting and 100 per cent sprouting it took 16.20 and 24.80
days respectively. Maximum number of leaves and leaf area index on 60 (6.16 and
2.07) and 90 (7.10 and 2.47) days after grafting, maximum length and breadth of
leaves at 60 (6.70 cm and 3.57 cm) and 90 (7.20 cm and 4.10 cm) days after grafting,
maximum height of the graft at 30 (35.66 cm), 60 (36.30 cm) and 90 (37.60 cm) days
after grafting, scion girth at 60 (4.70 mm) days after grafting, graft index at 30
(2423.50), 60 (2373.25) and 90 (2029.25) days after grafting, per cent graft success at
30 (50%), 60 (42.50%) and 90 (37.50%) days after grafting and maximum survival
per cent (87.00%) was obtained.

10



A study conducted by Ghritlahare and Anant (2018) among various grafting
seasons in sapota, 20" July showed maximum growth of scion (2.64 cm and 4.69 cm
) at 60 and 120 days after grafting.

Ashutosh et al. (2020) had evaluated that decaping height of invigorated khirni
rootstock had an effect on scion length and leaves per graft. Decaping height at 15 cm
from ground level indicated clearly maximum length of scion shoot (8.51 cm) at 30
days after grafting. Decaping height at 10 cm from ground level (7.90 cm) showed
minimum length of scion. Same type of outcome were noticed at 60, 90, 120, 150 and
180 days after grafting. Leaves per graft also influenced by decaping height of
invigorated khirni rootstock. At 30 days after grafting minimum leaves per graft was
noticed in decaping height at 10 cm from ground level (1.98) and decaping height at
15 cm from ground level indicated maximum leaves per graft (3.06). Same trend of
results were noticed at 60, 90, 120, 150 and 180 days after grafting.

Mithapara and Karetha (2020) showed that June-July is the best season in
which least number of days taken for sprout emergence (11.72) was reported in
sapota grafts. Maximum survival per cent (56.94%, 58.00%, 55.56% and 55.56%)
and highest success rate (56.94%, 59.72%, 59.72% and 59.72%) with minimum
mortality (43.06%, 40.28%, 40.28%, and 40.28%) at 30, 60, 90 and 120 days after
grafting were noticed in February-March.

2.2 Environmental conditions
2.2.1 Effect of environmental conditions on grafting of fruit crops

Importance of growing condition in graft success of jackfruit was noticed by
Selvi et al. (2008). The number of days taken to graft union and success of graft were
comparatively higher under agro shade net condition followed by mist chamber.

Success at minimum level was observed under tree shade condition.

A study of softwood grafting in mandarin showed that grafts under poly house
had higher success of graft, early sprouting of graft and growth of scion was found to
be better compared to other conditions. Higher success of graft and early graft

sprouting were seemed to be best under the open condition compared to net house.
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Grafted plants showed better growth performance under net house condition than the

open condition (Patel et al., 2010).

Significant variation of success of softwood grafting in jamun due to
structural conditions revealed that grafts kept under open condition showed maximum
survival per cent, highest increase in scion length, length of rootstock, number of
grafts sprouted and minimum days for graft sprouting (75.32%) at 90 days after
grafting (Shinde et al., 2010).

According to Mulla et al. (2011) by considering the environmental condition
in softwood grafting of jamun, maximum per cent of graft take (100%) and graft
survival per cent showed during months of October, November and December under
controlled conditions. Minimum days for sprouting (16.60) produced during January
month. Under open conditions, maximum graft success (100%) was reported during
the month of November and May. Survival per cent of graft at maximum level
(93.33%) was noticed during October, November and May. Highest leaf area (34.8
cm?) and sprout length (5.34 cm) were observed in May. Higher number of leaves

(12.48) was showed in June.

Ragavendra et al. (2011) had found out that wood apple can be propagated by
method of softwood grafting under poly mist house condition with usage of various
aged rootstocks found to be better than grafting under open condition. Rootstock of
nine month old under poly mist house condition showed maximum leaf area (8.5 cm?).
It was found that poly mist house condition with ten month old rootstock proved to be
best by evaluating the interaction effects of growing condition and rootstock age. It
took the lowest number of days for success of graft (19.4). Lower leaf area (4.3 cm?)
was noticed on ten month old rootstocks under open condition. Lower number of

leaves (8.5) was observed under open condition on rootstocks of five month old.

Angadi and Rajeshwari (2012) concluded that softwood grafting in jamun
could be standardized under poly mist house condition throughout the year. Higher
graft success per cent and survival of grafts obtained from eleven to nineteen month

old rootstock during April to November respectively.
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According to Uchoi et al. (2012), a study on softwood grafting in jamun
revealed that maximum per cent of graft success (99%) was observed during the
month of January by keeping the grafts inside the low cost polyhouse. Maximum
number of leaves (12.23) per graft noticed in grafts kept inside the shade net house
during January month. Grafts kept under open (natural shade) condition during the
month of December reported least number of leaves (5.85). Grafts of jamun kept
under shade net house condition during the month of December noted least (70%)
success of grafts.

Beera et al. (2013) revealed that in wedge grafting of guava there was an
impact of grafting time and environment on the success of graft. Graft sprouting at
maximum per cent level was noticed in 15" February by grafting under controlled
environment (when scion shoot covered with poly tube). Graft sprouting at minimum
per cent level was found in 15" January under natural environment condition. Graft

mortality per cent was found minimum in 15" March under open field condition.

Anushma et al. (2014) had carried out a study to find the effect of various
coloured shade nets like red, white, green, black and blue on graft take. From the
study it is revealed that graft take and graft growth parameters are significantly
influenced by different coloured shade nets. Highest graft success (72.50%) was
noticed in grafts which are kept under red coloured shade nets. Grafts kept under blue
shade net showed least graft success (47.50%). Higher number of leaves per graft was
found in grafts kept under white shade net at 30 days after grafting and 60 days after
grafting (5.6 and 8.96 respectively). At 90 days after grafting, grafts under red shade
net (12.00) reported highest number of leaves. Grafts under blue shade net (8.22)

noted minimum number of leaves.

Sivudu et al. (2014) had studied success and survival of mango grafts prepared
through veneer grafting by altering structural conditions. The results indicated that
among the five structural conditions studied, naturally ventilated polyhouse condition
at 90 days after grafting showed best results. It recorded significantly highest increase
in survival per cent (67.18%), number of grafts sprouted (71.27%), length of sprout
(6.06 cm), number of leaves per graft (17.34), minimum days needed for graft
sprouting (12.11 days) and graft height (17.92 cm) at 90 days after grafting. Open
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condition at 90 days after grafting showed minimum survival per cent of grafts by

veneer grafting.

Chander et al. (2016) illustrated that in jamun grafts under mist chamber
showed highest graft success (72.51%) and graft survival (67.88%). Minimum
survival of graft (64.09%) and minimum success of graft (61.82%) were noticed under

open condition.

Wedge grafting of Guava, under polyhouse condition gave better result than
open field condition with respect to growth parameters like survival per cent of
graft (60.69), sprouting per cent (65.50), number of days taken to graft sprout
(13.27), height of graft (23.96), graft take per cent (68.27), girth of graft (1.31) and
number of leaves per new shoot (12.46) (Gotur et al., 2017).

Mahesh et al. (2017) performed softwood grafting in various mango varieties
in both polyhouse and shade net under northern dry zone of Karnataka. From the
results it was clear that under polyhouse condition grafts on 15" August (72.60 and
66.00) noticed highest graft survivability (%) at 90 and 120 days after grafting
whereas, the lowest graft survivability (%) noted on 30" September (60.30) and on
30" August (54.40) grafted plants at 90 and 120 days after grafting. Highest graft
survivability (%) reported in Baneshan (81.00 and 74.13) at 90 and 120 days after
grafting whereas, the lowest graft survivability (%) noticed in Khadar (48.00 and
43.60) at 90 and 120 days after grafting under shade net condition.

Manga et al. (2017) carried out an experiment which was based on the
significant influence of various propagation environment for softwood grafting in
guava cv. Sardar. Graft success at maximum level and maximum survival per cent
was obtained in mist house eco system (62.00 and 97.40% respectively) followed by
shade house (48.00 and 95.00% respectively). Grafts under poly tunnel showed
minimum graft success and minimum graft survival per cent (10 and 41.67 %)
respectively. Grafts grown under mist house eco system showed maximum number of
sprouts (4.62), maximum number of leaves (21.60) and highest length of sprout (6.30

cm).
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Wedge grafting of guava by growing the grafts under shade net and polyhouse
conditions showed that grafting done during the month of January provided higher
graft survival per cent and success rate. Grafts under shade net condition showed
maximum per cent of sprouting of grafts (18.57%), minimum number of days taken
for 50 per cent of graft sprouting (29.80 days), number of flushes per sprout (2.10)
compared to the grafts kept under poly house condition (Vanaja et al., 2017).

Jalal et al. (2018) conducted a study to determine the influence of growing
environment in propagation of different cultivars of aonla (NA-7 and Francis). The
grafting was done by cleft grafting and tongue grafting under polyhouse and open
field conditions. Grafts under polyhouse condition reported maximum (0.88 cm)
rootstock diameter, minimum time (11.61 days) taken for bud sprout and 100 % graft
take. The grafts made under open field condition showed maximum (37.00) number of

leaves, maximum scion diameter (0.75) and highest graft survival (80.00%).

Praveenakumar et al. (2018) carried out a study to find the influence of
environmental condition and seasonal variability of softwood grafting in jamun. The
results indicated that optimum temperature for grafting success was in treatment july
+ low cost polyhouse (29.69°C) and treatment july + low cost polyhouse with highest
relative humidity (98.83%). Highest relative water content observed in the treatment
june + open field (91.10 g) and highest chlorophyll content was noticed in the
treatment june + low cost polyhouse (46.33u mol per m2).

Parmar et al. (2019) reported that in case of mulberry, growing conditions
affected the success percent of graft survival by softwood grafting method. Among the
growing conditions, poly house with poly cap noticed maximum number of fully
opened leaves on scion (9.91 and 16.68 per plant). Survival per cent of grafts (63.41
and 61.16) and maximum number of shoots per plant (3.78) at 90 days after grafting
was shown by growing condition of poly house with poly cap. Same growing
condition recorded maximum increase in scion length (10.98, 28.00 and 48.91 cm) at
30, 60 and 90 days after grafting respectively. Incremental girth of scion (3.82, 6.15
and 6.89 mm) and incremental girth of rootstock (5.13, 6.21 and 8.01 mm,
respectively) were also significantly maximum at this condition at 30, 60 and 90 days

after grafting respectively.
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2.2.2 Effect of environmental conditions on softwood grafting of sapota

A study was conducted by Shankararao (2012) on standardization of period
for soft wood grafting of sapota in shade net house, polyhouse and open conditions. It
was clear from the study that September month was suitable period for grafting sapota

for maximum success and had higher vegetative growth.

Kalalbandi et al. (2014) carried out softwood grafting of sapota var. Kalipatti
under 50% shadenet house condition using khirni seedling of 18 months old as stock
and 15 days prior defoliated scion stick of 8 cm length and 8 mm in diameter. It gave
maximum number of leaves per graft (14.44), sprout length (9.48), success per cent of
graft (64.66), early bud sprout and graft survival per cent (64.21) which was done in

the months of August and September under Marathwada conditions.

A study conducted by Nitish et al. (2019) in softwood grafting on invigorated
khirni rootstocks of sapota performed under polyhouse and shade net using two
different scion length (15 and 10 cm) during different month of grafting (May, June,
July and August). The grafts propagated under polyhouse using scion of length 10 cm
during the month of July showed maximum number of leaves and early sprout of
grafts. The grafts under polyhouse propagated by using scion of length 15cm during

the month of July noticed maximum graft height (above the union).

Ashutosh et al. (2020) experimented influence of different environmental
conditions on performance of sapota softwood grafts on invigorated khirni rootstock.
Four different environmental conditions like poly house condition, open condition,
partial shade condition and partial shade (tree shade) were considered. Two decaping
height of invigorated khirni rootstocks of 10 cm and 15 cm from ground level were
evaluated. Maximum scion length(20.20 cm) was noticed in poly tunnel and decaping
height at 15 cm from ground level. Minimum scion length (12.16 cm) was observed in

open condition and decaping height at 10 cm from ground level.

Mithapara and Karetha (2020) revealed that among different environmental
conditions grafts kept at polyhouse recorded minimum number of days needed for

sprout emergence (10.34), maximum survival per cent (43.44%), minimum mortality
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(59.83%) and highest success rate (44.00%) at 30, 60, 90 and 120 days after grafting

compared to open field and net house conditions in sapota.
2.3 Cultivars
2.3.1 Effect of cultivars on grafting of fruit crops

According to Prasanth et al. (2007) softwood grafting of mango performed
during different time in three mango cultivars showed that Mallika has highest per
cent of sprouting (68.90%) and graft take (40.52%) whereas lowest was noticed in

Baneshan.

Jagannath et al. (2011) conducted a work to find out the effect of various
mango cultivars on success of grafting by softwood method. Maldah followed by
Amrapali showed maximum survival per cent. Chausa showed minimum success and
survival per cent. Maximum number of leaves (14.05) was noticed in Mahmood bahar

and minimum (11.93) in Prabhashankar.

Response of different mango varieties on softwood grafting indicated that
success per cent of graft was found maximum in Kesar and minimum in Local-4.
Minimum days required for sprouting was observed in Dashehari and maximum was

found in Rajapuri (Prajapati et al., 2014).

Kholia et al. (2017) reported that softwood grafting was done by taking the
scion from three different guava cultivars like L-49, Lalit and Shweta. It provided the
result as the maximum final graft survival (93.34 %) and maximum per cent of bud

sprouting (96.25%) with the scion of cultivar Shweta.
2.3.2 Effect of cultivars on softwood grafting of sapota

Ghosh et al. (2010) found out the significant variation in success of softwood
grafting among ten sapota cultivars. By evaluating ten cultivars, CO-2 performed
more compatibility with khirni rootstock to softwood grafting followed by Cricket
Ball and DSH-2. Sapota cultivars like CO-1, DSH-1 and Guthi showed failure in graft
take.
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2.4 Scion precuring
2.4.1 Effect of scion precuring on grafting of fruit crops

Desai and Desai (1989) found out that defoliation of scion prior to softwood
grafting in jackfruit did not show any significant difference in graft growth and
success compared to undefoliated condition of scion stick. So it was not required
under Konkan conditions for softwood grafting of jackfruit.

Influence of defoliation of scion on the success of grafting of lime showed that
scions defoliated 6 days before grafting had highest graft success (90.50%) and graft
survivability (89.36%). Scions defoliated on the same day of grafting gave lowest
graft success (77.83%) and graft survivability (77.67%) (Nahar et al., 2015)

Mane and Nalage (2017) conducted a study of soft wood grafting in tamarind
on defoliation period. Defoliation done on eight days prior to grafting reported
maximum growth, survival per cent and sprouting per cent than four days prior to

grafting and defoliation done on the day of grafting.

Interaction effect of scion length, polytube capping and defoliation period
affected parameters like girth of sprout, length of sprout, total height of graft and
number of leaves per grafts etc.in case of wedge grafting of mango cv. Dashehari. The
result revealed that eight days defoliation duration combined with 21 cm length of
scion with polytube capping gave maximum height of graft (59.23 cm), maximum
leaves per graft (11.81) and maximum length of sprout (18.31 cm) (Mishra et al.,
2017)

Chavda et al. (2018) put forward a study to find out the influence of
defoliation and storage of scion on softwood graft of jamun var. Goma Priyanka.
Among different treatments of defoliation and scion storage one day stored scion with
defoliated condition showed individual superiority in growth parameters like
maximum number of leaves, leaf area and minimum days required for leaf emergence.
It can be used in jamun for better growth and graft sprouting through softwood
grafting.
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Tandel et al. (2020) laid out an experiment to find the impact of defoliation
and scion storage on survival and sprouting through softwood method of mango var.
Sonpari. Among different treatments twelve days prior defoliated scion of mango
without any storage treatment, showed better results. It took minimum days to
sprouting, maximum sprouting per cent, maximum number of leaves, leaf area, and

graft survival per cent.
2.4.2 Effect of scion precuring on softwood grafting of sapota

Pampanna and Sulikeri (2001) reported the effect of precuring treatments on
success of sapota variety Kallipatti. The result showed that ten days prior defoliation
with fresh scion without storage showed minimum number of days for graft sprout
(29.67). Number of leaves of scion (18.25 leaves per graft) and height of scion
(17.30cm) were found maximum in ten days prior defoliation combined with fresh

scion.

Tanuja and Thippesha (2016) conducted a study to know the effect of
precuring of scion in softwood grafting of sapota and it was clear from the study that
precuring of scion was more beneficial for higher success rate along with better
overall graft growth. Among different days cured scions, ten days cured scions
showed minimum days for initiation of sprouting. Ten days cured scions also showed
maximum number of sprouts at 30 (1.55), 60 (2.08) and 90 (2.45) days after grafting.
Maximum number of leaves and leaf area index at 60 (5.30) (2.13) and 90 (6.55)
(2.78) days after grafting and maximum length and breadth of leaves at 60(2.78cm)
(3.59cm) and 90 (6.73 cm) (3.79cm) days after grafting also noticed in cured scion of
ten days. Parameters like maximum percent graft success at 30 (68.75%), 60 (65.00%)
and 90 (62.50%) days after grafting, maximum survival per cent of grafts (84.00%),
maximum height of the graft at 30 (36.50 cm), 60 (36.85 cm) and 90 (38.47 cm) days
after grafting and maximum girth of scion at 60 (4.74 mm) days after grafting were

also recorded when grafting in sapota was performed with ten days cured scion.

An experiment of scion precuring on softwood grafting of sapota done by
Ghritlahare and Anant (2018) indicated that among various scion precuring treatments

(allowed to remain on the plant with defoliation) growth of scion was maximum (2.61
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cm and 4.69 cm) at 60 and 120 days after grafting which was observed in ten days

procured scions.
2.5 Role of cytokinin on plant growth

Nieminen et al. (2008) studied cytokinin signaling across the cambial zones
of two tree species, poplar and birch which indicated that the reduced radial growth
associated with less number of cambial cell layers. Thus, a reduced amount of
cytokinin signaling is the main basis for the impaired cambial growth. Cambial

development is primarily controlled by cytokinins.
2.5.1 Effect of cytokinin application on vegetative propagation of fruit crops

Kumar et al. (2017) had done a study on effect of cytokinin on budding and
growth of bael. Study revealed that most significant treatment was BA at 50 ppm
concentration as foliar spray on rootstocks of bael. The treatment of BA (50 ppm)
with rootstocks showed early bud breaking (10.67 days), maximum scion growth
initiation (87.50%), maximum bud sprouting per cent (100%), more number of leaves
(7.13), maximum diameter of sprouted scion (2.53 mm) and length of sprouted scion
(22 cm) 30 days after budding.

2.5.2 Effect of cytokinin application on grafting of fruit crops

Kose and Guleryuz (2006) reported the influence of hormones like cytokinins
and auxins on graft union and root formation of grafted cuttings of four different grape
vine graft combinations by dipping cut grafted surfaces of both the scion and
rootstock. The result of study showed that, treatment of cut surfaces with Ki and BA
(250 and 500 mg per litre) enhanced callus proliferation rapidly between rootstock and
scion of graft for the 1000 mg per litre concentrations. But, NAA and IBA improved
root formation of grafted cuttings at the basal end.

A study was done to determine the effect of the plant growth regulators on
graft union of breadfruit. Indole butyric acid (IBA) (100 ppm and 200 ppm) and 6-
benzylaminopurine (BAP) (200 ppm) are the treatments applied. This was not
positively affected the length of survival of the newly grafted plants while comparing

with the control treatment (0 ppm) (Solomon et al., 2013)
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The study of Le Khandu Thongdok et al. (2016) revealed that dipping of scion
stick in BAP 20mg/litre+750mg/litre ZnSO, was very effective in case of epicotyl
grafting of mango for early graft sprouting (8.07) maximum number of graft sprouts
(18.00), higher survival per cent of grafts (81.67) and lower mortality (18.33) of CV.
Kesar.

Sunitha et al. (2016) conducted a study to evaluate the beneficial effect of
cytokinins and silver nitrate on graft union of grape cutting (Thompson Seedless var.)
on Salt creek under polyhouse condition. The treatments include concentrations of
kinetin (150 ppm, 250 ppm and 350 ppm), BAP (150 ppm, 250 ppm and 350 ppm),
silver nitrate (50 ppm, 100 ppm and 150 ppm) and control. From the study results
indicated that cuttings treated with kinetin at 250 ppm followed by BAP at 250 ppm
under polyhouse condition showed potential effect on the early graft union and growth
parameters like survival per cent of grafts (63.33), increase in success rate of number
of days taken for bud sprout (18.75), stock: scion ratio (0.84).

Sunitha et al. (2016) had done the application of cytokinins and silver nitrate
on success of graft union of Thompson Seedless grape cuttings on Dogridge under
open and poly house conditions. Among the different concentration of chemicals,
application of cuttings with kinetin 250 ppm followed by BAP 250 ppm reported
potential effect on the early graft union and other growth parameters of grafts grown
under polyhouse condition compared to open condition.
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Materials and Methods



3. MATERIALS AND METHOD

The present study entitled on “Refinement of softwood grafting technique in
sapota (Manilkara zapota L.)” was performed during the period from November 2020
to June 2021 at Department of Fruit Science, College of Agriculture Padannakkad,
Kasaragod (Dt.). The experiment was carried out with the main objective to find out
the best practice for improving the success per cent in softwood grafting of sapota
cultivars by applying different environmental conditions and to evaluate the effect of
cytokinin for improving success of sapota grafting. The experiment could not start in
time during 2020 due to Covid-19 pandemic; hence the study was carried out during
offseason period (November 2020 - April 2021) with all required facilities. The details
of materials utilised and methods adopted during the investigation are given below.

3.1 Experimental site

The study was done in the instructional farm of College of Agriculture,
Padannakkad located in northern part of Kerala at an elevation of 20m above mean
sea level, at 12 ® 20’30 ” N latitude and 75° 04 *15” E.

3.2 Climatic condition

The College of Agriculture, Padannakkad experiences a humid climate which
comes under tropical humid region. It belongs to NARP Northern zone of the state
of Kerala and AZ 109" climatic zone of the country.

3.3 Experimental material
3.3.1 Polyhouse

Sapota grafts were kept under Polyhouse condition with 510 m2 size (200

micron thickness)
3.3.2 Polytunnel

Soon after grafting, plants were transferred to two polytunnels having
dimensions of 3m length,0.75m height and 1.06m breadth. These polytunnels were

placed inside the polyhouse. It was prepared completely air tight by proper closure of
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side parts without the influence of external factors. After one month, depending up on

the visibility of sprouts the grafts were shifted outside.
3.3.3 Shade net house

The grafts kept under polytunnel were transferred to a shade net house (60 %
shade) with dimension of 4.27m length, 0.55m breadth and 2.24m height after a

period of one month.
3.4 Preparatory operations
3.4.1 Selection of rootstock

One year old vigorous khirni seedlings raised in polybags (6 X 8 inches)

having pencil thickness were selected as rootstocks.
3.4.2 Selection of scion

Healthy mother plants of sapota having high yield and mature vigorous
terminal shoot with greenish brown colour and well developed buds of current season
growth was used as scion. Scion should be free from pest and disease.

3.4.3 Collection of scion

Scion shoots were collected directly from sapota mother plant during the
morning hours on the day of softwood grafting operation. A sharp secateur was used
for detaching the scion from mother plant and wrapped in newspaper. Scions were
kept in polythene bags and carried to site of grafting. Grafting was performed on the
same day of scion collection.

3.4.4 Softwood grafting procedure

Sapota tree of Oval, Pala, and Cricket Ball cultivars were considered as mother
tree from which mature and vigorous scion sticks of uniform length (8-10 cm length)
were detached on the day of grafting and collected in a container with water to avoid
dessication. Rootstock of one to one and a half year old healthy khirni (Manilkara
hexandra L.) seedlings of uniform growth were used for grafting purpose. Top portion
of rootstock seedlings were decapitated. Using a sharp grafting knife the upper part of

rootstock was splitted vertically to a length of 4 to 5 cm forming “V” shape. Scion
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Defoliated & non
defoliated scion

Khirni rootstock

Plate 1b:Rootstock preparation



Non defoliated graft Defoliated graft

Plate 1: Procedure of softwood grafting followed in sapota



Plate 2e: After transferring to shade condition (180 DAG)

Plate 2:Varoius stages of aftercare operation



shoot having similar thickness of rootstock with 10 days prior defoliation or
defoliation on same day of grafting or without defoliation as per treatment were used.
A wedge cut of about 4 to 5 cm at lower end of scion was made by removing bark and
little wood from two opposite side in such a way that cut end of scion should be of
paper thickness. Then scion was inserted properly into the silt of rootstock. After
making sure their perfect contact, then it was tied with transparent polythene strip

and secured firmly. Observations were taken at monthly interval upto 180 DAG.
3.4.5 Aftercare of grafts

In the first experiment, to compare the variation in success rate of grafts of
three cultivars they were placed under open, polyhouse and polytunnel conditions with
or without defoliation treatments. Defoliated grafts which were placed under open and
polyhouse conditions were covered with polythene tubes for maintaining humidity
which was removed after observing new sprout. In the second experiment, cytokinin
applied at different concentration grafts without scion defoliation were placed under
polytunnel for 1 month period. In both experiments, grafts kept under polytunnels (3m
length, 0.75m height and 1.06m breadth) which were covered tightly with transparent
polythene sheet. Grafts were placed on a slightly raised soil floor of polytunnel which
was irrigated properly before placing the grafts on it. Polytunnel was watered

frequently from the outside.

After 1 month of grafting polytunnel was opened gradually by slightly opening
the polythene sheet from one corner of polytunnel. Remaining portion was opened in
the following days. The grafts were then transferred to outside of polytunnel under
shade net condition and provided adequate irrigation. Removal of new growth
originating from rootstock portions was done regularly. Weeding and optimum
irrigation to all grafts had done regularly. Adequate plant protection measures were
taken at proper time when incidence of pest and disease was observed. Nimbecidine (4

to 5ml per litre) at weekly interval was applied to prevent attack of leaf blotch miner.
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3.5 Experiment details

In both experiments grafting was performed under open condition and then
they were transferred to corresponding environmental conditions (open, polyhouse,
polytunnel followed by shade net). Grafts under polytunnel were shifted to shade net

after 1 month.

3.5.1 Experiment 1: Role of varieties and environmental conditions on success of

sapota grafting

The experiment was performed to find out the influence of varieties and
environmental conditions on the success of sapota grafting. This was done by

applying various environmental conditions and scion precuring in different sapota

cultivars.
Location : College of Agriculture Padannakkad, Kasargod
Design : Factorial CRD experiment
Factors : 3 factors

Replications : 2 (15 grafts each)
3.5.1.1 Treatment details of experiment 1

Selected scions from mother plant of Oval, Pala and Cricket Ball cultivars had
undergone defoliation as a part of precuring treatments. Defoliation was carried out on
the same day and 10 days prior to grafting. Scions without any defoliation treatment
were also used for grafting. After grafting, grafts were placed under various
environmental conditions like open, polyhouse and polytunnel (for 1 month period

after in shade condition).
Factors
Factor 1- Environmental conditions
C, - Softwood grafting under open conditions

C, - Softwood grafting under polyhouse conditions
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C; - Softwood grafting under polytunnel conditions followed by shade net

Factor 2 -Cultivars

V; - Cricket Ball

V, - Pala

V3 - Oval

Factor 3 -Scion precuring

S, - Defoliation 10 days prior to grafting

S, - Defoliation followed by grafting on the same day
S5 - Without defoliation

Total number of treatment combinations=27

3.5.1.2 Observations recorded

Temperature and humidity of environmental conditions were observed for one
month after grafting. Observations like number of leaves per grafts, length of scion
shoot (cm), leaf area (cm?), height of graft (cm), girth of stem graft (cm), length of
leaves (cm), breadth of leaves (cm), number of successful grafts were recorded at
30,60, 90, 120 ,150 and 180 DAG. Success percentage (%) was noticed at 90 DAG
and survival percentage (%), fresh weight (g) and dry weight (g) were recorded at 180
DAG. Observations were made by taking mean value of successful grafts with
uniform growth in each treatment of replication. The parameters recorded were as

follows:

3.5.1.2.1 Temperature

Temperature of environmental conditions where the grafts were kept was taken
up to 30 DAG in weekly intervals using thermo hygrometer apparatus.
3.5.1.2.2 Humidity

Humidity of environmental conditions where the grafts were kept was taken up
to 30 DAG in weekly intervals using thermo hygrometer apparatus.
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3.5.1.2.3 Number of leaves per grafts

Number of leaves was observed from selected grafts plants up to 180 DAG
monthly intervals.
3.5.1.2.4 Length of scion shoot (cm)

Length of scion shoot was recorded using a centimetre scale from selected
grafts plants up to 180 DAG in monthly intervals.
3.5.1.2.5 Height of graft (cm)

Graft height was measured using a centimetre scale up to 180 DAG in monthly
intervals.
3.5.1.2.6 Girth of stem graft (cm)

Girth of stem or stem diameter of graft plants were recorded using a thread.
Observations continued up to 180 DAG in monthly intervals.
3.5.1.2.7 Length of leaves (cm)

Maximum length was recorded as length of leaf. Length of physiologically
matured leaves of grafted plants were measured using a centimetre scale up to 180
DAG in monthly intervals.
3.5.1.2.8 Breadth of leaves (cm)

Middle part of leaf showing maximum breadth were taken. Physiologically
matured leaves of grafted plants were recorded using a centimetre scale in monthly
intervals up to 180 DAG.
3.5.1.2.9 Leaf area (cm?)

Leaf area was calculated by linear measurement method. Length (L) and
breadth (B) of leaves at maximum multiplied with leaf area constant give the area of
leaf. Leaf area constant is a constant (K) which is specific for each crops.
Observations are taken up to 180 DAG in monthly intervals.

Leaf area= LX BX K
3.5.1.2.10 Number of successful grafts

Number of successful grafts were noticed periodically at 30,60,90,120,150 and
180 DAG.
3.5.1.2.11 Success percentage (%)

Success percentage of grafts was measured at 90 DAG.
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Success percentage = Total number of successful grafts X 100

Total number of grafts
3.5.1.2.12 Survival percentage (%)
Survival percentage of grafts was measured at 180 DAG.

Survival percentage =Total number grafts survived X100

Total number of grafts
3.5.1.2.13 Fresh weight ()

Fresh weight of three randomly selected grafted plants in each treatment were
measured in grams with help of digital balance at 180 DAG.

3.5.1.2.14 Dry weight (g)

Dry weight of three randomly selected grafted plants in each treatment were
measured in grams with help of digital balance at 180 DAG. This was done by cutting
the plants followed by drying in oven at temperature range of 80° ¢ for 4-5 days till
reaching a constant weight. After this, weight was measured using an electronic
balance and average value was calculated.

3.5.2 Experiment 2: Effect of cytokinin for improving success of sapota grafting

The experiment was carried out to study the influence of cytokinin for
improving success of softwood grafting in sapota Cricket Ball cultivar. This was done

by applying different concentration of cytokinin at different days of application.

Location : College of Agriculture Padannakkad, Kasaragod
Crop : Sapota- Cricket Ball cultivar
Design : Factorial CRD

Replications : 2 (15 grafts each)

3.5.2.1 Treatment details of experiment 2
Factors

Factor 1: Concentration of Cytokinin

P, :100 ppm

P, :150 ppm

P3 :200 ppm

P, :Control
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Factor 2: Days of application
D, :0" day prior to grafting (Dipping treatment of cytokinin on scion)
D, :5" day prior to grafting (Spraying of cytokinin on scion)
D5 :10" day prior to grafting (Spraying of cytokinin on scion)
Total number of treatment combinations=12
3.5.2.2 Preparation of solution of plant growth regulator cytokinin

The hormonal solution is prepared by using cytokinin in the form of BAP.
Initially 1000 ppm stock solution of BAP was prepared by weighing 1000 mg (1g)
BAP with the help of digital balance and dissolving it into 5 ml 0.1 per cent NaOH.
The solution were made upto 1litre by adding distilled water. Application of BAP
solution in 100 ppm, 150 ppm and 200 ppm was done by making it into 2 litre
volume. 100 ppm, 150 ppm and 200 ppm BAP solution of 2 litre volume each is
prepared by pipette outing 200ml, 300ml ,400 ml respectively from stock solution and
made to 2 litre by adding distilled water.

3.5.2.3 Scion treatment by cytokinin

Application of cytokinin treatment on scion at 100,150 and 200 ppm were done
on 10" 5™ and 0™ day prior to grafting. Spraying of cytokinin on scion was done on
10" and 5™ day prior to grafting and dipping treatment of cytokinin on scion was done

on 0™ day prior to grafting.
3.5.2.4 Observations recorded

Observations like number of leaves per grafts, length of scion shoot (cm), leaf
area (cm?), height of graft (cm), girth of stem graft (cm), length of leaves (cm),
breadth of leaves (cm), number of successful grafts were noticed periodically at 30,60,
90, 120 ,150 and 180 DAG. Success percentage (%) was observed at 90 DAG and
survival percentage (%), fresh weight (g) and dry weight (g) were recorded at 180
DAG. For taking observations, mean value of successful grafts with uniform growth
in each treatment of replication is considered. Parameters observed under present

study were follows:
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3.5.2.4.1 Number of leaves per grafts

Number of leaves was observed from selected graft plants up to 180 DAG in
monthly intervals.
3.5.2.4.2 Length of scion shoot (cm)

Length of scion shoot was recorded using a centimetre scale from selected
graft plants upto 180 DAG in monthly intervals
3.5.2.4.3 Height of graft(cm)

Graft height was measured using a centimetre scale up to 180 DAG in monthly
intervals.
3.5.2.4.4 Girth of stem graft (cm)

Girth of stem or stem diameter of graft plants were recorded using a thread.
Observations continued upto 180 DAG at monthly intervals.
3.5.2.4.5 Length of leaves (cm)

Middle part of leaf showing maximum length was recorded as length of leaf.
Length of physiologically matured leaves of grafted plants were measured using a
centimetre scale upto 180 DAG at monthly intervals.
3.5.2.4.6 Breadth of leaves (cm)

Maximum breadth of physiologically matured leaves of grafted plants were
recorded using a centimetre scale at monthly intervals up to 180 DAG.
3.5.2.4.7 Leaf area (cm?)

Leaf area was calculated by linear measurement method. Length (L) and
breadth (B) of leaves at maximum were multiplied with leaf area constant provided
area of leaf. Leaf area constant is a constant (K) which is specific for each crops.
Observations were taken up to 180 DAG in monthly intervals.

Leaf area= LX BX K
3.5.2.4.8 Number of successful grafts

The grafts which were successful were measured up to 180 DAG in monthly
intervals.

3.5.2.4.9 Success percentage (%)

Success percentage of grafts was measured at 90 DAG.
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Success percentage = Total number of successful grafts X 100
Total number of grafts

3.5.2.4.10 Survival percentage (%)
Survival percentage of grafts was measured at 180 DAG.

Survival percentage =Total number of survived grafts X 100

Total number of grafts
3.5.2.4.11 Fresh weight (g)

Fresh weight of three randomly selected grafted plants in each treatment were
calculated in grams with help of digital balance at 180 DAG.
3.5.2.4.12 Dry weight (g)

Dry weight of three randomly selected grafted plants in each treatment were
observed in grams with help of digital balance at 180 DAG. This was done by cutting
the plants followed by drying in oven at temperature range of 80°c for 4-5 days till
reaching a constant weight. After this, weight was measured using an electric balance
and average value was calculated.

3.6 Statistical analysis

The observations recorded were subjected to statistical analysis to find the
significant differences between the treatments using GRAPE software (prepared by
KAU) and OPSTAT software.
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4. RESULTS

The present study entitled “Refinement of softwood grafting technique in
Sapota (Manilkara zapota L.)” was carried out at college of agriculture Padannakkad
Kasaragod during 2019-2021. The first experiment included three environmental
conditions viz. open, polyhouse and polytunnel followed by shade net with three
cultivars viz. Cricket Ball, Pala and Oval and three scion precuring treatments viz.
defoliation 10 days prior to grafting, defoliation followed by grafting on the same day
and grafting without defoliation. Second experiment comprised of different
concentration of cytokinin at 100 ppm, 150 ppm, 200 ppm and control levels with
different days of application like 0" day, 5" and 10" day prior to grafting. The results
are presented in this chapter.

4.1 Experiment 1
4.1.1 Number of leaves per graft

The data showing number of leaves of graft influenced by environmental
conditions, different cultivars and scion precuring treatments from 30 to 180 DAG are
given in Table 1. Data indicated significant differences between environmental
conditions, different cultivars and scion precuring treatments and among their
interactions during the growth stages from 30 DAG to 180 DAG.

4.1.1.1 Effect of Environmental conditions

The observation on number of leaves at 30 DAG revealed that C; -polytunnel
had higher (5.41) number of leaves followed by C.-polyhouse (3.51). Least humber
(1.67) was observed with C; (open). The trend was similar at 60, 90, 120, 150 and
180 DAG. At 180 DAG, grafts under C5 -Polytunnel had 14.79 leaves, whereas graft
under open condition had only 8.33 leaves.

4.1.1.2 Effect of cultivars

Among the cultivars, Pala (V2) had higher (3.61) number of leaves at 30 DAG
which was statistically on par with V1 (3.53). Least number of leaves was observed
with variety V3 Oval which was statistically on par with V1 Cricket Ball (3.53).
Similar trend was observed at 60 DAG. At 90 DAG number of leaves was highest
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(5.86) in V4 -Cricket Ball which was on par with V2 (5.81). V3 (Oval) had least (5.79)
number of leaves. The differences between the cultivars regarding number of leaves
were statistically insignificant at 120 DAG. Cricket Ball (V1) had higher number of
leaves (9.30) followed by both V3 (9.0) and Pala (9.0) at 150 DAG. At 180 DAG,
Cricket Ball (V1) had higher number of leaves (11.05), followed by V3 (10.90). Least
was observed with V> Pala (10.55).

4.1.1.3 Effect of precuring

Among precuring treatments, S; defoliation 10 days prior to grafting was
found to be better (3.89), followed by S defoliation followed by grafting on the same
day (3.53) at 30 DAG. Least number of leaves was seen in Sz without defoliation.
Similar trend was recorded at 60, 90,120, 150 and 180 DAG. Defoliation 10 days prior
to grafting (S1) had 13.69 leaves while in Sz without defoliation only 5.92 leaves were

present on an average at 180 DAG.

4.1.1.4 Interaction effect of environmental conditions under which grafts are kept

and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, leaf production differ according the
environmental condition in which grafts are kept. The treatment combination, Cz V;
(Polytunnel + Oval) showed higher (5.47) number of leaves. The trend was similar up
to final growth stages. C; V3 was statistically on par with C; V; -Polytunnel +
Cricket Ball (5.37) and C3 V, -Polytunnel + Pala (5.40) at 30 DAG. Least (1.49)
number of leaves was in C1V3 Open condition + Pala at 30 DAG. At 180 DAG,
C; V3 (Polytunnel + Oval) had the highest (15.3) number of leaves followed by
Cs V; - Polytunnel + Pala (14.42). Least was observed with C1V3 (7.88).

4.1.1.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

The interaction between environmental conditions under which grafts were
kept and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open condition (C1Ss) could not survive. They dried off

completely. Those grafts without defoliation and kept in poly house condition (C2S3)
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also dried off. Grafts without defoliation could only survive under poly tunnel
condition (CsS3). Highest number of leaves was found in C3Sz (9.50) at 30 DAG.
Lowest (2.38) number of leaves was in grafts kept under poly house with same day
defoliation (C; S, ). Similar results were observed up to 180 DAG. Number of leaves
was highest in C3S3 (17.78) and lowest (12.10) number of leaves was in grafts kept
under poly house with same day defoliation (C, S, ) at final stage of growth.

4.1.1.6 Interaction effect of cultivars and precuring

Varietal response to leaf production of grafts under different precuring
treatments differed significantly. Highest leaf production (4.19) was in Pala with
defoliation 10 days prior to grafting (V2S1) at 30 DAG. This was followed by V1S:
Cricket Ball with defoliation 10 days prior to grafting (3.87). Least was in Pala
without defoliation (3.05). Similar results were observed at 60 DAG , 90 DAG and
120 DAG. Higher number of leaves (9.36) was observed in Pala with defoliation 10
days prior to grafting (V2S1) which was on par with V3S; Oval with defoliation 10
days prior to grafting (9.29) at 120 DAG. Lowest number of leaves (4.24) was
recorded in Pala without defoliation (V2S3). Highest number of leaves (11.67) was
recorded with Cricket Ball with defoliation prior to 10 days of grafting (V1S1) which
was on par with Oval with defoliation 10 days prior to grafting (11.41) at 150 DAG.
V>S3 Pala without defoliation (5.00) and V3Ss Oval without defoliation had the lowest

number of leaves. Similar results were observed at 180 DAG.
4.1.1.7 Interaction effect of environmental conditions, cultivars, scion precuring

The grafts without defoliation of cultivars Cricket Ball, Pala and Oval kept
under open condition did not survive after grafting (C; V; S;, C; V2 S3 and
C;: V3 S3). Also the grafted plants without defoliation of cultivars, Cricket Ball, Pala
and Oval kept under poly house condition did not survive after grafting (C, V; Sz,
C, V., S3 and C, V3 S3 ). Those grafted plants wherein grafting was done without
defoliation could survive only under the polytunnel condition.
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Table 1. Effect of environmental conditions, cultivars, scion

precuring and their interactions on mean number of leaves

Factors 30 days | 60days | 90days | 120days | 150days | 180days
Factor C

C 1.67 2.47 3.58 481 6.27 8.33
G, 351 4.43 5.29 6.58 8.07 9.38
G 5.41 6.91 8.59 10.79 12.95 14.79
C.D(0.05) 0.08 0.05 0.05 0.19 0.08 0.09
SEm (%) 0.02 0.02 0.01 0.06 0.02 0.03
Factor V

A 3.53 453 5.86 7.28 9.30 11.05
V, 3.61 4.66 5.81 7.40 9.00 10.55
Vs, 3.45 461 5.79 751 9.00 10.90
C.D(0.05) 0.08 0.05 0.05 NS 0.08 0.09
SEm (%) 0.02 0.02 0.01 0.06 0.02 0.03
Factor S

S 3.89 5.51 7.11 9.18 11.48 13.69
S 3.53 4.66 6.37 8.41 10.60 12.88
Ss 3.16 3.64 3.98 459 521 5.92
SEm (%) 0.02 0.02 0.01 0.06 0.02 0.03
C.D(0.05) 0.08 0.05 0.05 0.19 0.08 0.09
Factor CXV

Ci Vy 1.65 2.42 351 453 6.35 8.65
Ci V, 1.86 2.82 3.86 5.31 6.61 8.47
C, Vs 1.49 2.18 3.39 4.58 5.85 7.88
C, Vy 3.57 4.37 5.56 6.59 8.22 9.85
C, V, 3.56 447 514 6.50 7.79 8.77
C, Vs 3.40 4.44 517 6.65 8.22 9.53
C; Vi 5.37 6.82 8.51 6.65 8.22 9.53
C: V, 5.40 6.71 8.45 10.39 12.60 14.42
C; Vs 5.47 7.19 8.81 11.29 12.92 15.30
SEm(+) 0.05 0.03 0.03 0.11 0.04 0.05
C.D(0.05) 0.14 0.09 0.09 0.32 0.14 0.15
Factor CXS

C. S 2.63 4.02 5.65 7.69 9.79 12.90
C. S, 2.38 3.40 511 6.74 9.03 12.10
C1 53 - - - - - -

G, S 5.72 7.50 8.63 10.38 13.08 15.07
C; S, 481 5.7 7.24 9.37 11.15 13.09
Cz 53 - - - - - -

G S 3.33 5.00 7.05 9.48 11.58 13.12
C; S, 3.42 4.80 6.77 9.13 11.62 13.46
C; S; 9.50 10.92 11.94 13.78 15.65 17.78
SEm (%) 0.05 0.03 0.03 0.11 0.04 0.05
C.D(0.05) 0.14 0.09 0.09 0.32 0.14 0.15
Factor VXS

Vi $, 3.87 5.07 7.06 8.89 11.67 13.80
Vi S, 351 4.6 6.28 8.03 10.67 13.00
ViSs 3.21 3.89 4.24 4.90 5.56 6.34
V, S 419 5.96 7.24 9.36 11.37 13.58
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Table 1 (contd...)

V, S, 3.59 4.58 6.47 8.60 10.63 12.41
V, S 3.05 3.46 3.74 4.24 5.00 5.68
Vs S, 3.63 5.49 7.03 9.29 11.41 13.71
Vs S, 3.50 4.77 6.37 8.60 10.50 13.24
Vs S, 3.23 3.56 3.96 4.63 5.09 5.76
SEm (&) 0.05 0.03 0.03 0.11 0.04 0.05
C.D(0.05) 0.14 0.09 0.09 0.32 0.14 0.15
Factor

CXVXS
Vi S 2.64 3.75 5.17 7.27 9.70 13.04
C, VS, 2.32 3.51 5.36 6.34 9.37 12.91
CiViSs - - - - - -
C.Vy S 2.94 4.92 6.18 8.41 10.31 13.39
CiV, S 2.65 3.54 5.40 7.53 9.54 12.02
C VS - - - - - -
Ci Vs § 231 3.39 5.60 7.40 9.38 12.27
CiVs$S, 2.17 3.16 457 6.35 8.19 11.38
Ci Vs S - - - - - -
CViS 5.79 7.18 9.38 10.48 | 13.48 16.03
CViS 4.92 5.93 7.31 9.29 11.18 13.53
CViSs - - - - - -
GV, S 5.86 7.74 8.18 10.18 | 12.38 14.21
GV, S 4.82 5.67 7.24 9.34 10.99 12.12
GV, S - - - - - -
C, Vs S 5.53 7.58 8.33 10.47 | 13.40 14.98
C Vs S 4.69 5.76 7.18 9.48 11.27 13.62
C, Vs S5 - - - - - -
GV S 3.18 4.27 6.64 8.94 11.84 12.33
GV S 3.29 4.50 6.17 8.47 11.47 12.57
GV S 9.65 1168 | 12.72 14.72 | 16.68 19.03
GV, S 3.76 5.22 7.36 9.50 11.44 13.14
GV, S 3.30 4.53 6.77 8.94 11.35 13.09
GV, S 9.15 10.39 | 11.22 12.72 | 15.00 17.04
C; Vs S 3.05 5.52 7.16 10.01 | 11.46 13.88
C; V5 S, 3.66 5.38 7.37 9.97 12.04 14.73
C; Vs S5 9.69 10.68 | 11.89 13.90 | 15.28 17.28
SEm(z) 0.08 0.05 0.05 0.19 0.08 0.09
C.D(0.05) 0.25 0.17 0.15 0.56 0.24 0.27
Ci- Softwood grafting under open V1- Cricket Ball
C»- Softwood grafting under polyhouse V- Pala

Cs- Softwood grafting under polytunnel V3- Oval

S1- Defoliation 10 days prior to grafting S3- Without defoliation

So- Defoliation followed by grafting on the same day
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Higher number of leaves (9.69) was observed with Cricket Ball grafted
without defoliation and kept in poly tunnel condition C; V3 Sz which was on par with
Cs V1 Sz grafted without defoliation of Pala kept under poly tunnel condition (9.65).
This was followed by Pala grafted without defoliation and kept under poly tunnel
condition (9.15). Lowest number of leaves was seen in C; V3 S, Oval grafted with
defoliation on the day of grafting and kept under open condition (2.17). C3 V1 S;3
Pala grafted without defoliation kept under poly tunnel condition had the top number
of leaves (11.68) at 60 DAG. This was followed by Cs; V3 Sz cricket ball grafted
without defoliation and kept in poly tunnel condition (10.68). Lowest number of
leaves was seen in C; V3 S, Oval grafted with defoliation on the day of grafting and
kept under open condition (4.57). The trend was similar at 90, 120, 150 and 180 DAG.
C; V; Sz Pala grafted without defoliation kept under poly tunnel condition had 19.03

leaves on an average at 180 DAG.
4.1.2 Length of scion shoot

There was significant variation of length of scion shoot in terms of
environmental conditions, different cultivars and scion precuring treatments from 30
to 180 DAG showed in the Table 2. Data indicated significant differences between
environmental conditions, different cultivars and scion precuring treatments and

among their interactions during the growth stages from 30 DAG to 180 DAG.
4.1.2.1 Effect of environmental conditions

The observation on length of scion shoot at 30 DAG revealed that Cs -
Polytunnel (9.79) had higher length of scion shoot followed by C. (6.60). Least was
observed with C; -open condition (6.09). The trend was similar at 60, 90, 120, 150
and 180 DAG. Grafts under Cs -Polytunnel had 19.28 scion length, whereas graft
under open condition had only 11.52 scion length at 180 DAG.
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Table 2. Effect of environmental conditions, cultivars, scion

precuring and their interactions on mean length of scion shoot

Factors 30days | 60days | 90days | 120days | 150days | 180days
Factor C

C 6.09 6.72 8.26 9.41 10.71 11.52
C, 6.60 7.43 8.61 9.95 11.21 12.32
G 9.79 11.30 13.40 15.23 17.20 19.28
SEm (%) 0.01 0.01 0.03 0.01 0.011 0.033
C.D(0.05) | 0.02 0.03 0.09 0.02 0.02 0.09
Factor V

A 7.48 8.62 10.18 11.54 13.06 14.43
V, 7.58 8.46 10.11 11.72 13.01 14.29
A 7.42 8.37 9.98 11.33 13.04 14.40
C.D(0.05) | 0.02 0.03 0.09 0.02 0.02 0.09
SEm (%) 0.01 0.01 0.03 0.007 0.008 0.033
Factor S

S 9.64 10.85 12.79 14.90 16.72 18.44
S, 9.25 10.47 12.39 14.13 16.10 17.71
S 3.59 4.14 5.09 5.56 6.30 6.97
C.D(0.05) | 0.02 0.03 0.09 0.02 0.02 0.09
SEm (%) 0.010 0.011 0.032 0.007 0.008 0.033
Factor

CXV

Cy Vq 6.19 6.94 8.59 9.62 10.94 11.58
Ci V, 6.09 6.72 8.14 9.63 10.87 11.67
Ci V; 6.01 6.50 8.05 8.99 10.33 11.32
C, Vq 6.48 7.29 8.59 9.72 10.95 12.34
C, V, 6.84 7.41 8.69 10.20 11.32 12.13
C, Vs 6.48 7.60 8.57 9.92 11.34 12.49
Cs Vq 9.77 11.64 13.37 15.29 17.28 19.37
Cs V, 9.81 11.25 13.49 15.32 16.85 19.07
Cs V; 9.79 11.00 13.33 15.08 17.46 19.40
SEm(z) 0.018 0.019 0.056 0.012 0.013 0.055
C.D(0.05) | 0.05 0.05 0.16 0.03 0.03 0.15
Factor

CXS

C S 9.29 10.18 12.63 14.41 16.37 17.35d
C, S, 9.00 9.98 12.16 13.84 15.77 17.22
C, S - - - - - -

C, S 10.33 11.46 13.34 15.77 17.47 19.52
C, S, 9.47 10.84 12.51 14.07 16.16 17.45
C, S - - - - - -

C; S, 9.32 10.90 12.41 14.52 16.31 18.46
C; S, 9.28 10.58 12.49 14.48 16.37 18.45
C; S5 10.77 12.42 15.29 16.68 18.91 20.92
SEm (%) 0.018 0.019 0.056 0.012 0.013 0.055
C.D(0.05) | 0.050 0.050 0.162 0.035 0.039 0.158
Factor

VXS

Vi 9.53 10.99 12.83 14.90 16.65 18.56
Vi S, 9.33 10.55 12.54 14.12 16.02 17.62
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Table 2 (contd...)

Vi S 3.58 4.32 5.17 5.62 6.51 7.12
V, § 9.70 10.88 12.85 14.99 16.58 18.41
V, S, 9.44 10.43 12.44 14.59 16.41 17.68
V, S 3.61 4.07 5.03 5.57 6.05 6.78
Vs § 9.71 10.67 12.70 14.82 16.92 18.36
Vs S, 8.99 10.42 12.18 13.69 15.87 17.83
Vs S 3.58 4,01 5.07 5.48 6.34 7.01
SEm (3) 0.018 0.019 0.056 0.012 0.013 0.055
C.D(0.05) | 0.051 0.056 NS 0.035 0.039 0.158
Factor

CXVXS

CiVi$§ 9.22 10.36 12.84 14.54 16.36 17.47
Ci Vi S, 9.35 10.46 12.94 14.33 16.47 17.29
Ci Vi S - - - - - -
C,V; § 9.22 10.14 12.33 14.25 16.25 17.46
GV, S 9.05 10.04 12.11 14.66 16.37 17.56
C.V, S - - - - - -
CiV; S 9.43 10.05 12.73 14.44 16.52 17.13
CV; S, 8.60 9.46 11.44 12.54 14.47 16.83
CiV; S - - - - - -
C,Vi'$ 10.13 11.38 13.34 15.81 17.54 19.88
C, Vi S, 9.31 10.49 12.44 13.35 15.33 17.15
C, Vi S - - - - - -
C,V, S 10.55 11.55 13.61 16.05 17.34 19.24
C,V, S, 9.98 10.69 12.46 14.55 16.62 17.16
C,V, S - - - - - -
C,V; S 10.32 11.46 13.08 15.46 17.52 19.44
C, Vs S, 9.13 11.34 12.63 14.32 16.52 18.03
C,V; S - - - - - -

G Vi § 9.24 11.25 12.32 14.34 16.06 18.33
G Vi S, 9.33 10.70 12.25 14.67 16.25 18.41
C; Vi S 10.75 12.98 15.53 16.88 19.54 21.36
GV, S 9.33 10.95 12.61 14.68 16.14 18.53
GV, S, 9.29 10.57 12.76 14.55 16.26 18.33
C; V, S 10.83 12.23 15.11 16.72 18.15 20.36
CV; S 9.38 10.50 12.31 14.56 16.73 18.52
C; Vs S, 9.24 10.47 12.47 14.23 16.62 18.62
C; Vs S; 10.74 12.04 15.22 16.45 19.04 21.05
SEm(z) 0.030 0.034 0.097 0.021 0.023 0.094
C.D(0.05) | 0.08 0.09 0.28 0.06 0.06 0.27

C:- Softwood grafting under open condition V1- Cricket Ball

C»- Softwood grafting under polyhouse V2- Pala
Cs- Softwood grafting under polytunnel V3- Oval
S1- Defoliation 10 days prior to grafting S3- Without Defoliation

So- Defoliation followed by grafting on the same day
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4.1.2.2 Effect of precuring

Regarding precuring treatments, at 30 DAG, S: defoliation 10 days prior to
grafting was found to be better (9.64), followed by S defoliation followed by grafting
on the same day. Least scion length was seen in Sz (3.59) without defoliation. Similar
trend was recorded at 60, 90,120, 150 and 180 DAG. At 180 DAG, S; defoliation 10
days prior to grafting had 18.44 scion shoot length while in S3 without defoliation had
only 6.97 scion shoot length on an average.

4.1.2.3 Effect of cultivars

Among the cultivars, V> Pala had higher length of scion shoot at 30 DAG
(7.58). Least (7.42) length of scion shoot was observed with V3 Oval. Similar trend
was observed at 120 DAG. At 60 DAG length of scion shoot was highest in V; -
Cricket Ball (8.62). V3 Oval had the least length of scion shoot (8.37). At 90 DAG
similar trend was observed. At 150 DAG and 180 DAG Vi-Cricket Ball had the
higher length of scion shoot (13.06 and 14.43) followed by V3 Oval ( 13.04 and
14.40) and least was in V2 Pala (13.01 and 14.29).

4.1.2.4 Interaction effect of environmental conditions under which grafts are
kept and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, length of scion shoot varied
according the environmental condition in which grafts are kept. The treatment
combination, C; V, (Polytunnel + Pala) showed the higher (9.81) length of scion
shoot which was statistically on par with C; V; -Polytunnel + Cricket Ball (9.77) and
C; V3 -Polytunnel+ Oval (9.79). Least number of length of scion shoot was in C1V3
Open condition + Oval (6.01) at 30 DAG. The trend was similar at 90 DAG and 120
DAG. At 150 DAG and 180 DAG, C3 V3 (Polytunnel + Oval) had the highest length
of scion shoot (17.46 and 19.40) which was on par with C3V1 (Polytunnel + Cricket
Ball) where as least was observed with C1V3 (10.33 and 11.32).
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4.1.2.5 Interaction effect of environmental conditions under which grafts are kept

and scion precuring

There was significant variation between interaction of environmental
conditions under which grafts are kept and procuring treatments. The grafts done
without defoliation and kept in open condition could not survive. They dried off
completely. Those grafts without defoliation and kept in polyhouse condition also
dried off. Grafts without defoliation could only survive under poly tunnel condition.
Highest length of scion shoot was found in CsSz- grafts under polytunnel without
defoliation (10.77) at 30 DAG. Lowest length of scion shoot was in C; S, (9.00)
grafting done in poly house with same day defoliation. Similar trends of results were
observed at 60, 90, 120, 150 and 180 DAG.

4.1.2.6 Interaction effect of cultivars and precuring

Varietal effect to length of scion shoot of grafts under different precuring
treatments varied significantly. Highest scion length was in V3S: Oval with defoliation
10 days prior to grafting (9.71) at 30 DAG. Least was in V1S Cricket Ball without
defoliation (3.58) and V3 S; Oval without defoliation (3.58) at 30 DAG. Similar
results were observed at 60 DAG and 180 DAG where highest scion length was in
V; S; (10.99 and 18.56) Cricket Ball with defoliation 10 days prior to grafting. There
was no significant difference recorded at 90 DAG. Maximum length of scion shoot
was observed in V2S: Pala with defoliation 10 days prior to grafting (14.99) at 120
DAG. At 150 DAG, highest length of scion shoot was recorded with V3S; (16.92)
Oval with defoliation prior to 10 days of grafting and minimum was in V, Sz (6.05).

4.1.2.7 Interaction effect of environmental conditions, cultivars, scion precuring

The grafts under open condition without scion defoliation of cultivars, Cricket
ball, Pala and Oval could not survive (C; V; S;, C; V., S; and C; V3 Sz ). Grafts
without scion defoliation of cultivars, Cricket Ball, Pala and Oval which were kept
under poly house condition also did not survive(C, V; S;, C, V, S3, and
C, V3 Sz ). Survival was only under polytunnel condition in which grafting was
done without defoliation. At 30 DAG, more length of scion shoot was observed with
Cs; V, S3 Pala grafted without defoliation under poly tunnel condition (10.83) which
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was on par with C; V; S; (10.75) grafted without defoliation of Cricket Ball kept
under poly tunnel condition. Lowest length of scion shoot was seen in C; V3 S, Oval
grafted with defoliation on the day of grafting under open condition (8.60). Cricket
Ball grafted without defoliation kept under poly tunnel condition C; V; S; had
maximum (12.98) length of scion shoot and minimum was found in C; V5 S, Oval
grafted with defoliation on the day of grafting and kept under open condition (9.46) at
60 DAG. The trend was similar from 90 to 180 DAG.

4.1.3 Leaf area

There was significant variation of leaf area in terms of environmental
conditions, different cultivars and scion precuring treatments from 30 to 180 DAG
showed in the Table 3.

4.1.3.1 Effect of environmental conditions

The observation on leaf area at 30 DAG revealed that Cs; -Polytunnel (3.48) had
higher leaf area followed by C, (1.91). Least leaf area was observed with C; (open
condition) (1.83). The trend was similar at 60, 90, 120, 150 and 180 DAG. At 180
DAG, leaf area of grafts under C; -Polytunnel was 26.01, whereas graft under open
condition had only 12.59.

4.1.3.2 Effect of cultivars

Regarding the cultivars, V1i-Cricket Ball had maximum leaf area at 30 DAG (2.55)
and least leaf area was observed with V»>-Pala (2.30). V5 -Oval had more leaf area
(5.19) which was on par with V - Cricket Ball and V, showed minimum (4.74) leaf
area at 60 DAG. At 120 DAG, V, - Pala (10.76) showed statistically higher leaf area.
At 150 DAG, V3-Oval had highest leaf area (14.22) which was followed by V. Pala
(13.83). At 180 DAG, V2 Pala had higher leaf area (18.77), followed by V3(Oval).
Least was observed with V1 Cricket Ball (17.66).

4.1.3.3 Effect of precuring

Regarding precuring treatments, at 30 DAG, S: defoliation 10 days prior to
grafting was found to be highest (2.85). Similar trend was recorded at 60,120, 150 and
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Table 3. Effect of environmental conditions, cultivars, scion precuring and their

interactions on mean leaf area

Factors 30days 60days | 90days | 120days | 150days | 180days
Factor C

Cy 1.83 2.96 4.56 7.19 9.47 12.59
G 191 4.22 6.20 9.25 12.27 16.17
G 3.48 6.95 10.60 15.37 19.84 26.01
SEm () 0.010 0.014 | 0.023 0.03 0.02 0.033
C.D(0.05) | 0.02 0.04 0.06 0.08 0.07 0.09
Factor V

Vi 2.55 4.74 7.19 10.41 13.54 17.66
Vy 2.30 4.67 7.19 10.76 13.83 18.77
Vs 2.37 5.19 7.97 10.64 14.22 18.30
C.D(0.05) | 0.02 0.04 0.06 0.08 0.07 0.09
SEm () 0.01 0.01 0.023 0.03 0.02 0.03
Factor S

St 2.85 5.71 8.56 12.94 17.31 22.31
S 1.69 3.40 4.91 11.83 15.93 21.19
S 2.69 549 8.66 7.04 8.35 11.24
SEm () 0.01 0.01 0.023 0.03 0.02 0.03
C.D(0.05) | 0.02 0.04 0.06 0.08 0.07 0.09
Factor

CXV

GV 1.57 2.94 4.46 7.33 9.86 11.89
Ci Ve 1.60 3.07 4.63 7.27 9.31 13.57
Ci Vs 2.32 4.30 7.03 10.78 13.85 19.15
GV 1.93 4.01 6.52 8.62 11.83 15.67
C, Vs 1.89 4.17 6.07 9.47 12.44 16.59
C, Vs 1.92 4.48 6.03 9.66 12.54 16.25
G Vy 3.63 7.26 10.59 15.27 18.93 25.42
C; Vs 342 6.79 10.35 15.55 19.73 26.17
Cs Vs 3.40 6.80 10.85 15.28 20.86 26.46
SEm() 0.01 0.02 0.04 0.05 0.04 0.05
C.D(0.05) | 0.04 0.07 0.11 0.15 0.13 0.16
Factor

CXS

Ci S 248 4.61 7.03 11.17 14.51 18.86
C S 2.25 4.29 6.68 10.41 13.91 18.81
C1 53 = = = - = =

G S 3.21 7.01 10.05 15.12 20.18 26.01
G S, 2.53 5.65 8.57 12.63 16.65 22.51
CZ 83 = = = - = =

C: S 2.85 5.51 8.63 12.52 17.23 22.08
G S, 2.82 5.93 8.19 12.45 17.24 22.24
G Ss 4.78 9.41 14.98 21.14 25.05 33.72
SEm () 0.01 0.02 0.04 0.05 0.04 0.05
C.D(0.05) | 0.04 0.07 0.11 0.15 0.13 0.16
Factor

VXS

Vi$ 2.89 5.83 8.30 12.31 16.86 21.27
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Table 3 (contd...)

Vi S, 1.72 3.59 4.90 7.56 9.96 12.88
Vi S 2.51 4.80 8.37 11.36 13.80 18.83
V, § 2.64 5.53 8.33 12.59 17.13 22.54
V, S, 1.96 3.39 5.25 8.47 10.87 14.78
V, S 1.49 5.11 747 11.23 13.48 18.91
Vs S, 3.01 5.77 9.05 13.91 17.92 23.14
Vs S, 1.38 3.24 471 6.83 19.01 13.29
Vs S 3.24 6.57 10.15 6.93 8.46 25.42
SEm (z) 0.01 0.02 0.04 0.05 0.04 0.05
C.D(0.05) | 0.04 0.07 0.11 0.15 0.13 0.16
Factor

CXVXS

CiVi$ 2.43 4.46 6.87 11.14 14.78 17.77
C Vi S 2.28 4.38 6.52 10.85 14.79 17.90
Ci Vi S5 - - - - - -
C.V, S 1.87 4.38 6.17 10.16 13.23 18.65
CV, S 2.92 4.83 7.74 11.67 14.72 22.08
CiV, S - - - - - -
C.V; S 3.15 4.98 7.96 12.22 15.53 20.17
CiV; S, 1.55 3.66 5.80 8.72 12.23 16.45
CiV; S - - - - - -
C,Vi S 3.32 7.08 10.42 14.09 20.32 25.94
C, Vi S, 2.48 4.95 9.14 11.78 15.18 21.09
C, Vi S - - - - - -
C,V, S 3.23 6.63 10.02 15.03 20.43 26.06
C,V, S, 2.45 5.89 8.19 13.38 16.9 23.70
C,V, S - - - - - -

C, VS, 3.10 7.32 9.71 16.24 19.78 26.02
C,V; S, 2.67 6.13 8.38 12.75 17.85 22.74
C,V; S - - - - - -
C;Vi S 2.93 5.95 7.60 11.69 15.49 20.09
C; Vi S, 2.90 6.39 8.19 11.82 15.08 20.74
C; Vi S 5.05 9.45 15.99 22.30 26.22 35.42
GV, S 2.82 5.58 8.80 12.59 17.75 22.92
GV, S, 2.95 5.34 8.03 13.74 17.89 22.55
C; V, S 4.48 9.45 14.22 20.32 23.54 33.04
C; Vs S, 2.80 5.01 9.48 13.28 18.46 23.23
C; Vs S, 2.61 6.06 8.35 11.78 18.74 23.44
C; Vs S; 4.80 9.34 14.72 20.80 25.38 32.70
SEm(z) 0.02 0.04 0.07 0.12 0.08 0.09
C.D(0.05) | 0.08 0.12 0.20 0.26 0.23 0.28

C»- Softwood grafting under polyhouse
Cs- Softwood grafting under polytunnel

S1- Defoliation 10 days prior to grafting

Ss- Without Defoliation

C:- Softwood grafting under open condition

S»- Defoliation followed by grafting on the same day

V1- Cricket Ball

V»- Pala
V3- Oval
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180 DAG. At 180 DAG, S; defoliation 10 days prior to grafting had 22.31 cm? leaf

area while in Sz without defoliation had only 11.24 cm? area of leaf on an average.

4.1.3.4 Interaction effect of environmental conditions under which grafts are kept
and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, length of scion shoot varied
according the environmental condition in which grafts are kept. The treatment
combination, Cz V; (Polytunnel + Cricket Ball) showed the higher (3.63) leaf area.
Least number of leaf area was in C1V1 Open condition + Cricket Ball (1.57) at 30
DAG. The trend was similar at 60 DAG. Considering data at 90 DAG, 150 DAG and
180 DAG, had similar findings where C; V3 (Polytunnel + Oval) had the highest leaf
area (10.85, 20.86 and 26.46).

4.1.3.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open condition could not survive. Those grafts without
defoliation and kept in polyhouse condition also dried off. Grafts without defoliation
could only survive under poly tunnel condition. Highest leaf area was observed in
C3S3(4.78) and lowest leaf area was in C; S, (2.25) grafting done in poly house with
same day defoliation at 30 DAG. At 60, 90, 120, 150 and 180 DAG similar findings

were recorded.
4.1.3.6 Interaction effect of cultivars and precuring

Varietal response to length of scion shoot of grafts under different precuring
treatments varied significantly. Highest leaf area was in V3S3z Oval without defoliation
(3.24) at 30 DAG. Similar findings were observed in 90,120,150 and 180 DAG. Least
was in V»S3 Pala without defoliation (1.49) at 30 DAG. Highest leaf area was in
V3 Sz (25.42) Oval without defoliation and lowest was found in Vs S, (13.29) at
final stage of growth.
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4.1.3.7 Interaction effect of environmental conditions, cultivars, scion precuring

There was no survival of grafts of cultivars, Cricket Ball, Pala and Oval kept
under open condition without scion defoliation (C; V; Ss;, C; V,S; and
C; V3 S3 ). The same was observed in  grafts without scion defoliation of cultivars,
Cricket Ball, Pala and Oval and kept under poly house condition (C, V; Ss,
C, V., S; and C, V3 S3). Survival was obtained with grafts without scion
defoliation under  polytunnel condition. Higher leaf area was observed with
Cs V1 Sz Cricket Ball grafted without defoliation and kept in poly tunnel condition
(5.05) at 30 DAG. Lowest leaf area was seen in C; V3 S, Oval grafted with
defoliation on the same day of grafting and kept under open condition (1.55). The
trend was similar at 90 to 180 DAG. Leaf area recorded maximum in C; V; Sz
(35.42) and minimum was in C; V3 S, (16.45) at 180 DAG.

4.1.4 Height of graft

There was significant difference of height of graft in terms of environmental
conditions, different cultivars and scion precuring treatments from 30 to 180 DAG
showed in the Table 4. Data showed significant differences between environmental
conditions, different cultivars and scion precuring treatments and among their
interactions during the growth stages from 30 DAG to 180 DAG.

4.1.4.1 Effect of environmental conditions

The observation on height of graft at 30 DAG showed that Cs -Polytunnel
(23.84) had higher height of graft followed by C. (15.70). Least height of graft was
observed with C; -open condition (15.53). The trend was similar at 60, 90, 120, 150
and 180 DAG. Grafts under Cs -Polytunnel recorded 33.47 height of graft, whereas
graft under open condition had only 21.17 height of graft at 180 DAG.

4.1.4.2 Effect of cultivars

Regarding the cultivars, V3-Oval had maximum height of graft at 30 DAG
(18.40) and least height of graft was observed with V1 -Cricket Ball (18.33). V, - Pala
showed statistically higher value at 60 and 120 DAG. V1 Cricket Ball had highest
height of graft at 150 and 180 DAG. At 180 DAG, V1 Cricket Ball showed highest
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Table 4. Effect of environmental conditions, cultivars, scion precuring and their

interactions on mean height of graft

Factors 30days | 60days | 90days | 120days | 150days | 180days
Factor C

C 15.53 16.67 18.04 18.77 19.97 21.17
C, 15.70 16.98 18.28 19.37 20.68 21.99
G 23.84 25.67 27.73 29.68 31.58 33.47
SEm (%) 0.003 0.003 0.005 0.005 0.003 0.004
C.D(0.05) | 0.010 0.009 0.015 0.014 0.010 0.009
Factor V

A 18.33 19.80 21.37 22.57 24.14 25.76
V, 18.35 19.84 21.37 22.66 24.03 25.37
A 18.40 19.68 21.31 22.59 24.07 25.50
C.D(0.05) | 0.010 0.009 0.015 0.014 0.010 0.009
SEm () 0.003 0.003 0.005 0.005 0.003 0.004
Factor S

S 23.48 25.43 27.44 29.05 30.99 32.76
S, 23.37 25.09 27.11 28.62 30.31 32.30
S; 8.23 8.79 9.49 10.16 10.94 1157
SEm () 0.003 0.003 0.005 0.005 0.003 0.004
C.D(0.05) | 0.010 0.009 0.015 0.014 0.010 0.009
Factor

CXV

CiVy 15.58 16.64 18.01 18.57 19.87 21.28
Ci V, 15.52 16.85 18.21 19.15 19.97 21.09
Ci Vs 15,51 16.52 17.89 18.60 20.08 21.15
C, V; 15.66 16.99 18.31 19.21 20.59 21.94
C, V, 15.70 16.98 18.18 19.33 20.82 21.82
C, Vs 15.76 16.95 18.37 19.58 20.65 22.21
Cs Vq 23.74 25.75 27.80 29.94 31.96 34.06
Cs V, 23.83 25.68 27.71 29.50 31.30 33.20
Cs V, 23.94 25.58 27.69 29.59 31.48 33.16
SEm(z) 0.006 0.005 0.009 0.008 0.006 0.005
C.D(0.05) | 0.017 0.016 0.025 0.024 0.017 0.015
Factor

CXS

C S 23.36 25.32 27.24 28.39 30.31 31.92
C S 23.25 24.70 26.88 27.94 29.62 31.60
C1 S3 = = = = = =

C; S 23.69 25.61 27.73 29.53 31.40 33.38
C; S, 23.43 25.32 27.13 28.59 30.66 32.59
Cz 83 = = = = = =

C: S 23.39 25.36 27.37 29.23 31.26 33.00
C: S, 23.43 25.26 27.33 29.31 30.66 32.71
Cs: S 24.69 26.39 28.49 30.49 32.83 34.71
SEm (1) 0.006 0.005 0.009 0.008 0.006 0.005
C.D(0.05) | 0.017 0.016 0.025 0.024 0.017 0.015
Factor

VXS

Vi § 23.39 25.39 27.43 28.98 31.03 32.99
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Table 4 (contd...)

Vi S, 23.34 25.09 27.15 28.37 30.25 32.38
Vi S 8.25 8.90 9.54 10.37 114 11.9
V, S 23.47 25.39 27.46 29.07 30.85 32.34
V, S, 23.36 25.35 27.13 28.87 30.43 32.36
V, S; 8.21 8.77 9.52 10.04 10.81 11.40
Vs S 23.57 25.50 27.45 29.09 31.08 32.96
V; S, 23.42 24.83 27.06 28.61 30.26 32.16
V; S5 8.22 8.72 943 10.07 10.88 11.40
SEm (%) 0.006 0.005 0.009 0.008 0.006 0.005
C.D(0.05) 0.017 0.016 0.025 0.024 0.017 0.015
Factor

CXVXS

C Vi § 23.42 25.32 27.42 28.21 30.31 32.33
Ci Vi S, 23.33 24.62 26.62 27.52 29.32 31.52
Ci Vi S - - - - - -
CiV, § 23.23 25.22 27.24 28.41 29.50 31.12
CV; S, 23.32 25.33 27.41 29.06 30.42 32.16
C V; S - - - - - -

C V3§ 23.43 25.42 27.06 28.55 31.11 32.32
CiV; S, 23.11 24.15 26.61 27.26 29.13 31.13
Cy V3 S - - - - - -

C, Vi § 23.62 25.64 27.61 29.42 31.63 33.40
C, Vi S, 23.37 25.35 27.32 28.23 30.14 32.41
C, Vi S - - - - - -
C,V, S 23.77 25.54 27.82 29.66 31.75 33.31
C,V; S, 23.33 25.42 26.74 28.33 30.71 32.14
C, V, S - - - - - -

C, Vs S 23.67 25.66 27.76 29.53 30.83 33.42
C, Vs S, 23.61 25.20 27.35 29.23 31.14 33.23
C; V3 S - - - - - -

Cs Vi § 23.15 25.23 27.27 29.32 31.16 33.26
C Vi S, 23.32 25.31 27.53 29.37 31.31 33.22
Cs Vi S 24.77 26.72 28.62 31.13 33.42 34.75
C; V, S 23.41 25.42 27.32 29.16 31.31 32.60
C; V, S, 23.43 25.32 27.24 29.22 30.16 32.79
C3 V; S 24.65 26.32 28.56 30.13 32.43 34.22
C3 V3§ 23.62 25.43 27.53 29.21 31.32 33.14
C; V3 S, 23.54 25.15 27.24 29.35 30.51 32.11
C;3 V3 S 24.66 26.16 28.31 30.23 32.64 34.22
SEm(z) 0.010 0.009 0.015 0.014 0.010 0.009
C.D(0.05) 0.029 0.028 0.044 0.041 0.030 0.027

S3- Without Defoliation

C»- Softwood grafting under polyhouse
Cs- Softwood grafting under polytunnel
S1- Defoliation 10 days prior to grafting

C1- Softwood grafting under open condition

V1- Cricket Ball

Vo- Pala
V3- Oval

S»- Defoliation followed by grafting on the same day
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height of graft (25.76) followed by V3 -Oval (25.50). Least was observed with V> Pala
(25.37).

4.1.4.3 Effect of precuring

Regarding precuring treatments at 30 DAG, S: defoliation 10 days prior to
grafting was found to be better (23.48) followed by S» defoliation followed by grafting
on the same day. Least height of graft was seen in Sz (8.23) without defoliation.
Similar trend was recorded at 60, 90,120, 150 and 180 DAG. At 180 DAG, S
defoliation 10 days prior to grafting had a graft height of 32.76 while in Sz without
defoliation had only 11.57.

4.1.4.4 Interaction effect of environmental conditions under which grafts are

kept and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, height of graft varied according the
environmental condition in which grafts are kept. Grafts of Oval kept under
polytunnel (C; V3 ) showed statistically higher value (23.94) and lower value was
found in C; V3 (15.51) at 30 DAG. Grafts of Cricket Ball cultivar kept under
polytunnel (CsV1i) had maximum graft height from 60 to 180 DAG. At 180 DAG,
C; V; (Polytunnel + Cricket Ball) had highest graft height (34.06) and lowest was in
C; V2 (21.09).

4.1.4.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The non-defoliated grafts
which were kept under open condition could not established. The same was observed
with those grafts without scion defoliation and kept in polyhouse condition also. The
non-defoliated grafts could survive only under poly tunnel condition. Highest height
of graft was observed in C3S3 (24.69). Lowest height of graft was in C; S, (23.25)
grafting done in poly house with same day defoliation. At 60, 90, 120, 150 and 180
DAG similar findings were recorded. At 180 DAG, superiority was in C3Sz (34.71)
and lowest was in C; S, (31.60).
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4.1.4.6 Interaction effect of cultivars and precuring

Varietal response to height of graft of grafts under different precuring
treatments varied significantly. Highest height of graft was in V3S; Oval with
defoliation 10 days prior to grafting (23.57) at 30 DAG. Similar findings were
observed in 60, 120 and 150 DAG. Least was in V.Ss Pala without defoliation (8.21)
at 30 DAG. At 90 DAG, V, S; Pala with defoliation 10 days prior to grafting (27.46)
showed highest graft height and V5 S; Oval Without defoliation (9.43) was the
lowest. Treatment combination V; S; Cricket Ball with scion defoliation 10 days
prior to grafting (32.99) had the maximum at 180 DAG.,.

4.1.4.7 Interaction effect of environmental conditions, cultivars, scion precuring

Survival was not observed with grafts of cultivars, Cricket Ball, Pala and Oval
kept under open condition without scion defoliation (C; V; Sz, C; V2 S; and
Cy V3 S; ). Grafts which were kept under poly house condition without scion
defoliation of cultivars also dried off (C, V; Sz, C, V., S; and C, V3 S3 ). The
grafted plants without scion defoliation could become established under the
polytunnel condition only. At 30 DAG, more height of graft was observed with
Cs V1 S; Cricket Ball grafted without defoliation and kept in poly tunnel condition
(24.77). Lowest height of graft was seen in C; V3 S, Oval grafted with defoliation
on the day of grafting and kept under open condition (23.11). The trend was similar up
t0180 DAG. At 180 DAG, highest recorded in Cs; V; Sz (34.75) and minimum
observed in C; V3 S, (31.13).

4.1.5 Girth of stem

There was significant difference of girth of stem in terms of environmental
conditions, different cultivars and scion precuring treatments from 30 to 180 DAG
showed in the Table 5. Data showed significant differences between environmental
conditions, different cultivars and scion precuring treatments and among their
interactions during the growth stages from 30 DAG to 180 DAG.
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4.1.5.1 Effect of environmental conditions

The observation on girth of stem at 30 DAG revealed that Cs -Polytunnel
(1.31) had higher girth of stem followed by C,. Least girth of stem was observed with
C1 (open condition) (0.69). The trend was similar at 60, 90, 120, 150 and 180 DAG.
At 180 DAG, grafts under C; -Polytunnel recorded 2.70 girth of stem, whereas graft

under open condition had only 1.61 girth of stem.
4.1.5.2 Effect of cultivars

Regarding the cultivars, V3-Oval had maximum girth of stem at 30 DAG
(1.06) and least girth of stem was observed with V1-Cricket Ball (0.94). Similar trend
was observed up to 180 DAG. Vs-Oval had highest girth of stem (2.31) and V; -
recorded least girth of stem (2.00) at 30 DAG.

4.1.5.3 Effect of precuring

Regarding precuring treatments at 30 DAG, S: defoliation 10 days prior to
grafting was found to be better (1.21), followed by S» defoliation followed by grafting
on the same day. Least height of graft was seen in Sz (0.61) without defoliation.
Similar trend was recorded at 60, 90,120, 150 and 180 DAG. At 180 DAG, S
defoliation 10 days prior to grafting had girth of stem 2.59 while in Sz without

defoliation had only 1.27 stem girth on an average.

4.1.5.4 Interaction effect of environmental conditions under which grafts are kept

and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, stem girth varied according the
environmental condition in which grafts are kept. C; V3, C3 V; and C3 V,
showed statistically higher (1.31) stem girth and lower was found in C; V3 (0.59) at
30 DAG. C3 V3 (Polytunnel +Oval) had highest stem girth (1.50) which was on par
with C3V1 and lowest was in C; V3 (0.77) at 60 DAG. C; V, (Polytunnel + Pala)
recorded maximum (1.72) which was on par with C; V; (1.69) and minimum (0.93)
was found in C; V3 (Open +Oval) at 90 DAG. C, V3 showed highest (2.16) girth of
stem at 120 DAG which was statistically on par with C; V; (2.14) and C3 V,
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(2.11). C3 V; recorded maximum (2.40) at 150 DAG which was on par with C; V3
(2.37) and C; V, (2.38). C3 V3 had maximum stem girth (2.72) which was on par
with C; V; (2.70) and C3 V, (2.68) at 180 DAG. Least stem girth was observed in
C; V3 (1.59).

4.1.5.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

The interaction between environmental conditions and precuring treatments
was found to be significant statistically. The grafts kept in open condition which were
non defoliated could not survive. Same was observed with grafts kept under
polyhouse condition also. The establishment of grafts without scion defoliation was
found under poly tunnel condition only. Highest stem girth was observed in C3S3
(1.40). Lowest stem girth was in C; S, (1.02) grafting done in poly house with same
day defoliation. At 60, 90, 120, 150 and 180 DAG similar findings were recorded. At
180 DAG, highest value was in C3S3(2.98) and lowest was in C; S, (2.38).

4.1.5.6 Interaction effect of cultivars and precuring

Varietal effect of stem girth of grafts under different precuring treatments
varied significantly. At 30 DAG highest stem girth was in V.S; Oval with defoliation
10 days prior to grafting (1.24). Similar findings were observed at 150 DAG (2.33).
Least was in V2S3 Pala without defoliation (0.46) at 30 DAG. At 90 DAG, V; S;
Pala with defoliation 10 days prior to grafting and V1S: Cricket Ball with defoliation
10 days prior to grafting showed highest (1.64) and V, S; Pala Without defoliation
(0.59) was the lowest. At 120 and 180 DAG, treatment combination V3S; Oval with
defoliation 10 days prior to grafting had the maximum (2.05 and 2.60) and V, S; had
the minimum (0.76 and 0.99).

4.1.5.7 Interaction effect of environmental conditions, cultivars, scion precuring

There was no survival in non-defoliated grafts of cultivars, Cricket Ball, Pala
and Oval kept under open condition (C; V; S3, C; V2 Sz and C; V3 S3 ). The
grafts kept under poly house condition without scion defoliation of cultivars did not
survive after grafting (C, V1 Sz, C, V, S; and C, V3 Sz ). Grafts under the

polytunnel condition without scion defoliation only had survival. At 30 DAG, more
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their interactions on mean girth of stem (5cm above graft union)

Table 5. Effect of environmental conditions, cultivars, scion precuring and

Factors 30days | 60days | 90days | 120days | 150days | 180days
Factor C

G 0.69 0.83 0.98 1.22 1.49 1.61
G 0.98 1.12 1.27 1.64 1.82 2.03
Cs 131 1.48 1.69 2.09 2.38 2.70
SEm (1) 0.006 0.006 0.004 0.012 0.006 0.007
C.D(0.05) | 0.017 0.017 0.013 0.035 0.017 0.019
Factor V

Vs 0.94 1.09 1.25 1.56 1.81 2.00
Vs, 0.97 1.10 1.27 1.59 1.82 2.03
A 1.06 1.24 1.42 1.80 2.05 2.31
C.D(0.05) | 0.017 0.017 0.013 0.035 0.017 0.019
SEm (1) 0.006 0.006 0.004 0.012 0.006 0.007
Factor S

St 121 1.40 1.62 2.00 2.32 2.59
S, 1.16 1.35 1.55 1.94 2.26 247
S 0.61 0.68 0.77 1.00 111 1.27
SEm (1) 0.006 0.006 0.004 0.012 0.006 0.007
C.D(0.05) | 0.017 0.017 0.013 0.035 0.017 0.019
Factor

CXV

C Vy 0.69 0.84 0.98 1.20 1.49 1.61
C,V, 0.78 0.88 1.03 1.25 1.50 1.63
Cy Vs 0.59 0.77 0.93 1.20 1.47 1.59
C, Vi 0.83 0.95 1.08 1.35 1.55 1.69
C, V, 0.83 0.96 1.08 142 1.59 1.79
C, Vs 1.30 1.46 1.67 2.16 2.32 2.62
Cs Vy 131 1.49 1.69 2.14 2.40 2.70
C; V, 131 1.46 1.72 211 2.38 2.68
Cs; Vs 131 1.50 1.67 2.03 2.37 2.72
SEm() 0.010 0.010 0.008 0.021 0.010 0.012
C.D(0.05) | 0.029 0.029 0.022 0.061 0.030 0.034
Factor

CXS

C S 1.04 1.25 151 1.88 2.24 244
C: S, 1.02 1.24 1.44 1.77 2.23 2.38
C1 33 = = = = = =

G S 1.33 1.52 1.72 2.19 2.42 2.72
G, S, 1.18 1.37 1.56 2.04 2.29 2.54
C, S - - - - - -

C: Sy 1.26 1.42 1.64 1.94 2.31 2.62
G S, 1.26 1.44 1.66 2.02 2.27 2.49
C; S 1.40 1.58 1.78 2.32 2.58 2.98
SEm (%) 0.010 0.010 0.008 0.021 0.010 0.012
C.D(0.05) | 0.029 0.029 0.022 0.061 0.030 0.034
Factor

VXS

Vi § 1.23 1.42 1.64 1.97 2.32 2.60
Vi S 1.13 1.33 151 1.93 2.24 2.39
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Table 5(contd...)

Vi S 0.47 0.53 0.60 0.78 0.88 101
V, S 1.24 1.40 1.64 2.00 2.33 2.58
V, S, 1.22 1.38 1.60 2.02 2.29 2.50
V, S; 0.46 0.51 0.59 0.76 0.84 0.99
Vs S 1.16 1.37 1.59 2.05 231 2.60
Vs S, 1.12 1.35 1.55 1.88 2.25 2.50
Vs S 0.90 0.99 1.13 1.47 1.60 1.82
SEm (%) 0.010 0.010 0.008 0.021 0.010 0.012
C.D(0.05) | 0.029 0.029 0.022 0.061 0.030 0.034
Factor

CXVXS

G Vi $ 1.11 1.29 1.54 1.85 2.23 243
CiVi§ 0.97 1.22 1.42 1.75 2.26 2.40
C Vi & - - - - - -
GV, § 1.12 1.29 1.55 1.84 2.27 245
GV, S, 1.23 1.36 1.54 1.92 2.23 243
GV, S - - - - - -
C,V; & 0.89 1.16 1.43 1.96 2.23 245
C,V; S, 0.88 1.15 1.36 1.66 2.20 2.32
C,V; S - - - - - -
C,V: S 1.33 153 1.72 2.10 242 2.7
C,V: S, 1.16 1.33 1.52 1.95 2.22 2.35
C,V: S - - - - - -
C,V, & 1.33 152 1.73 2.23 244 2.73
C,V, S, 1.16 1.35 151 2.05 2.33 2.64
C,V, S - - - - - -

C, Vs S 1.33 1.52 1.71 2.25 2.40 2.69
C, V5 S, 1.24 1.44 1.66 2.13 2.32 2.63
C,V; S - - - - - -
CVi$ 1.25 1.43 1.67 1.95 231 2.63
C;V: S, 1.27 1.44 1.60 2.10 2.24 242
C;V: S5 1.42 161 1.81 2.36 2.66 3.05
C,V, S 1.27 1.40 1.64 1.93 2.30 2.56
CV, S, 1.27 1.43 1.75 211 2.32 2.53
CV, S 1.38 1.55 1.77 2.30 2.54 2.97
CV; S 1.27 1.45 1.62 1.94 2.32 2.67
CV; S, 1.26 1.47 1.64 1.85 2.25 2.54
C;V; S5 1.40 157 1.77 231 2.55 2.94
SEm(z) 0.017 0.017 0.013 0.036 0.018 0.020
C.D(0.05) | 0.050 0.050 0.038 0.105 0.052 0.058

Ci- Softwood grafting under open V1- Cricket Ball
condition V- Pala
C»-Softwood grafting under polyhouse V3- Oval

Cs-Softwood grafting under polytunnel

So- Defoliation followed by grafting on the same day

S3-Without defoliation
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height of graft was observed with C; V; S; Cricket Ball grafted without defoliation
and kept in poly tunnel condition (1.42). Lowest height of graft was seen in C; V3 S,
Oval grafted with defoliation on the day of grafting and kept under open condition
(0.88). The trend was similar up to 180 DAG. At 180 DAG, highest recorded in
Cs V; Sz (3.05) and minimum observed in C; V3 S, (2.32).

4.1.6 Length of leaves

Variation of height of graft in terms of environmental conditions, different
cultivars and scion precuring treatments was significant from 30 to 180 DAG showed
in the Table 5. Data indicated significant differences between environmental
conditions, different cultivars and scion precuring treatments and among their
interactions during the growth stages from 30 DAG to 180 DAG.

4.1.6.1 Effect of environmental conditions

The observation on length of leaves at 30 DAG depicted that C5 -Polytunnel
(3.22) had higher length of leaf followed by C>. Least length of leaf was observed
with C; -open condition (1.71). The trend was similar at 60, 90, 120, 150 and 180
DAG. At 180 DAG, grafts under C3 -polytunnel recorded 9.15 length of leaf, whereas

graft under open condition had only 5.01 length of leaf on an average.
4.1.6.2 Effect of cultivars

Regarding the cultivars, V1i- Cricket Ball had higher value of length of leaf at
30 DAG (2.34) and minimum length of leaf was observed with V3 -Oval (2.25).
Similar trend of result was observed at 60 DAG also. V3-Oval and Vi- Cricket Ball
had highest length of leaf (4.00) and V5 - Pala recorded least length of leaf (4.00) at
90 DAG. At 120 and 180 DAG, V, recorded maximum leaf length. V5 (6.04) was
found to be higher and V; (5.76) was the lower at 150 DAG.

4.1.6.3 Effect of precuring

Regarding precuring treatments at 30 DAG, S: defoliation 10 days prior to
grafting was found to be better (2.86), followed by S» defoliation followed by grafting
on the same day. Least length of leaf was seen in Sz (1.28) without defoliation.
Similar trend was recorded at 60, 90,120, 150 and 180 DAG. At 180 DAG, S:
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defoliation 10 days prior to grafting had 8.34 cm leaf length while in Sz without
defoliation had only 3.65 cm leaf length on an average.

4.1.6.4 Interaction effect of environmental conditions under which grafts are kept

and cultivars

Interaction effect of environmental conditions and different cultivars was
found to be statistically significant. Leaf length varied according the environmental
condition in which grafts are kept. At 30 DAG, C; V; showed statistically higher
value (3.36) and lower value found in C; V1 (1.72). At 60 DAG, C3 V; (Polytunnel
+ Cricket Ball) had highest leaf length (4.51) and lowest was in C; Vi- Open +
Cricket Ball (2.12). At 90 DAG, C3 V3 (Polytunnel + Oval) recorded maximum
(5.64) and minimum (2.82) was found in C1V1 (Open + Cricket Ball). At 120 DAG,
C3V2- Polytunnel+ Pala showed highest (7.11) leaf length and Ci1V3 recorded
minimum (3.87). C3V3 (Polytunnel +Oval) recorded maximum (8.36) and lowest was
in C1V3-Open + Oval (4.59) at 150 DAG. Similar trend was found at 180 DAG.

4.1.6.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

There was significant influence due to interaction between environmental
conditions under which grafts are kept and precuring treatments. There was no
survival in  grafts done without scion defoliation and kept in open condition. Those
grafts kept in polyhouse condition without scion defoliation also dried off. Survival of
grafts was observed under poly tunnel condition without any scion defoliation. At 30
DAG, highest length of leaf was observed in CsSs (3.86) and lowest was in C; S,
(2.56) grafting done in poly house with same day defoliation. At 60, 90, 120, 150 and
180 DAG similar findings were recorded. At 180 DAG, highest was in C3S3 (10.95)
and lowest was in C; S (7.51).

4.1.6.6 Interaction effect of cultivars and precuring

Varietal response to length of leaves of grafts under different precuring
treatment differed significantly. At 30 DAG highest leaf length was in V1S: Cricket
Ball with defoliation 10 days prior to grafting (2.90) and lowest was in V,S; Pala
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Table 6. Effect of environmental conditions, cultivars, scion

precuring and their interactions on mean length of leaves

Factors 30days | 60days | 90days | 120days | 150days | 180days
Factor C

C 171 2.14 2.87 3.82 4,50 5.01
C, 1.92 2.74 3.49 4.35 5.16 5.94
G 3.22 4.36 5.59 6.95 8.03 9.15
SEm (%) 0.005 0.007 0.004 0.005 0.006 0.004
C.D(0.05) | 0.01 0.02 0.01 0.01 0.017 0.01
Factor V

V, 2.34 3.11 4.00 4,99 5.76 6.59
V, 2.27 3.10 3.95 5.14 5.89 6.80
V, 2.25 3.04 4,00 4,98 6.04 6.72
C.D(0.05) | 0.01 0.02 0.01 0.01 0.017 0.01
SEm () 0.005 0.007 0.004 0.005 0.006 0.004
Factor S

S 2.86 3.85 4,92 6.23 7.44 8.34
S, 271 3.68 4.65 5.98 7.15 8.12
S; 1.28 1.72 2.38 291 3.10 3.65
SEm () 0.005 0.007 0.004 0.005 0.006 0.004
C.D(0.05) | 0.01 0.02 0.01 0.01 0.017 0.01
Factor

CXV

(YA 1.72 2.12 2.82 3.87 459 5.02
Ci V, 1.74 2.22 291 391 4.48 5.17
Ci Vy 2.45 3.14 441 5.58 6.47 7.38
C, Vq 1.94 2.69 3.58 4.23 5.12 5.89
C, V, 1.92 2.79 342 4.39 5.02 6.05
C, V; 1.90 2.76 3.46 441 5.33 5.88
Cs Vy 3.36 451 5.61 6.88 7.56 8.87
Cs V, 3.15 4.31 551 711 8.18 9.17
Cs Vs 3.16 4.27 5.64 6.84 8.36 941
SEm(z) 0.009 0.012 0.007 0.008 0.010 0.006
C.D(0.05) 0.027 0.036 0.019 0.02 0.03 0.018
Factor

CXS

C S 2.59 3.26 4.37 5.79 6.83 751
C S, 2.56 3.16 4.25 5.68 6.69 7.53
Ci S - - - - - -

C; S 3.07 4.33 5.43 6.80 8.14 9.29
C; S, 2.69 391 5.04 6.24 7.35 8.54
G S - - - - - -

C; S, 2.92 3.97 4,97 6.10 7.37 8.21
C: S, 2.88 3.96 4.66 6.01 7.43 8.29
C: S; 3.86 5.16 7.14 8.73 9.31 10.95
SEm (1) 0.009 0.012 0.007 0.008 0.010 0.006
C.D(0.05) 0.02 0.03 0.019 0.02 0.03 0.01
Factor

VXS

Vi 2.90 3.88 4.77 6.05 7.30 8.11
Vi S, 2.82 2.45 2.99 3.89 448 5.11
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Table 6(contd...)

Vi S 2.19 2.99 4.25 5.04 5.49 6.56
V, § 2.86 3.88 4.95 6.31 7.43 8.44
V, S, 1.82 2.38 2.98 4,07 4.82 5.42
V, S5 2.13 3.06 391 5.03 5.44 6.53
Vs § 2.82 3.81 5.05 6.34 7.60 8.47
Vs S, 1.69 2.29 2.93 3.73 7.43 5.29
Vs S 3.00 4,06 5.53 6.78 7.74 8.88
SEm (%) 0.009 0.012 0.007 0.008 0.010 0.006
C.D(0.05) | 0.02 0.03 0.019 0.02 0.03 0.01
Factor

CXVXS

C,V: S 2.52 3.13 4.24 5.76 6.84 7.54
GV S, 2.66 3.23 4.22 5.84 6.93 7.52
C Vi & - - - - - -
C,V, S 2.63 3.43 4.32 5.96 6.83 7.68
C,V, S, 2.61 3.22 442 5.77 6.61 7.84
GV, S - - - - - -
C,V; S 2.64 3.23 4.56 5.66 6.82 7.33
C,V; S, 2.40 3.05 413 5.44 6.53 7.25
C,V; & - - - - - -
C,V: S 3.15 4.40 5.42 6.54 8.32 9.22
C,V: S, 2.67 3.67 5.33 6.16 7.05 8.46
C, Vi & - - - - - -
C,V, & 3.10 4.26 5.42 6.73 7.93 9.32
C,V, S, 2.65 412 4.86 6.45 7.15 8.85
C,V, S - - - - - -
C,V; & 2.96 4.33 5.45 7.13 8.16 9.33
C, V5 S, 2.76 3.95 4.94 6.12 7.84 8.33
C,V; S - - - - - -

C; VS 3.05 412 4.64 5.85 6.73 7.57
C;V: S, 3.12 412 4.77 5.85 6.53 7.82
C;V: S5 3.91 5.31 7.43 8.96 9.43 11.22
C,V, S 2.85 3.94 5.13 6.24 7.55 8.33
GV, S, 2.86 391 454 6.45 7.84 8.42
GV, S 3.74 5.07 6.87 8.66 9.16 10.76
C;V; S 2.88 3.87 5.14 6.22 7.83 8.74
CV; S, 2.67 3.84 4.67 5.74 791 8.63
CV; S 3.93 511 7.13 8.57 9.33 10.87
SEm(z) 0.016 0.021 0.011 0.014 0.018 0.011
C.D(0.05) | 0.04 0.06 0.03 0.04 0.05 0.03

C:- Softwood grafting under open condition
V1- Cricket Ball

V- Pala
V3- Oval

C>- Softwood grafting under polyhouse

Cs- Softwood grafting under polytunnel

S1- Defoliation 10 days prior to grafting

So- Defoliation followed by grafting on the same day
Ss— Without Defoliation
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without defoliation (1.69). Similar findings were observed at 60 DAG. At 90 to 180
DAG, V3S; Oval with defoliation 10 days prior to grafting. At 180 DAG, V3S; Oval
with defoliation 10 days prior to grafting (8.47) showed highest and V, S; (3.58) had

lowest value.
4.1.6.7 Interaction effect of environmental conditions, cultivars, scion precuring

There was no survival observed with grafted plants without defoliation of
cultivars, Cricket Ball, Pala and Oval kept under open condition (C,;V;S3z, C;V,S;3
and C;V3S;).Grafted plants which were kept under poly house condition without
defoliation of cultivars also failed. At 30 DAG, more length of leaves was observed
with C; V3 S; Oval grafted without defoliation and kept in poly tunnel condition
(3.93) which was on par with C; V; S; (3.91). Lowest leaf length was seen in
C; V3 S; Oval grafted with defoliation on the day of grafting and kept under open
condition (2.40). The trend was similar from 90 to 180 DAG.in which highest leaf
length found in C; V; S3 and minimum observed in C; V3 S, . At 180 DAG,
maximum leaf length was in C3 V; S; (11.22) and lowest was C; V3 S, (7.25).

4.1.7 Breadth of leaves
There was significant variation of breadth of leaves in terms of environmental
conditions, different cultivars and scion precuring treatments from 30 to 180 DAG
showed in the Table 7. Data showed significant differences between environmental
conditions, different cultivars and scion precuring treatments and among their
interactions during the growth stages from 30 DAG to 180 DAG.

4.1.7.1 Effect of environmental conditions

The observation on leaf breadth at 30 DAG indicated that C; -Polytunnel
(1.45) had higher length of leaf followed by C,. Least leaf breadth was observed with
C1 (open condition) (0.83). The trend was similar at 60, 90, 120, 150 and 180 DAG.
At 180 DAG, grafts under C; -Polytunnel recorded 3.85 breadth of leaves whereas
graft under open condition had only 2.28 breadth of leaves on an average.
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Table 7. Effect of environmental conditions, cultivars,

their interaction on mean breadth of leaves

scion precuring and

Factors 30days | 60days | 90days | 120days | 150days | 180days
Factor C

C 0.83 1.26 1.44 1.71 191 2.28
G, 0.90 1.40 1.62 1.93 2.16 248
G 1.45 2.15 2.55 2.98 3.35 3.85
SEm (z) 0.004 0.005 0.005 0.006 0.005 0.005
C.D(0.05) 0.01 0.01 0.01 0.01 0.01 0.01
Factor V

Vy 1.06 1.60 1.87 2.18 247 281
vV, 1.07 1.58 1.86 221 248 2.92
A 1.07 1.62 1.87 2.24 248 2.88
SEm () 0.004 0.005 0.005 0.006 0.005 0.005
C.D(0.05) NS 0.01 NS 0.01 NS 0.01
Factor S

S 1.36 201 2.36 2.83 3.17 3.65
S, 1.27 1.96 2.29 2.70 3.04 3.56
S 0.56 0.83 0.95 1.10 1.22 1.40
SEm () 0.004 0.005 0.005 0.006 0.005 0.005
C.D(0.05) 0.01 0.01 0.01 0.01 0.01 0.01
Factor

CXV

Ci Vi 0.83 1.27 1.44 1.73 1.96 2.16
CiV, 0.83 1.26 1.45 1.70 1.90 2.39
CiV; 1.28 1.87 2.17 2.64 2.93 357
C, V, 0.90 1.35 1.66 1.85 2.09 242
C, V, 0.90 1.36 1.61 1.96 2.25 2.50
C, V; 0.92 1.48 1.58 1.99 2.14 2.52
Cs Vy 1.45 2.18 251 2.97 3.37 3.86
Cs; V, 1.47 212 2.53 2.96 3.28 3.88
C: Vs 1.45 2.14 2.60 3.02 3.40 3.82
SEm(+) 0.006 0.009 0.009 0.011 0.008 0.009
C.D(0.05) 0.01 0.02 0.02 0.03 0.02 0.02
Factor

CXS

C S 1.31 1.94 2.19 2.64 291 344
S, 1.19 1.85 2.14 2.50 2.84 341
G S - - - - - -

C, S 1.43 222 2.53 3.04 3.39 3.83
C, S, 1.29 1.98 2.32 2.77 3.10 3.60
G S - - - - - -

C; S 1.33 1.89 2.37 2.81 3.20 3.68
C: S, 1.34 2.05 241 2.83 3.17 3.67
C; S, 1.69 2.50 2.87 331 3.68 421
SEm (3) 0.006 0.009 0.009 0.011 0.008 0.009
C.D(0.05) 0.01 0.02 0.02 0.03 0.02 0.02
Vi $ 1.36 2.04 2.36 2.78 3.15 357
Vi S, 0.81 1.94 1.49 1.77 2.03 2.29
Vi S; 101 1.43 1.76 2.01 2.25 2.58
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Table7(contd...)

V, S, 1.25 1.94 2.28 2.72 3.13 3.64
V; S, 0.98 1.30 1.60 1.89 2.05 2.51
vV, S5 0.97 1.50 171 3.00 2.25 2.62
Vs S, 1.47 2.07 2.45 3.00 3.22 3.74
Vs S, 0.74 1.27 1.45 1.66 1.93 2.27
Vs S5 1.44 2.16 2.45 2.98 332 3.90
SEm (%) 0.006 | 0.009 |[0.009 | 0.011 0.008 0.009
C.D(0.05) [ 0.01 0.02 0.02 0.03 0.02 0.02
Factor
CXVXS
C,Vq S, 1.32 1.95 2.22 2.65 2.96 323
Vi S, 1.17 1.86 2.11 2.54 2.92 3.26
C. Vs S5 - - - - - -
CiV, Sy 0.98 1.75 1.96 2.33 2.65 332
LV, S, 153 2.05 2.40 2.77 3.05 3.86
C,V; S5 - - - - - -
CVs S 1.64 2.11 2.39 2.96 3.12 377
C, Vs S, 0.88 1.65 1.92 2.19 2.56 3.11
C, Vs S - - - - - -
C,V; S, 1.44 2.20 2.63 2.95 334 3.85
CV: S, 127 1.85 2.35 2.62 2.95 341
A - - - - - -
C,V; S, 1.43 2.13 2.53 3.06 353 3.83
CV, S, 127 1.96 2.31 2.84 324 3.67
C,V; S - - - - - -
C, Vs S, 1.43 2.32 2.44 312 332 3.82
C, Vs S, 1.33 2.13 2.32 2.85 312 374
C, Vs S5 - - - - - -
C;Vq Sy 1.32 1.98 2.24 2.74 315 3.63
A 1.27 2.12 2.35 2.77 3.16 3.63
CV: S 1.70 2.44 2.95 341 3.81 432
C;V, S, 1.35 1.94 2.35 2.76 322 377
GV, S, 1.41 1.87 242 2.92 312 367
GV, S5 1.64 2.55 2.83 321 352 4.20
C; Vs S, 1.33 1.77 2.53 2.92 3.23 3.64
Vs S, 1.34 2.16 2.45 2.81 3.24 372
C; Vs S5 1.67 2.50 2.83 332 372 412
SEm() 0.011 | 0.015 | 0.016 | 0.019 0.015 0.015
C.D(0.05) | 0.03 0.04 0.04 0.05 0.04 0.04
C:- Softwood grafting under open condition
C»- Softwood grafting under polyhouse V1- Cricket Ball
Cs- Softwood grafting under polytunnel V.- Pala
S1- Defoliation 10 days prior to grafting V3- Oval

So- Defoliation followed by grafting on the same day
Ss— Without Defoliation
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4.1.7.2 Effect of cultivars

Regarding the cultivars, V3- Oval had maximum breadth of leaves at 30 DAG
(1.07). Similar trend was observed up to 150 DAG. Least breadth of leaves was
observed with V1 - Cricket Ball (1.06). Similar trend was observed at 120, 150 and
180 DAG. At 180 DAG, V, -Pala recorded maximum (2.92) breadth of leaves and
V; -Cricket Ball (2.81) was the lowest.

4.1.7.3 Effect of precuring

Related to precuring treatments at 30 DAG, S: defoliation 10 days prior to
grafting was found to be better (1.36), followed by S» defoliation followed by grafting
on the same day. Least leaf breadth was seen in Sz (0.56) without defoliation. Similar
trend was recorded at 60, 90,120, 150 and 180 DAG. At 180 DAG, S; defoliation 10
days prior to grafting had 3.65 leaf breadth while in S3 without defoliation had only
1.40 leaf breadth on an average.
4.1.7.4 Interaction effect of environmental conditions under which grafts are kept
and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, leaf breadth varied according the
environmental condition in which grafts are kept. At 30 DAG, C; V, -Pala under
polytunnel showed statistically higher (1.47) and minimum found in C; V; -Cricket
Ball under open condition (0.83). Similar findings were observed at 180 DAG. At 60
DAG, C3 V; (Polytunnel + Cricket Ball) had highest leaf breadth (2.18) and lowest
was in C; V2 (1.26). At 90 DAG, Cs V3 (Polytunnel + Oval) recorded maximum
(2.60) and minimum (1.44) was found in C; V; (Open + Cricket Ball). At 120 to 150
DAG, C; V3 (Polytunnel +Oval) showed highest leaf breadth. C; V, (Polytunnel
+Pala) recorded maximum (3.88) which was on par (3.86) with C; V; (Polytunnel+
Cricket Ball) and lowest was in C; V; (2.16) at 180 DAG.
4.1.7.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significantly varied. The grafts could not survive which

were non defoliated and kept in open condition. Those grafts without defoliation and
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kept in polyhouse condition also dried off. Grafts without defoliation could only
survive under poly tunnel condition. At 30 DAG, highest breadth of leaf was
observed in C3S3 (1.69) and lowest was in C; S, (1.19) grafting done in open with
same day defoliation. At 60, 90, 120, 150 and 180 DAG similar findings were
recorded. At 180 DAG, highest was in C3S3 (4.21) and lowest was in C; S, (3.41).

4.1.7.6 Interaction effect of cultivars and precuring

Varietal response to breadth of leaves of grafts under different precuring
treatments differed significantly. At 30 DAG highest leaf breadth was in V3S; Oval
with defoliation 10 days prior to grafting (1.47). Similar trend was observed at 90 and
120 DAG. At 150 and 180 DAG, V3 Sz Oval without defoliation showed
statistically highest (3.74 and 3.90) value.

4.1.7.7 Interaction effect of environmental conditions, cultivars, scion precuring

The non-defoliated grafts of cultivars, Cricket ball, Pala and Oval kept under
open condition did not survive after grafting (C; V4 Sz, C; V> S; and C; V3 S3).
Grafted plants without defoliation of cultivars, Cricket Ball, Pala and Oval which
were kept under polyhouse condition also neither emerged nor established
(C, V1S3, C, V, S;, and C, V3 S3). The survival was seen only in those grafted
plants in which grafting was done without defoliation and kept under polytunnel
condition. At 30 DAG, higher leaf breadth was observed with C3 V; Sz Cricket Ball
grafted plants without defoliation and kept in poly tunnel condition (1.77). Lowest
leaf breadth was seen in C; V3 S, Oval grafted with defoliation on same day of
grafting and kept under open condition (0.88) at 30 DAG. The trend was similar from
90 to 180 DAG. At 180 DAG, maximum leaf breadth was in C; V; S; (4.32) and
lowest was C; V3 S, (3.11). C3 V, S; (2.55) was the highest and C; V3 S, was
the lowest (1.65) at 60 DAG.

4.1.8 Number of successful grafts

There was significant variation for number of successful grafts in terms of
environmental conditions, different cultivars and scion precuring treatments from 30
to 180 DAG showed in the Table 8. Data showed significant differences between
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environmental conditions, different cultivars and scion precuring treatments and

among their interactions during the growth stages from 30 DAG to 180 DAG.
4.1.8.1 Effect of environmental conditions

The observation on number of successful grafts at 30 DAG indicated that C5 -
Polytunnel (7.55) had higher number of successful grafts followed by C». Least
number of successful grafts was observed with C; (open condition) (3.50). The trend
was similar up to final growth stages. At 180 DAG, grafts under C; -Polytunnel
recorded 7.00 number of successful grafts whereas graft under open condition had

only 3.11 number of successful grafts on an average.
4.1.8.2 Effect of cultivars

Regarding the cultivars s, V1- Cricket Ball had maximum number of successful
grafts at 30 DAG (5.55) which was on par with V2 (5.16). Least number of successful
grafts was observed with V3- Oval (4.66). Similar trend was observed up to 180 DAG.
At 180 DAG, V:-Cricket Ball recorded maximum (5.22) and V3 -Oval (4.33) was

minimum.
4.1.8.3 Effect of precuring

Regarding precuring treatments at 30 DAG, S: defoliation 10 days prior to
grafting was found to be better (6.61) followed by S defoliation followed by grafting
on the same day. Least number of successful grafts was seen in Sz (3.88) without
defoliation. Similar trend was recorded at 60, 90, 120, 150 and 180 DAG. At 180
DAG, S; defoliation 10 days prior to grafting had 6.05 successful grafts while in S3
without defoliation had only 3.88 successful grafts on an average.

4.1.8.4 Interaction effect of environmental conditions under which grafts are kept

and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, scion precuring varied according the
environmental condition in which grafts are kept. At 30 DAG, C; V; (Polytunnel +
Cricket Ball) showed higher (8.50) and lower (2.50) found in C; V3 (Open+ Oval).
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interactions on mean number of successful grafts

Table 8. Effect of environmental conditions, cultivars, scion precuring and their

Factors 30days | 60days | 90days | 120days | 150days | 180days
Factor C

C, 3.50 3.38 3.38 3.22 3.16 3.11
C, 433 4.27 4.22 4.22 411 411
G, 7.55 7.22 7.22 711 7.05 7.00
SEm (%) 0.16 0.15 0.14 0.15 0.13 0.13
C.D(0.05) | 0.46 043 0.42 0.45 0.39 0.39
Factor V

V, 5.55 5.38 5.38 5.22 5.22 5.22
V, 5.16 5.05 5.00 4.88 4,72 4.66
V, 4.66 4.44 4.44 4.44 4.38 4.33
C.D(0.05) | 0.46 0.43 0.42 0.45 0.39 0.39
SEm (1) 0.16 0.15 0.14 0.15 0.13 0.13
Factor S

S 6.61 6.44 6.38 6.22 6.16 6.05
S, 4.88 4,55 4,55 444 4.27 4.27
S; 3.88 3.88 3.88 3.88 3.88 3.88
SEm (%) 0.16 0.15 0.14 0.15 0.13 0.13
C.D(0.05) | 0.46 043 0.42 0.45 0.39 0.39
Factor

CXV

CiVy 3.83 3.66 3.66 3.33 3.33 3.33
Ci V, 4,16 4,00 4,00 3.83 3.83 3.83
Ci Vs 2.50 2.50 2.50 2.50 2.33 2.16
C, Vy 433 4.33 4.33 433 433 4.33
C, V, 4,50 4.50 4.33 433 4.00 4.00
C, V; 4.16 4.00 4.00 4.00 4.00 4.00
Cs Vy 8.50 8.16 8.16 8.00 8.00 8.00
Cs V, 6.83 6.66 6.66 6.50 6.33 6.16
Cs Vs 7.33 6.83 6.83 6.83 6.83 6.83
SEm(z) 0.27 0.26 0.25 0.27 0.23 0.23
C.D(0.05) 0.80 0.75 0.73 0.79 0.68 0.68
Factor

CXS

C S 5.50 5.50 5.50 5.16 5.00 4.83
C S, 5.00 4.66 4.66 4,50 4,50 4.50
C1 33 = - - = = =

C; S 8.66 8.50 8.33 8.33 8.33 8.33
C; S, 433 4.33 4.33 433 4,00 4,00
C; S - - - - - -

C; S, 5.66 5.33 5.33 5.16 5.16 5.00
C: S, 5.33 4.66 4.66 450 433 433
Cs: S 11.66 11.66 11.66 11.66 11.66 11.50
SEm (%) 0.27 0.26 0.25 0.27 0.23 0.23
C.D(0.05) 0.80 0.75 0.73 0.79 0.68 0.68
Factor

VXS

Vi § 6.66 6.50 6.50 6.16 6.16 6.16
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Table 8(contd...)

Vi S, 5.33 5.00 5.00 4.83 4.83 4.83
Vi S 4.66 4.66 4.66 4.66 4.66 4.66
V, § 7.00 7.00 6.83 6.66 6.66 6.50
V, S, 5.00 4,66 4,66 450 4,00 4.00
V, S 3.50 3.50 3.50 3.50 3.50 3.50
Vs § 6.16 5.83 5.83 5.83 5.66 5.50
Vs S, 4.33 4.00 4.00 4.00 4.00 4.00
Vs S 3.50 3.50 3.50 3.50 3.50 3.50
SEm (1) 0.27 0.26 0.25 0.27 0.23 0.23
C.D(0.05) | NS NS NS NS 0.68 0.68
Factor

CXVXS

C Vi § 4.50 450 450 3.50 3.50 3.50
G V: S, 7.00 6.50 6.50 6.50 6.50 6.50
C Vi & - - - - - -
C,V, & 7.50 7.50 7.50 7.50 7.50 7.50
C,V, S, 5.00 450 450 4.00 4,00 4.00
C,V, S - - - - - -

C, V3§ 4.50 450 450 450 4.00 3.50
C,V; S, 3.00 3.00 3.00 3.00 3.00 3.00
C,V; S - - - - - -
C,V; & 9.00 9.00 9.00 9.00 9.00 9.00
C,V: S, 4.00 4.00 4.00 4.00 4,00 4.00
C, Vi S - - - - - -
C,V, S 8.50 8.50 8.00 8.00 8.00 8.00
C,V, S, 5.00 5.00 5.00 5.00 4,00 4.00
C,V, S - - - - - -
C,V; & 8.50 8.00 8.00 8.00 8.00 8.00
C,V; S, 4.00 4.00 4.00 4.00 4.00 4.00
C,V; S - - - - - -

C; Vi S 6.50 6.00 6.00 6.00 6.00 6.00
C;V: S, 5.00 450 450 4.00 4,00 4.00
C;V: S5 14.00 14.00 11.66 11.66 11.66 11.50
C,V, S 5.00 5.00 5.00 450 450 4.00
CV, S, 5.00 450 450 450 4.00 4.00
GV, S 10.50 10.50 10.50 10.50 10.50 10.50
C;V; S, 5.50 5.00 5.00 5.00 5.00 5.00
CV; S, 6.00 5.00 5.00 5.00 5.00 5.00
C;V; S5 10.50 10.50 10.50 10.50 10.50 10.50
SEm() 0.48 0.45 0.44 0.47 0.40 0.40
C.D(0.05) | 1.39 1.31 1.28 1.36 1.18 1.18

C. - Softwood grafting under open

C, - Softwood grafting under polyhouse
C; - Softwood grafting under polytunnel
S; - Defoliation 10 days prior to grafting

V1- Cricket Ball
Vo- Pala
V3- Oval

S, - Defoliation followed by grafting on the same day

S; - Without Defoliation
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Similar findings were observed up to 180 DAG. At 180 DAG, C3V; -Polytunnel+
Cricket Ball had highest (8.00) successful grafts and lowest was in C;V3 (2.16).

4.1.8.5 Interaction effect of environmental conditions under which grafts are kept

and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open condition could not survive Those non defoliated grafts
which were kept in polyhouse condition also dried off. The survival was only with the
non defoliated grafts which were kept under poly tunnel condition. At 30 DAG,
highest number of successful grafts was observed in C3Sz (11.66) and lowest was in
C, S, (4.33) grafting done in poly house with same day defoliation. At 60, 90, 120,
150 and 180 DAG similar findings were recorded. At 180 DAG, maximum was in
C3S3(11.50) and lowest was in C, S, (4.00).

4.1.8.6 Interaction effect of cultivars and precuring

Varietal response to number of successful grafts of grafts under different
precuring treatments had found to be insignificant from 30 to 120 DAG and
significant difference was observed at 150 and 180 DAG. At 150 and 180 DAG,
V, S; Pala with 10 days prior defoliation produced maximum value (6.66 and 6.50)
which was on par with V; S; (6.16). Minimum value (3.50) was showed in V, S;
Pala without defoliation and V5 S; Oval without defoliation at 150 and 180 DAG.

4.1.8.7 Interaction effect of environmental conditions, cultivars, scion precuring

The grafts without scion defoliation of cultivars, (Cricket Ball, Pala, Oval)
kept under open (C; V; Sz, C; V, S3 and C; V3 S3 ) and poly house condition
did not survive after grafting (C, V1 S;, C; V, S3 and C, V3 S3 ). Those grafted
plants in which grafting was done without defoliation could survive only under
polytunnel condition. At 30 DAG, maximum number of successful grafts was
observed with C3; V; S; Cricket Ball grafted without defoliation and kept in poly
tunnel condition (14.00). Lowest number of successful grafts was seen in C; V3 S,
Oval grafted with defoliation on the day of grafting and kept under open condition
(3.00) at 30 DAG. The trend was similar up to 180 DAG. At 180 DAG, maximum
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number of successful grafts was observed in C; V; Sz (11.50) which was on par with
C3V.S3 and C3V3S3z and lowest was C; V3 S, (3.00).

4.1.9.1 Success percentage

There was significant variation of success percentage in terms of
environmental conditions, different cultivars and scion precuring treatments at 90
DAG as shown in the Table 9.

4.1.9.1.1 Effect of environmental conditions

The observation on success percentage at 90 DAG indicated that C; -
Polytunnel (48.14) had higher success percentage followed by C,. Least number of

success percentage was observed with C; (open condition) (22.59).
4.1.9.1.2 Effect of cultivars

Regarding the cultivars, V1- Cricket Ball had maximum success percentage at
90 DAG (35.92). Least success percentage was observed with V3 - Oval (29.63).

4.1.9.1.3 Effect of precuring

Considering the precuring treatments at 90 DAG, S: defoliation 10 days prior to
grafting was found to be better (42.59) followed by S» defoliation followed by grafting
on the same day. Least number of successful grafts was seen in Sz (25.92) without
defoliation.

4.1.9.1.4 Interaction effect of environmental conditions under which grafts are

kept and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, scion precuring varied according the
environmental condition in which grafts are kept. At 90 DAG, Cz; V; (Polytunnel +
Cricket Ball) showed statistically higher (54.44) and lower (16.66) found in C; V;
(Open + Oval).
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4.1.9.1.5 Interaction effect of environmental conditions under which grafts are

kept and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open condition could not survive. Those grafts without
defoliation and kept in polyhouse condition also dried off. Grafts without defoliation
could only survive under poly tunnel condition. At 90 DAG, highest success
percentage of grafts was observed in C3Ss (77.77) and lowest was in C; S, (28.88)

grafting done in poly house with same day defoliation.

4.1.9.1.6 Interaction effect of cultivars and precuring

Varietal response to success percentage of grafts under different precuring

treatments had found to be insignificant at 90 DAG.
4.1.9.1.7 Interaction effect of environmental conditions, cultivars, scion precuring

The non-defoliated grafts of cultivars (Cricket Ball, Pala and Oval) kept
under open condition (C; V; Sz, C; V, S; and C; V3 S; ) and polyhouse
condition (C, V4 Sz, C, V, S; and C, V3 S; ) did not become successful after
grafting. The grafted plants wherein grafting was done without defoliation only had
survival under polytunnel condition. At 90 DAG, highest success percentage was
observed with C; V1S3 Cricket Ball grafted without defoliation and kept in poly
tunnel condition (77.77) which was on par with C3V2S; and C5V3S; . Lowest number
of successful grafts was seen in C; V3 S, Oval grafted with defoliation on the day of
grafting and kept under open condition (20.00) at 90 DAG.

4.1.9.2 Survival percentage
4.1.9.2.1 Effect of environmental conditions

The observation on survival percentage (Table 9) at 180 DAG indicated that
C; -Polytunnel (46.66) had higher survival percentage followed by C». Least number

of survival percentage was observed with C; (open condition) (20.74).
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4.1.9.2.2 Effect of cultivars

Regarding the cultivars, V1i- Cricket Ball had maximum survival percentage at
180 DAG (34.81). Least survival percentage was observed with V3 - Oval (28.88).

4.1.9.2.3 Effect of precuring

Regarding precuring treatments at 180 DAG, S: defoliation 10 days prior to
grafting was found to be better (40.37) followed by S, defoliation followed by grafting
on the same day. Least number of successful grafts was seen in Sz (25.92) without

defoliation.

4.1.9.2.4 Interaction effect of environmental conditions under which grafts are

kept and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, scion precuring varied according the
environmental condition in which grafts are kept. At 180 DAG, C; V;
(Polytunnel+Cricket Ball) showed statistically higher (53.33) and lower (14.44) found
in C; V3 (Open+Oval).

4.1.9.2.5 Interaction effect of environmental conditions under which grafts are

kept and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open condition could not survive. Those grafts without
defoliation and kept in polyhouse condition also dried off. Grafts without defoliation
could only survive under poly tunnel condition. At 180 DAG, highest survival
percentage of grafts was observed in C3Ss (76.66) and lowest was in C, S, (26.66)

grafting done in poly house with same day defoliation.
4.1.9.2.6 Interaction effect of cultivars and precuring

Varietal response to success percentage of grafts under different precuring
treatments had found to be insignificant at 180 DAG.V, S; Pala with 10 days prior
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defoliation showed highest survival percentage (43.33) which was on par with
V; S; (41.11). Lowest survival percentage was found in V3 S; and V, Sz (23.33).

4.1.9.2.7 Interaction effect of environmental conditions, cultivars, scion precuring

The non-defoliated grafts of cultivars, Cricket Ball, Pala and Oval kept under
open condition did not survive after grafting (C; V; Sz ,C; V2 S; and C; V3 S3).
No survival was found in non defoliated grafts of cultivars (Cricket Ball, Pala and
Oval) which were kept under polyhouse condition(C, V; S;, C, V, Sz and
C. V3 S3 ). Those grafts wherein grafting was done without defoliation could survive
only under the polytunnel condition. At 180 DAG, highest survival percentage was
observed with C; V; S3 Cricket Ball grafted without defoliation and kept in poly
tunnel condition (76.66). Lowest number of survival percentage was seen in
C; V3 S, Oval grafted with defoliation on the day of grafting and kept under open
condition (20.00) at 180 DAG.

4.1.9.3 Fresh weight
4.1.9.3.1 Effect of environmental conditions

The observation on fresh weight (Table 9) at 180 DAG indicated that C; -
Polytunnel (22.11) had higher survival percentage followed by C». Least number of
fresh weight was observed with C, (polyhouse condition) (10.01).

4.1.9.3.2 Effect of cultivars

Regarding the cultivars, V»- Pala had maximum fresh weight at 180 DAG
(15.26). Least fresh weight was observed with V1 —Cricket Ball (13.88).

4.1.9.3.3 Effect of precuring

Regarding precuring treatments at 180 DAG, S: defoliation 10 days prior to
grafting was found to be better (17.73) followed by S, defoliation followed by

grafting on the same day. Fresh weight was less in Sz (10.69) without defoliation.
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Table 9. Effect of environmental conditions, cultivars, scion precuring
and their interactions on survival percentage, fresh weight, dry weight

(180 DAG) and success percentage (90 DAG)

Factors Success Survival Fresh Dry
percentage percentage weight weight
90 DAG 180DAG
Factor C
C 22.59(23.57) 20.74(22.37) 10.01 4.33
G 28.14(26.88) 27.40(26.42) 11.04 4.90
G 48.14 (44.45) 46.66(43.50) 22.11 10.01
SEm (1) 0.980(0.59) 0.907(1.61) 0.007 0.006
C.D(0.05) | 2.84(1.71) 2.63(0.55) 0.02 0.01
Factor V
A 35.92(33.73) 34.81(32.99) 15.26 6.76
V, 33.33(31.24) 31.11(30.34) 13.80 6.16
Vs, 29.63(29.44) 28.88(28.97) 14.11 6.32
C.D(0.05) | 2.84(1.71) 2.63(0.55) 0.02 0.01
SEm (1) 0.980(0.59) 0.907(1.61) 0.007 0.006
Factor S
St 42.59(40.63) 40.37(39.20) 17.73 7.99
S, 30.37(30.31) 28.51(32.14) 14.75 6.39
S; 25.92(20.96) 25.92(20.96) 10.69 4.86
SEm (1) 0.980(0.59) 0.907(1.61) 0.007 0.006
C.D(0.05) | 2.84(1.71) 2.63(0.55) 0.02 0.01
Factor
CXV
C vy 24.44 (24.75) 22.22(23.30) 11.46 5.17
C V, 26.66(26.05) 25.55(25.36) 11.85 5.22
Cy Vs 16.66(19.91) 14.44(18.46) 9.82 433
C; Vy 28.88(27.28) 28.88(27.28) 8.09 3.02
C; V, 28.88(27.28) 26.66(26.00) 11.04 5.02
C; Vs 26.66(26.00) 26.66(26.00) 10.91 4.95
Cs Vy 54.44(49.14) 53.33(48.30) 22.87 10.30
Cs V, 44.44(41.75) 41.11(39.6) 21.86 10.04
Cs Vs 45.55(42.45) 45.50(42.4) 21.61 9.68
SEm(z) 1.69 1.57 0.01 0.01
C.D(0.05) | 4.92 4.56 0.03 0.03
Factor
CXS
C S 36.66 (37.11) 32.22(34.21) 18.10 7.97
C. S, 31.11 (33.61) 30.00(32.91) 15.04 6.75
C1 83 = = = =
S 55.55(48.19) 55.55(48.19) 18.12 8.48
G S, 28.88(32.44) 26.66(31.09) 11.92 450
C, S - - - -
CGS 35.55(36.58) 33.33(35.19) 16.98 7.53
G S, 31.11(33.87) 28.88(32.42) 17.29 7.92
C; S 77.77(62.89) 76.66(61.90) 32.08 14.58
SEm (1) 1.69(1.02) 1.57(0.96) 0.012 0.011
C.D(0.05) | 4.92(2.96) 4.56(2.8) 0.036 0.030
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Table 9(contd...)

Factor VXS

Vi $; 43.33(41.05) 41.11(39.60) 14.37 6.66
Vi S, 33.33(35.11) 32.22(34.36) 14.69 6.14
Vi S; 31.11(25.01) 31.11(25.01) 12.35 5.68
Vy §; 45.55(42.39) 43.33(41.00) 19.50 8.92
V, S 31.11 (33.83) 26.66(31.09) 15.83 7.21
V, S3 23.33(18.94) 23.33(18.94) 10.44 4.68
Vs § 38.88(38.45) 36.66(37.00) 19.33 8.39
Vs S, 26.66(31.97) 26.66(31.97) 13.73 5.82
Vs S3 23.33(18.94) 23.33(18.94) 9.28 4.21
SEm (3) 1.69 1.57(0.96) 0.01 0.01
CD NS 4.56(2.8) 0.03 0.03
Factor CXVXS

C Vi S 30.00(33.17) 23.33(28.82) 16.88 7.43
GV S, 43.33(41.08) 43.33(41.08) 1751 8.07
Ci Vi S - - - -
CV; S 50.00(45.00) 50.00(45.00) 17.81 7.62
GV, S, 30.00(33.17) 26.66(31.09) 17.76 8.05
C, V, S - - - -

C Vs S, 30.00(33.17) 23.33(28.82) 19.63 8.86
C, V3§, 20.00(26.56) 20.00(26.56) 9.84 412
C, V3 S - - - -

C, Vi S 60.00(50.76) 60.00(50.76) 11.68 4.93
C, Vi S 26.66(31.09) 26.66(31.09) 12.59 4.13
C, Vi S - - - -
C,V; S 53.33(46.91) 53.33(46.91) 22.86 10.71
C,V; S, 33.33(35.16) 26.66(31.09) 10.28 4.36
C, V; S; - - - -

C, Vs S, 53.33(46.91) 53.33(46.91) 19.83 9.81
C, Vs S, 26.66(31.09) 26.66(31.09) 12.91 5.04
C, V3 S; - - - -

C; Vi S, 40.00(39.23) 40.00(39.23) 14.55 7.63
C Vi S, 30.00(33.17) 26.66(31.09) 13.97 6.23
C; Vi S 77.77(62.89) 76.66 (61.90) 32.06 15.04
CV; S, 33.33(35.16) 26.66(31.09) 17.84 6.85
GV, S, 30.00(33.17) 26.66(31.09) 19.44 9.22
C; V, S 70.00(56.82) 70.00(56.82) 31.34 14.06
C; Vs S, 33.33(35.16) 33.33(35.16) 18.54 8.11
C; Vs S, 33.33(35.16) 33.33(35.16) 18.45 8.31
C; V3 S 70.00(56.82) 70.00(56.82) 27.84 12.64
SEm(z) 2.94 (1.77) 2.72(1.67) 0.02 0.01
C.D(0.05) 8.53 (5.13) 7.90(4.85) 0.06 0.05

C:- Softwood grafting under open condition

C»- Softwood grafting under polyhouse

Cs- Softwood grafting under polytunnel

S; - Defoliation 10 days prior to grafting

V1- Cricket Ball

V»- Pala
V3- Oval

S, - Defoliation followed by grafting on the same day
S;- Without Defoliation
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4.1.9.3.4 Interaction effect of environmental conditions under which grafts were

kept and cultivars.

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, scion precuring varied according
the environmental condition in which grafts are kept. At 180 DAG, C; V,
(Polytunnel+QOval) showed statistically higher value (22.87) and lower value (8.09)
found in C, V; (Polyhouse+Cricket Ball).

4.1.9.3.5 Interaction effect of environmental conditions under which grafts were

kept and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open condition could not survive. Those grafts without
defoliation and kept in polyhouse condition also dried off. Grafts without
defoliation could only survive under poly tunnel condition. At 180 DAG, highest
fresh weight of grafts was observed in C3S3 (32.08) and lowest was in C,S, (11.92)

grafting done in poly house with same day defoliation.
4.1.9.3.6 Interaction effect of cultivars and precuring

Varietal response to fresh weight of grafts under different precuring
treatments had found to be insignificant at 180 DAG.V,S, Pala with 10 days prior
defoliation showed highest fresh weight (19.50). Lowest fresh weight was found in
V1S3 (9.28).

4.1.9.3.7 Interaction effect of environmental conditions, cultivars, scion precuring

The grafted plants kept under open and polyhouse condition without
defoliation of cultivars, (Cricket Ball, Pala and Oval) did not survive after grafting
(Cy V1S3, C; V, S; and C; V3 S3 ). Those grafted plants wherein grafting was
done without defoliation could survive only under the polytunnel condition. At 180
DAG, highest fresh weight was observed with C;V1S; Cricket Ball grafted without
defoliation and kept in poly tunnel condition (37.06). Lowest number of fresh weight
was seen in C; V3 S, Oval grafted with defoliation on the day of grafting and kept
under open condition (9.84) at 180 DAG.
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4.1.9.4 Dry weight
4.1.9.4.1 Effect of environmental conditions

The observation (Table 9) on dry weight at 180 DAG indicated that C; -
Polytunnel (10.01) had higher dry weight followed by C. Least number of dry weight
was observed with C, (polyhouse condition) (4.33).

4.1.9.4.2 Effect of cultivars

Regarding the cultivars, V.- Pala had maximum dry weight at 180 DAG
(6.76). Least dry weight was observed with V1 —Cricket Ball (6.16).

4.1.9.4.3 Effect of precuring

Regarding precuring treatments at 180 DAG, S: defoliation 10 days prior to
grafting was found to be better (7.99) followed by S defoliation followed by grafting
on the same day. Dry weight was less in Sz (4.86) without defoliation.

4.1.9.4.4 Interaction effect of environmental conditions under which grafts are

kept and cultivars

Interaction effect of environmental conditions and different cultivars was
statistically significant that in different cultivars, scion precuring varied according the
environmental condition in which grafts are kept. At 180 DAG,
Cs Vi (Polytunnel+Cricket Ball) produced statistically maximum (10.30) and
minimum values (3.02) in C, V; (Polyhouse+Cricket Ball).

4.1.9.4.5 Interaction effect of environmental conditions under which grafts are
kept and precuring

The interaction between environmental conditions under which grafts are kept
and precuring was found to be significant statistically. The grafts done without
defoliation and kept in open and polyhouse condition had dried off. Grafts without
defoliation could only survive under poly tunnel condition. At 180 DAG, highest dry
weight of grafts was observed in C3Sz (14.58) and lowest was in C, S, (4.50)

grafting done in poly house with same day defoliation.
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4.1.9.4.6 Interaction effect of cultivars and precuring

Varietal effect of fresh weight of grafts under different precuring treatments
had found to be significant at 180 DAG.V; S; Oval with 10 days prior defoliation
showed highest dry weight (8.92). Lowest fresh weight was found in V3 S; (4.21).

4.1.9.4.7 Interaction effect of environmental conditions, cultivars, scion precuring

There was no survival observed in non defoliated grafted plants of cultivars,
(Cricket Ball, Pala and Oval) which were kept under open (C; V; Sz ,C; V, S; and
C; V3 S3 ) and polyhouse condition (C, V; S3, C; V, S, and C, V3 Sz ). Those
grafted plants wherein grafting was done without defoliation could survive only under
the polytunnel condition. At 180 DAG, highest dry weight was observed with
Cs V; S; Cricket Ball grafted without defoliation and kept in poly tunnel condition
(17.06). Lowest number of fresh weight was seen in C, V; S, Cricket Ball grafted
with defoliation on the day of grafting and kept under polyhouse condition (4.12) at
180 DAG.

4.1.10 Temperature and humidity

From data given in Table 10. indicated that from first week after grafting to
4" week after grafting, humidity was highest at polytunnel conditions
(80.45,73.5,82.13 and 79.50 respectively) where grafts showed highest success
(48.14) and survival (46.66) per cent. Humidity was lowest at open conditions from
first week after grafting to 4" week after grafting (68.12,54.45,56.34 and 62.5).
Temperature was more at polyhouse condition from first week after grafting to 4%
week after grafting (32.65,32.26,35.05 and 31.85 respectively). Temperature was
recorded lower at open conditions compared with other two conditions
(32.55,31.2,34.65 and 31.25 respectively) from first week after grafting to 4" week
after grafting.
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Table 10. Effect of temperature and humidity under different environmental

conditions

Conditions Open Polyhouse Polytunnel

Parameters 'I;emperature Humidity 'I;emperature Humidity Temperature(oc)

(¢ (¢ Humidity

1WAG 32.55 68.12 32.65 73.21 32.6 80.45

2 WAG 31.2 54.45 32.26 66.25 319 73.5
3WAG 34.65 56.34 35.05 65.5 34.88 82.13

4 WAG 31.25 62.5 31.85 69.37 315 79.5
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Plate 3: Growth of grafts under polytunnel condition at 30 DAG (After opening
cladding material)

Plate 4: Grafts under open condition at 30 DAG Plate 5: Grafts under polyhouse
at 30 DAG

Plate 6:New leaves on defoliated graft Plate 7: New leaves on non defoliated graft

at polytunnel conditions



Plate 8: Growth of grafts at 90 DAG

T, -C; V1 S
T,-Ci1 V1 S,
T,-Ci V2 S
Ts-C1 V2 S,
T,-C1 V3 S
Ts-Cy V3 S;
T10-C2 V1 Sy

T,1-C2 V1 S,

T13-C,V,: Sy
Ti14 -C2 V2 S,
T16 -C2 V3 S,
T, -C2 V3 S,
T10 -C3V1 Sy
T20 -C3 V1 S,

T,1-C3V:1S3
T, 2-C3 V2 S
T,3-C3 V2 S,
T, 4-C3 V2 S;3
T, 5-C3 V3 S,
T26-C3 V3 S,
T, 7-C3 V3 S3




T, -

—
Plate 9(a,b and c): Growth of grafts at 150 DAG
T, Ci V1S T,1-Co V1 S, T,1-C3V;S;3
T,-C; V.1 S, T,3-C,V, S T,,-C3V, S,
T,-C1V, S Ti4 -C V3 S, T,3-C3V, S,
Ts-C1 V2 S, Ti6 -Cy V3 S; T, 4-C3V, S3
T,-C4 Vs S T,7 -C, V3 S, T,5-C3V3: S,
Tg-C1 V3 S, Ti9 -C3V: Sy T,6-C3V3 S,
Ti0-Co V1 S: T,0 -C3 V1 S, T, 7-C3 V3 S;3




Plate 12: Final establishment of graft growth Platel3: Dried up grafts (Non

after shifting to shade condition (180 DAG) defoliated under opené& polyhouse)



4.2 Experiment 2: Effect of cytokinin for improving success of sapota grafting

4.2.1 Number of leaves

The data indicating number of leaves of graft as influenced by concentration of
cytokinin and different days of cytokinin application from 30 to 180 DAG showed in
Tablell. There was a significant difference observed between concentration of
cytokinin and different days of cytokinin application and among their interactions also
from 30 DAG to 180 DAG.

4.2.1.1 Effect of cytokinin concentration

At 30 DAG maximum number of leaves (12.56) was observed in cytokinin
concentration at 200ppm (P5 ) which was on par with P2- concentration of cytokinin at
150ppm (12.55) and Pi-concentration of cytokinin at 100ppm (11.90). Concentration
of cytokinin at control (P4) level showed the least (9.76) leaves number on an average.
Similar findings were followed from 90 to 180 DAG. At 60 DAG, (P2)-concentration
of cytokinin at 150ppm had higher number of leaves (14.60) which was on par with
Ps- concentration of cytokinin at 200ppm (14.56). Concentration of cytokinin at
control (P4) level showed the least (11.91) number of leaves. At 180 DAG revealed
that significantly higher (22.33) number of leaves was shown by concentration of
cytokinin at 200 ppm (P3) and 150 ppm (P2). Cytokinin at control (P4) showed

minimum (19.93) number of leaves.

4.2.1.2 Effect of days of cytokinin application

Related to days of cytokinin application at 30 DAG, D;-0" day prior to
grafting (12.83) showed maximum number of leaves followed by D»-5" day prior to
grafting (11.81) and Dz-10" day prior to grafting (10.43) and they significantly
differed from Di. There was similarity followed in observation from 90 to 180 DAG.
Higher value on number of leaves was found in D1-0™ day prior to grafting (22.62)
and Dz-10" day prior to grafting (20.60) was lower at 180 DAG.

4.2.1.3 Effect of cytokinin concentration and days of cytokinin application

Response of cytokinin concentration at different days showed that at 30 DAG,

PsDs-concentration of cytokinin at 200ppm-+0" day prior to grafting recorded
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Table 11. Effect of cytokinin concentration, days of application and their

interactions on mean number of leaves

Factors | 30days | 60days | 90days | 120days | 150days | 180days

Factor P

Py 11.90 | 13.83 | 1593 | 1781 19.65 21.55
P, 1255 | 14.60 | 16.86 | 18.78 20.60 22.33
Ps 1256 | 1456 |17.18 | 18.86 20.90 22.33
P, 9.76 1191 | 1461 | 16.73 18.30 19.93

SEm(@) |022 |057 |050 |061 0.44 053
CD(0.05) [0.70 018 |016 |0.19 0.146 | 0.17

Factor D

D, 1283 | 15.02 | 17.23 | 19.18 20.98 22.62
D, 1181 | 13.80 | 16.21 | 18.00 19.90 21.38
Ds 10.43 | 1240 | 15.00 | 16.96 18.70 20.60

SEm () | 0.19 0.16 0.14 0.17 0.12 0.15
C.D(0.05) | 0.60 0.49 0.44 0.53 0.38 0.46
Interaction effects PXD
P, D, 12.80 | 1490 | 16.65 | 18.60 20.50 22.50
P, D, 11.90 | 13.95 | 16.10 | 18.00 19.50 21.40
P, Ds 11.00 | 1265 | 15.05 | 16.85 18.95 20.75
P, D, 13.80 | 15.85 | 17.60 | 19.45 21.40 23.10
P, D, 12.15 | 14.10 | 15.90 | 18.00 20.00 21.50
P, D3 11.70 | 14.00 | 17.10 | 18.90 20.40 22.40
P; D, 14.80 | 16.90 | 19.80 | 21.55 23.50 24.30
P; D, 13.15 | 1465 | 16.90 | 18.50 20.75 22.25
P; Ds 9.75 12.15 | 14.85 | 16.55 18.45 20.45
P, Dy 9.95 12.45 14.90 17.15 18.55 20.60
P, D, 10.05 12.50 15.95 17.50 19.35 20.40
P, Ds 9.30 10.80 | 13.00 | 15.55 17.00 18.80
SEm () | 0.39 0.32 0.28 0.34 0.25 0.03

C.D(0.05) | 1.21 0.99 0.88 1.06 0.77 0.09

P1:100 ppm D1:0" day prior to grafting
P2:150 ppm D.:5" day prior to grafting
P3: 200 ppm D3:10™ day prior to grafting
P4: Control
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maximum (14.80) which was on par with P.D; (13.80). P4Ds -concentration of
cytokinin at control+10" day prior to grafting (9.30) was minimum which was on par
with P3Ds-concentration of cytokinin at 200ppm-+10" day prior to grafting (9.75). At
60 DAG higher (16.90) number of leaves observed with PsD: (concentration of
cytokinin at 200ppm +0™ day prior to grafting). P4Ds- concentration of cytokinin at
control+10™ day prior to grafting (10.80) was the treatment with minimum value.
Same trend was followed till 180 DAG. At 180 DAG, interaction effect of P3D;
concentration of cytokinin at 200ppm +0™ day prior to grafting showed higher number

of leaves (24.30) on number of leaves.
4.2.2 Length of scion shoot

Concentration of cytokinin, different days of cytokinin application and their
interactions effect had significantly influenced on length of scion shoot from 30 DAG
to 180 DAG given in Table 12.

4.2.2.1 Effect of cytokinin concentration

Regarding cytokinin concentration at 30 DAG higher scion shoot length was
observed in cytokinin application at 100ppm (P1) (11.90). Length of scion was
minimum at control (P4) level (8.43). Ps showed more scion length (13.23) at 60 DAG
and minimum was in P4 (11.66) Similar trend was followed up to 180 DAG.

4.2.2.2 Effect of days of cytokinin application

Response of cytokinin application at different days showed that, D1-0"" day
prior to grafting (11.90) had maximum scion length followed by Ds-10" day prior to
grafting (11.09) which was on par with D2-5"" day prior to grafting (11.06) at 30 DAG.
There was a similar trend followed till 180 DAG. At 180 DAG, D;-0" day prior to
grafting (20.73) had highest scion length followed by D2-(19.43). D3-(19.30) had

minimum length of scion which was significantly differed from Dy,
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Table 12. Effect of cytokinin concentration, days of application and their

interactions on mean length of scion shoot

Factors [ 30days | 60days | 90days | 120days | 150days | 180days

Factor P
P4 1190 | 12.33 13.14 14.20 16.71 19.66
P, 11.33 | 12.70 13.62 14.67 17.14 19.98
P3 11.15 | 13.23 14.39 15.90 18.10 20.73
Py 8.43 11.66 1241 13.31 15.24 18.33
SEm (+ 0.05 0.07 0.01 0.03 0.16 0.20
C.D(0.05 | 0.17 0.15 0.05 0.11 0.51 0.62
)
Factor D
D, 11.90 | 13.01 14.03 15.31 17.39 20.73
D, 11.06 | 12.22 13.11 14.19 16.51 19.43
Ds; 11.09 |12.21 13.03 14.05 16.49 19.30
SEm (£ 0.05 0.08 0.01 0.03 0.14 0.17
C.D(0.05 | 0.15 0.27 0.05 0.09 0.44 0.54
)
Interaction effects PXD
P, D1 11.38 | 12.89 13.57 14.75 17.14 20.20
P, D, 11.26 | 12.19 13.06 14.22 16.79 19.54
P, Ds 10.81 | 11.92 12.79 13.63 16.21 19.25
P, D1 11.32 | 12.76 13.69 14.90 17.18 20.18
P, D, 11.39 12.55 13.66 14.43 16.92 19.37
P, Ds 11.27 | 12.78 1351 14.68 17.31 20.41
P3; D1 12.60 | 14.65 16.41 18.12 20.19 22.50
P3; D, 11.32 | 12.59 13.26 14.86 17.01 20.29
P; D3 11.78 12.47 13.50 14.72 17.10 1941
Py D1 10.17 | 11.75 12.45 13.47 15.08 18.32
Py Dy 10.30 11.57 12.46 13.26 15.31 18.52
P4y Ds 10.20 | 11.66 12.33 13.19 15.33 18.15
SEm(x) |0.10 0.08 0.03 0.06 0.28 0.35
CD(0.05) | 0.31 0.27 0.09 0.19 0.88 1.08
P1:100 ppm D1:0" day prior to grafting
P2:150 ppm D:5" day prior to grafting
P3: 200 ppm D3:10" day prior to grafting
P4: Control
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4.2.2.3 Effect of interaction effect of days of cytokinin application and

concentration of cytokinin

Regarding the application of cytokinin at different days, length of scion
differed statistically. At 30 DAG, PsDi- concentration of cytokinin at 200 ppm
+0" day prior to grafting (12.60) had maximum length of scion. P4Ds-
concentration of cytokinin at control+0™ day prior to grafting had minimum
(10.17) length of scion shoot which was on par with PsD>-concentration of
cytokinin at control +5™ day prior to grafting (10.30) and PsDs- concentration of
cytokinin at control+10™ day prior to grafting (10.20). At 60 DAG, among
interaction effects PsD1- concentration of cytokinin at 200 ppm +0" day prior to
grafting was found to be better treatment (14.65) and PsDs- concentration of
cytokinin at control+10™ day prior to grafting (11.66) was interaction treatment

with minimum value. Same tendency was observed till 180 DAG.
4.2.3 Leaf area

Leaf area from 30 DAG to 180 DAG was highly influenced by different
concentration of cytokinin and days of cytokinin application as an individual

treatments and interaction treatments given in the table 13.
4.2.3.1 Effect of cytokinin concentration

Highest area of leaf at 30 DAG observed when cytokinin applied at 200 ppm
(P3) (10.40) and cytokinin at control (Ps4) had least (5.42) leaf area. At 60 DAG
cytokinin concentration at 200 ppm (P3) had highest area of leaf (14.79) followed
by P2-concentration of cytokinin at 150 ppm (11.75). Concentration of cytokinin
at control (P4) level was minimum leaf area on an average (7.15). The same trend
was followed up to 180 DAG.

4.2.3.2 Effect of days of cytokinin application

Considering application of cytokinin at different days, maximum leaf area was
found when cytokinin applied on D:-same day of grafting (8.67) followed by D»-
5% day prior to grafting (7.77) which was on par with D3-10" day prior to grafting
(7.62) with least value of leaf area at 30 DAG. The trending of result was same
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Table 13. Effect of cytokinin concentration, days of application and their

interactions on mean leaf area

Factors 30 60 90 120 150 180
days days days days days days
Factor P
Py 7.66 1156 | 14.69 | 19.30 25.84 30.81
P, 8.60 11.75 | 1468 | 20.25 26.83 32.56
P3 1040 | 1479 |19.11 | 24.46 30.59 35.41
P, 5.42 7.15 1042 | 1331 16.90 23.14
SEm (z) 0.22 0.22 0.24 0.36 041 0.66
C.D(0.05) 0.67 0.69 0.74 111 1.28 2.04
Factor D
D1 8.67 13.05 [ 17.09 | 23.56 27.93 33.30
D, 7.77 11.10 | 14.76 | 18.53 25.54 31.06
Ds 7.62 9.79 12.33 | 15.90 21.65 27.07
SEm (+) 019 [019 [o021 [o31 0.36 0.57
C.D(0.05) 0.58 0.60 0.64 0.96 111 1.77
Interaction effects PXD
P, D; 8.22 1433 | 18.61 | 24.02 29.39 33.65
P; D, 8.10 11.27 | 14.10 | 19.09 27.11 30.44
P, Ds 6.65 9.07 11.36 | 14.80 21.03 28.33
P, D; 9.01 13.10 | 16.88 | 26.34 30.17 32.90
P, D, 8.60 11.48 14.65 18.50 27.26 34.74
P, D; 8.20 10.68 | 1252 | 15.91 23.06 30.04
P; D, 1250 |[17.30 | 2259 | 30.12 35.07 41.27
Ps; D, 9.48 15.31 | 20.00 | 23.86 30.67 36.32
Ps; Dj 9.16 11.78 14,74 19.40 26.05 28.66
Py, Dy 4.89 7.48 10.27 13.75 17.11 25.40
P4 D, 4.89 6.36 10.30 | 12.68 17.12 22.75
P4 Ds 6.49 7.63 10.70 | 13.50 16.48 21.27
SEm (+) 038 [039 [042 [062 0.72 1.15
CD(0.05 [117 [121 [129 [1.93 2.22 3.54
P1:100 ppm D1:0" day prior to grafting
P,:150 ppm D2:5" day prior to grafting
P3: 200 ppm D3:10™ day prior to grafting
P4: Control
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till 180 DAG. Related to days of cytokinin application, at 180 DAG, D1-0th day prior
to grafting (33.30) had highest value followed by D,-5th day prior to grafting (31.06)
and Dz-10th day prior to grafting (27.07) and they significantly differed from D;.

4.2.3.3 Effect of days of cytokinin and concentration

Effect of application of cytokinin at various concentration in different days
showed that at significantly maximum leaf area was noticed in P3Ds- concentration of
cytokinin at 200 ppm+0™ day prior to grafting (12.56) which was higher to all other
interaction treatments. Similar observation was followed up to 180 DAG. The
minimum leaf area found in P4D1- concentration of cytokinin at control+0™ day prior
to grafting (4.89) and P4D- concentration of cytokinin at control+5™" day prior to
grafting (4.89).

At 180 DAG, interaction effects P3Di- concentration of cytokinin at 200
ppm+0" day prior to grafting (41.27) produced significantly maximum effect on leaf
area. PsDs-concentration of cytokinin at control+10™ day prior to grafting (21.27) was

the lower interaction treatment.

4.2.4 Height of graft

It is evident from Table 14. that from 30 DAG to 180 DAG height of graft was
significantly varied with concentration of cytokinin and days of cytokinin application
individually. Interaction effect of both factors also influenced significantly in case of
height of graft from 30 DAG to 180 DAG.

4.2.4.1 Effect of concentration of cytokinin

At 30 DAG graft height was highest when cytokinin applied at 200 ppm (Ps)
(24.70) which on par with Pi-concentration of cytokinin at 100 ppm (24.41) and P»-
concentration of cytokinin at 150 ppm (24.41). The least (23.48) value of height of
graft stem was obtained when cytokinin was at control (P4) level. Similar trend was
observed at 60,90,120,150,180 DAG. Height of graft at 120 DAG showed that

maximum (31.16) value when concentration was at 200ppm (P3). Concentration of

84



cytokinin at control (P4) level recorded minimum (29.50 ) effect. At 180 DAG
cytokinin at 200 ppm (P3) had the maximum (34.93) graft height which was on par
with P1- concentration of cytokinin at 100ppm (34.75). Height of graft stem was least
(33.38) when cytokinin was at control (P4) level.

4.2.4.2 Effect of days of cytokinin application

Regarding with days of cytokinin application at 30 DAG, D1-0" day prior to
grafting (24.48) had maximum height of graft followed by D,-5" day prior to grafting
and D3-10" day prior to grafting(24.13). Similar result was observed till 180 DAG. At
60 DAG, D:1-0" day prior to grafting (26.66) noticed as better treatment followed by
Ds-10™ day prior to grafting (26.33). D,-5" day prior to grafting (26.28) was lower
among individual treatments of days of application of cytokinin which was
significantly differed from D;.

4.2.4.3 Effect of days of cytokinin application and concentration of cytokinin

Regarding the effect of cytokinin application at different days and different
concentration indicated that at 30 DAG, significantly highest graft height was
observed when cytokinin applied at 200 ppm with same day of grafting-
Ps; D; (25.20). Similar trend was observed up to 180 DAG. At 30 DAG minimum
graft height was obtained when cytokinin applied at control level on same prior to
grafting -P, D; (23.40) and the same condition was observed at 60 DAG also. This
was on par with P4Ds- concentration of cytokinin at control+10" day prior to grafting
(23.45) and PsDj-concentration of cytokinin at control+5" day prior to grafting
(23.60) at 30 DAG. At 90 DAG and 120 DAG, least graft height was observed in
P4Ds- concentration of cytokinin at control+10™ day prior to grafting (26.95), (29.25).
At 180 DAG, highest graft height was seen when cytokinin applied at 200 ppm with
same day of grafting- PsD1 (35.70). PsD,- concentration of cytokinin at control+5"
day prior to grafting (33.30) was minimum recorded interaction which was on par
with P4Ds- concentration of cytokinin at control+10" day prior to grafting (33.35),
P4D1- concentration of cytokinin at control+0™ day prior to grafting (33.50) and P2D,-
concentration of cytokinin at 150 ppm +5™ day prior to grafting (33.65).
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Table 14. Effect of cytokinin concentration, days of application and their
interactions on mean height of graft

Factors | 30days | 60days | 90days | 120days | 150days | 180days
Factor P

Py 2441 | 26.73 | 2851 | 31.03 32.75 34.75
P, 2441 | 26.60 | 28.26 | 30.86 32.75 34.25
Ps 2470 | 2691 | 2856 | 31.16 33.08 34.93
P, 2348 | 25.46 | 27.20 | 29.50 31.38 33.38

SEm(+) [ 0.06 0.05 0.07 0.07 0.06 0.06
C.D(0.05) | 0.21 0.17 0.21 0.24 0.20 0.21

Factor D

D; 2448 | 26.66 | 28.38 | 31.21 32.98 34.81
D, 2413 | 26.28 | 28.11 | 30.33 32.22 33.98
D; 2413 | 26.33 | 27.91 | 30.37 32.26 34.18

SEm(+) | 0.05 0.04 0.06 0.06 0.05 0.05
C.D(0.05) | 0.18 0.15 0.18 0.20 0.17 0.18
Interaction effects PXD
P, D, 24.70 | 27.00 | 28.70 | 31.60 33.50 35.25
P, D, 2425 |26.45 | 28.45 | 30.75 32.35 34.60
P, D3 2430 | 26.75 | 28.40 | 30.75 32.40 34.40
P, D; 24.65 | 26.70 | 28.50 | 31.40 33.20 34.80
P, D, 2420 | 26.45 | 28.15 | 30.55 32.60 33.65
P, Ds 2440 | 26.65 | 28.15 | 30.65 32.45 34.30
P; D; 25.20 | 27.65 | 29.15 | 32.25 33.80 35.70
Ps; D, 2450 | 26.50 | 28.40 | 30.40 32.70 34.40
P; D3 2440 | 26.60 | 28.15 | 30.85 32.75 34.70
P, D; 2340 | 25.30 | 27.20 | 29.60 31.45 33.50
P, D, 23.60 | 25.75 | 27.45 | 29.65 31.25 33.30
P, D3 2345 | 25.35 | 26.95 | 29.25 31.45 33.35
SEm(+) | 0.11 0.09 0.12 0.13 0.11 0.11

C.D(0.05) | 0.36 0.30 0.37 0.41 0.35 0.36

P1:100 ppm D1:0™ day prior to grafting
P,:150 ppm D,:5" day prior to grafting
P3: 200 ppm D3:10™ day prior to grafting
P4: Control
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4.2.5 Girth of stem (5 cm above the graft union)

It is evident from the Table 15. that treatments of concentration of cytokinin
and days of cytokinin application showed significant variation with girth of stem 5 cm
above graft union from 30 DAG to 180 DAG

4.2.5.1 Effect of concentration of cytokinin

The observation on girth of stem graft 5 cm above the graft union at 30 DAG
highest (1.31) stem girth was seen at a concentration of 200 ppm (P3) which was on
par with P; - concentration of cytokinin at 100 ppm (1.29). Same tendency showed at
90 DAG and 120 DAG also where concentration of 200ppm (P3) was higher. At 60
DAG significantly higher girth of stem (1.54) was found when concentration of
cytokinin at 100 ppm (P1) was applied which was on par with Pz (1.50). The same
tendency was showed at 150 DAG and 180 DAG. Concentration of cytokinin at
control (P4) showed lesser effect on girth of stem from 30 to 180 DAG. Girth of stem
graft 5em above the graft union at 180 DAG indicated that concentration of cytokinin
at 100ppm(P1) found to be higher (3.10) which was on par with P3- concentration of
cytokinin at 200ppm (3.04). Similar result was obtained upto 180 DAG. D;-0" day
prior to grafting (11.80) had maximum leaf length at 180 DAG followed by D,-5™
day prior to grafting (11.42). Lowest length of leaf was seen in Ds-10" day prior to
grafting (10.70).

4.2.5.2 Effect of days of cytokinin application

Regarding cytokinin application at different days, highest stem girth was
obtained on Ds-same day of grafting (1.30). This was followed by D, -5 day prior to
grafting (1.16) which was on par with D3-10" day prior to grafting (1.14). Same
tendency was observed upto 180 DAG. Maximum girth of stem was seen on D1-0"
day prior to grafting (3.06) at 180 DAG. This was followed by D,-5" day prior to
grafting(2.88) which was on par with D3-10" day prior to grafting(2.82).
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Table 15. Effect of cytokinin concentration, days of application and their

interactions on mean girth of stem (5cm above graft union)

Factors 30days | 60days | 90days | 120days | 150days | 180

days
Factor P
Py 1.29 154 2.28 248 2.88 3.10
P, 1.18 1.44 2.25 2.45 2.73 2.99
P 131 1.50 2.38 2.58 2.80 3.04
P, 1.04 1.26 1.63 211 2.28 2.55

SEm(+) | 0.03 0.01 0.01 0.02 0.03 0.03
C.D(0.05) | 0.09 0.04 0.04 0.06 0.09 0.09

Factor D

D: 1.30 152 221 254 2.85 3.06
D, 1.16 1.40 2.09 2.36 2.61 2.88
D3 1.14 1.38 2.10 2.33 2.56 2.82

SEm () | 0.02 0.01 0.01 0.01 0.02 0.02
C.D(0.05) | 0.08 0.03 0.04 0.05 0.08 0.08
Interaction effects PXD
P, D, 1.30 1.64 243 2.70 3.13 3.26
P, D, 1.33 1.53 2.25 2.40 2.81 3.13
P, Ds 1.23 1.44 2.15 2.35 2.69 2.92
P, D, 1.33 1.55 2.30 2.61 2.90 3.15
P, D, 1.10 1.33 2.34 251 2.79 3.05
P, Ds 1.12 1.45 2.12 2.24 2.50 2.77
P; D, 1.43 1.69 2.52 2.81 3.16 3.38
P; D, 1.24 1.42 2.24 241 2.58 2.83
P; D3 1.25 1.39 2.39 2.54 2.67 2.92
P, D, 1.15 1.23 1.62 2.04 2.20 2.47
P, D, 0.99 1.33 152 212 2.26 2.51
P, D 0.98 1.23 1.74 2.19 2.38 2.68
SEm () [ 0.05 0.02 0.02 0.03 0.05 0.05
C.D(0.05) | NS 0.07 0.08 0.10 0.16 0.16

P1:100 ppm D1:0™ day prior to grafting
P,:150 ppm D,:5™ day prior to grafting
P3: 200 ppm D3:10" day prior to grafting
P4: Control
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4.2.5.3 Effect of days of cytokinin application and concentration of cytokinin

At 30 DAG, interaction effects of concentration of cytokinin and days of
cytokinin application was found to be non significant on girth of stem graft. At 60
DAG, significantly maximum value of stem girth was obtained when cytokinin at 200
ppm concentration with same day of grafting- P; D; (1.69) was and on par with
P1D1- concentration of cytokinin at 100 ppm+0" day prior to grafting (1.64). Similar
results was found upto 180 DAG. At 60 DAG, minimum stem girth was obtained in
P4Ds- concentration of cytokinin at control+10" day prior to grafting (1.23) which was
on par with PsDi- concentration of cytokinin at control+0™ day prior to grafting
(1.23). At 180 DAG, P3Ds- concentration of cytokinin at 200 ppm+0" day prior to
grafting recorded maximum (3.38) which was on par with P1D1- concentration at 100
ppm +0" day prior to grafting (3.26). Stem girth was found to be minimum in P4D;-
concentration of control +0™ day prior to grafting (2.47) which was on par with

P, D, - concentration of control +5" day prior to grafting (2.51).
4.2.6 Length of leaf

Length of leaves had highly differed by concentration of cytokinin and days of
cytokinin as individual treatments from 30 DAG to 180 DAG. The interaction effect
of both factors on length of leaf was significantly differed from 30 DAG to 150 DAG
(Table 16).

4.2.6.1 Effect of concentration of cytokinin

Result on length of leaf at 30 DAG showed that highest leaf length was
observed when cytokinin applied at a concentration of 200ppm (Ps) (5.78) which was
on par with P»- concentration of cytokinin at 150ppm (5.63). The results was same
upto 180 DAG. Minimum leaf length (4.53) was obtained when cytokinin applied at
control (P4) level. This same trend was seen upto 180 DAG. Length of leaf at 180
DAG indicated that highest (12.06) length of leaf was seen in cytokinin at
concentration of 200 ppm(P3) which was on par with P>- cytokinin at concentration of
150 ppm(12.01). Cytokinin at control (P4) level showed lesser (9.80) effect.
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Table 16. Effect of cytokinin concentration, days of application and their

interactions on mean length of leaves

Factors | 30days | 60days | 90days | 120days | 150days | 180days
Factor P

P, 5.06 6.80 7.48 8.50 10.51 11.36
P, 5.63 6.79 7.50 8.86 10.96 12.01
P3 5.78 7.15 8.30 9.62 11.37 12.06
P, 4.53 5.15 6.37 7.31 8.42 9.80

SEm (z) 0.07 0.06 0.07 0.05 0.05 0.11
C.D(0.05) | 0.22 0.19 0.21 0.17 0.17 0.36
Factor D

D, 5.43 7.13 7.99 9.65 10.81 11.80
D, 5.24 6.33 7.48 8.26 10.44 11.42
D; 5.07 5.95 6.77 7.80 9.70 10.70

SEm () | 0.06 0.05 0.06 0.04 0.04 0.10
C.D(0.05) | 0.19 0.16 0.18 0.15 0.14 0.31
Interaction effects PXD
P, D, 521 7.62 8.32 9.48 11.39 11.92
P, D, 5.61 6.66 7.52 8.35 10.65 11.59
P, Ds 4.37 6.12 6.62 7.67 9.49 10.57
P, D, 6.21 7.56 8.38 10.61 11.51 12.07
P, D, 5.42 6.61 7.46 8.10 11.12 12.33
P, D3 5.26 6.20 6.66 7.87 10.26 11.64
Ps; D1 6.16 17.75 9.06 11.26 11.82 12.94
P; D, 5.42 731 8.47 9.33 11.46 12.06
P; D3 5.77 6.40 7.39 8.28 10.83 11.19
P, D; 417 5.60 6.19 71.27 8.52 10.28
P, D, 452 4,76 6.49 7.28 8.52 9.73

P, D 4.90 5.10 6.43 7.37 8.22 9.40

SEm (%) | 0.12 0.11 0.12 0.09 0.09 0.20

C.D(0.05) | 0.38 0.33 0.37 0.29 0.29 NS

NS: Non Significant

P1:100 ppm D1:0" day prior to grafting
P2:150 ppm D,:5™ day prior to grafting
P3: 200 ppm D3:10™ day prior to grafting
P4: Control
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4.2.6.2 Effect of days of cytokinin application

Regarding cytokinin application at different days, length of leaf was highest
on D:-0" day prior to grafting (5.43). This was followed by D,-5" day prior to
grafting (5.24) and Ds-10" day prior to grafting. The same observation was noticed
up to 150 DAG. Length of leaf was minimum when application of cytokinin was
done at control level on 5" day prior to grafting- P, D, (4.76) at 60 DAG. At 150
DAG, P3D:- found to be the highest (11.82) value on length of leaf. The least effect
was observed in PsDs- -concentration of cytokinin at control+10" day prior to
grafting (8.22). Interaction effects of concentration of cytokinin and days of cytokinin
had failed to produce significant effect on length of leaf at 180 DAG.

4.2.6.3 Effect of days of cytokinin application and concentration of cytokinin

Regarding the effect of application of cytokinin at different days, at 30 DAG
leaf length was maximum (6.21) when application of cytokinin at 150 ppm with O
day prior to grafting -P.D: and which was on par with PsDi- concentration of
cytokinin at 200 ppm+0™ day prior to grafting (6.16). P4D:- concentration of cytokinin
at control +0™ day prior to grafting (4.17) was minimum which was on par with P1Ds-
concentration of cytokinin at 100 ppm+10™ day prior to grafting (4.37) and P4D.-
concentration of cytokinin at control+5™ day prior to grafting (4.52). At 60 DAG,
highest leaf length was observed when cytokinin at 200 ppm applied on same day of
grafting -P3Dy (7.75).

4.2.7 Breadth of leaf

The data presented in the Table 17. showed that breadth of leaf was varied
with concentration of cytokinin and days of cytokinin application. The combination
effect of both also influenced breadth of leaf.

4.2.7.1 Effect of concentration of cytokinin

According to observation of breadth of leaf, at 30 DAG data showed that
cytokinin at a concentration of 200 ppm (P3) had maximum (2.45) leaf breadth. This

was followed by P1- concentration of cytokinin at 100 ppm (2.09) which was on par
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with P2- concentration of cytokinin at 150ppm (2.07). Breadth of leaf was least (1.63)
when cytokinin at control (P4) level was applied. The same findings was observed
upto 180 DAG. At 180 DAG highest leaf breadth was noticed when concentration of
cytokinin at 200 ppm(P3) (4.00) was given to the graft plant. This was followed by
P1- concentration of cytokinin at 100 ppm (3.71) and P2- concentration of cytokinin at
150ppm (3.71). Minimum (3.23) leaf breadth was seen in cytokinin at control (Pa4)

level.
4.2.7.2 Effect of days of cytokinin application

Regarding days of cytokinin application at 30 DAG, breadth of leaf was not
significantly differed. Cytokinin application at 60 DAG, D:-0" day prior to grafting
(2.46) showed more leaf breadth followed by D»-5" day prior to grafting (2.35). Ds-
10" day prior to grafting (2.24) produced least breadth of leaf. Similar effect was
followed upto 180 DAG. At 180 DAG, cytokinin application at D:-0" day prior to
grafting (3.83) recorded maximum value which was on par with D2-5" day prior to
grafting (3.69). Ds-10" day prior to grafting (3.45) was the treatment with minimum

value.
4.2.7.3 Effect of days of cytokinin application and concentration of cytokinin

At 30 DAG, PsDi- concentration of cytokinin at 200ppm+0" day prior to
grafting had maximum effect (2.79) on breadth of leaf. From 30 to 180 DAG, similar
effect of cytokinin application at different days with different concentration was
noticed. PsD,- concentration of cytokinin at control+5™" day prior to grafting (1.48)
was interaction with least value on breadth of leaf. At 180 DAG, highest breadth of
leaf was obtained in P3Di- concentration of cytokinin at 200 ppm+0" day prior to
grafting (4.39) which was on par with P; D, -concentration of cytokinin at 200ppm
+5" day prior to grafting (4.12). PsDs-concentration of cytokinin at control+10™ day
prior to grafting was lower (3.10) treatment.
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Table 17. Effect of cytokinin concentration, days of application and their
interactions on mean breadth of leaf

Factors | 30days | 60days | 90days | 120days | 150days | 180days

Factor P

Py 2.07 2.30 2.66 3.08 3.35 3.71
P, 2.09 2.37 2.67 3.10 3.34 3.71
P 245 281 3.12 3.46 3.67 4.00
P, 1.63 1.90 2.24 2.49 2.75 3.23

SEm(x) | 0.04 0.04 0.04 0.04 0.05 0.06
C.D(0.05) | 0.13 0.12 0.12 0.14 0.15 0.19

Factor D

D; 2.13 2.46 2.87 3.28 3.48 3.83
D, 2.00 2.35 2.66 3.03 3.31 3.69
D; 2.05 2.24 2.48 2.78 3.03 3.45

SEm(+) | 0.05 0.03 0.03 0.04 0.04 0.05
C.D(0.05) | 0.03 0.10 0.10 0.12 0.13 0.17
Interaction effects PXD
P, D, 2.16 2.57 3.06 3.47 3.53 3.86
P, D, 1.98 2.32 2.57 3.13 3.48 3.59
P, D3 2.07 2.03 2.35 2.64 3.03 3.67
P, D, 1.98 2.37 2.76 3.40 3.59 3.73
P, D, 2.17 2.38 2.69 3.13 3.36 3.86
P, Ds 2.13 2.36 2.57 2.77 3.08 3.53
P; D, 2.79 3.06 341 3.66 4.06 4.39
Ps; D, 2.39 2.87 3.23 3.50 3.66 412
P; Ds 2.17 2.52 2.73 3.21 3.29 351
P, D, 1.61 1.83 2.27 2.59 2.75 3.38
P, D, 1.48 1.83 2.17 2.38 2.75 3.20
P, D3 1.81 2.05 2.28 2.51 2.74 3.10
SEm () | 0.07 0.07 0.07 0.08 0.08 0.11
C.D(0.05) | 0.23 0.21 0.21 0.25 0.26 0.34

P, -100 ppm D, -0" day prior to grafting
P, -150 ppm D, -5 day prior to grafting
P3 -200 ppm D -10™ day prior to grafting
P, -control
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4.2.8 Number of successful grafts

In the Table 18. with regard to number of successful grafts which was
observed from 30 DAG to 180 DAG illustrated that cytokinin at different
concentration had highly influenced on number of successful grafts. But, interaction
effect of concentration of cytokinin and days of application and individual effect of
days of application failed to produce significant difference on number of successful
grafts from 30 DAG to 180 DAG.

4.2.8.1 Effect of concentration of cytokinin

Number of successful grafts at 30 DAG pointed that cytokinin at concentration
of 200 ppm(P3) recorded the highest value (12.33) which was followed by P;-
concentration of cytokinin at 100 ppm (12.16) and P2- concentration of cytokinin at
150 ppm (11.83). Treatment at control (P4) level showed least (10.00) effect on
number of successful grafts. There was similar trend of observation on number of
successful grafts from 30 DAG to 180 DAG.

At 180 DAG revealed that concentration of cytokinin at 200 ppm(P3)
registered highest (11.66) number of successful grafts which was on par with P1-
concentration of cytokinin at 100 ppm(10.66) and P2- concentration of cytokinin at
150 ppm (10.50). Control level treatment (P4) produced minimum (7.83) effect on
number of successful grafts.

4.2.8.2 Effect of days of cytokinin application

Individual effect of cytokinin application at different days did not record any
significant difference from 30 to 180 DAG.

4.2.8.3 Effect of days of cytokinin application and concentration of cytokinin

Interaction effect of days of cytokinin application and concentration of
cytokinin did not record any significant difference from 30 to 180 DAG.
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Table 18. Effect of cytokinin concentration, days of application and their

interactions on mean number of successful grafts

Factors | 30days | 60days | 90days | 120days | 150days | 180days

Factor P

Py 1216 | 1183 | 1166 | 11.66 11.33 10.66
P, 11.83 | 11.66 | 1150 | 11.16 10.83 10.50
Ps 1233 | 1233 | 1233 | 11.83 11.66 11.66
P, 10.00 | 9.83 9.33 8.66 8.00 7.83

SEm(x) | 048 0.51 0.4 0.54 0.52 0.68
C.D(0.05) | 1.49 1.58 151 1.66 1.62 2.10

Factor D

D, 11.75 | 11.62 | 11.62 | 11.0 10.62 10.00
D, 11.00 | 10.87 | 10.62 | 105 10.25 10.12
Ds 12.00 | 11.75 | 1137 | 110 10.37 10.25
SEm () 0.42 0.44 0.42 0.46 0.45 0.59
C.D(0.05) | NS NS NS NS NS NS

Interaction effects PXD
P, D; 12.0 115 115 115 115 10.0
P, D, 11.0 11.0 11.0 11.0 11.0 105
P, D3 135 13.0 12.5 12.5 115 115
P, D; 11.0 11.0 11.0 10.0 10.0 9.5
P, D, 12.0 115 115 11.5 11.0 11.0
P, D3 12.5 12.5 12.0 12.0 115 11.0
P; Dy 145 14.5 145 14.0 135 135
P; D, 11.0 11.0 11.0 10.5 10.5 10.5
P; D3 115 115 115 11.0 10.5 10.5

P, D, 9.5 9.5 9.5 8.5 7.5 7.0
P4y D, 10.0 10.0 9.0 9.0 8.5 8.5
P4 D3 10.5 10.0 9.5 8.5 8.0 8.0
SEm(x) |0.84 0.89 0.85 0.93 0.91 1.18
C.D(0.05) | NS NS NS NS NS NS
NS: Non Significant
P1:100 ppm D1:0" day prior to grafting
P,:150 ppm D,:5™ day prior to grafting
P3: 200 ppm D3:10™ day prior to grafting
P4: Control
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4.2.9.1 Success percentage
4.2.9.1.1 Effect of cytokinin concentration

In Table 20. success percentage of grafts at 90 DAG revealed that
concentration of cytokinin at 200 ppm-Ps (82.22) showed maximum success
percentage which was on par with P1- concentration of cytokinin at 100 ppm (77.77)
and P.- concentration of cytokinin at 150 ppm(76.66). Minimum success percentage

was at control (P4) level.
4.2.9.1.2 Effect of days of cytokinin application

Days of cytokinin application had no significant difference on success

percentage.
4.2.9.1.3 Effect of days of cytokinin application and concentration of cytokinin

Interaction effect of concentration of cytokinin and days of application did not

make any significant difference among the results at 90 DAG.
4.2.9.2 Survival percentage
4.2.9.2.1 Effect of cytokinin concentration

Considering survival percentage showed Table 19. which was observed at 180
DAG illustrated that application of cytokinin at 200 ppm -P3(77.77) had highest
survival percentage which was on par with Pi1-concentration of cytokinin at 100ppm
(71.10) and P2-concentration of cytokinin at 150 ppm (69.99)

4.2.9.2.2 Effect of days of cytokinin application

Days of cytokinin application had no significant difference on success

percentage.
4.2.9.2.3 Effect of days of cytokinin application and concentration of cytokinin

Interaction effect of concentration of cytokinin and days of application did not

record any significant difference at 90 DAG.
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4.2.9.3 Fresh weight
4.2.9.3.1 Effect of concentration of cytokinin

The data pertaining fresh weight of plants at 180 DAG in Table 19. showed
significant difference between concentration of cytokinin. Concentration of cytokinin
at 200 ppm (P3) had maximum (26.43) fresh weight which was on par with P»-
concentration of cytokinin at 150 ppm (26.21). Fresh weight was found least when
cytokinin was at control (P4) (20.89).

4.2.9.3.2 Effect of days of cytokinin application

With regard to days of cytokinin application, D1-0"" day prior to grafting
(27.05) had the highest fresh weight followed by Ds-10" day prior to grafting (23.47)
and D,-5"" day prior to grafting (23.34).

4.2.9.3.3 Effect of interaction of concentration of cytokinin and days of cytokinin

application

Among interaction effects maximum fresh weight was found when
concentration of cytokinin at 200ppm with 0™ day prior to grafting- P3D: (33.19) and
concentration of cytokinin at control with 5" day prior to grafting -PsD: (20.70)
showed lesser effect among all other interaction treatments which was on par with
P4D»- concentration of cytokinin at control+5™ day prior to grafting (20.07).

4.2.9.4 Dry weight
4.2.9.4.1 Effect of concentration of cytokinin

In the Table 19. data of dry weight of plants at 180 DAG revealed that there is
significant difference between concentration of cytokinin. Among the individual
effects of concentration of cytokinin, maximum dry weight was found at 200 ppm
(P3) (11.41) which was on par with P»-(10.68). Cytokinin at control (P4) level showed
lower (8.96) effect.
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4.2.9.4.2 Effect of days of cytokinin application

With related to days of cytokinin application, D1-0" day prior to grafting
(11.26) showed maximum value which was on par with D2-5" day prior to grafting
(9.87) and Ds-10" day prior to grafting (9.93).

4.2.9.4.3 Effect of interaction of concentration of cytokinin and days of cytokinin

application

According to interaction effects, dry weight was highest when cytokinin at
200ppm with O™ day prior to grafting -P3D1 (16.39) was applied and concentration of
cytokinin at control with 5™ day prior to grafting -P4D> (8.64) recorded minimum dry
weight compared to all other interaction treatments which was on par with P3Ds-
concentration of cytokinin at 200 ppm+0" day prior to grafting (8.66) and P4D;-
concentration of cytokinin at control+0" day prior to grafting (8.71).
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Tablel 9. Effect of cytokinin concentration, days of application and their

interactions on survival percentage, fresh weight, dry weight (180 DAG) and

Success percentage (90 DAG)

Factors Success Survival Fresh Dry
percentage percentage weight | weight
90 DAG 180 DAG
P, 77.77(62.24) 71.10(57.94) [24.95 |10.36
P, 76.66(61.32) 69.99(56.96) | 26.21 | 10.68
P, 82.22(67.59) 77.77(62.24) | 2643 |11.41
P, 62.21(52.10) 52.21 (46.28) | 20.89 | 8.96
SEm (+) 3.28(2.16) 4.54(2.88) 0.37 0.26
C.D(0.05) 10.12 14.01 1.15 0.83
D, 77.49(64.00) 66.66 (55.90) | 27.05 11.26
D, 70.83(57.53) 67.49 (55.46) | 23.34 | 9.87
Ds 75.83(60.91) 68.33 (55.95) | 23.47 | 9.93
SEm (%) 2.84 5,57 0.32 0.23
C.D(0.05) | NS NS 0.99 0.71
P, Dy 76.66(61.65) 66.66 (55.83) | 31.19 | 13.39
P, D, 73.33(59.08) 69.99(56.81) | 23.36 | 10.20
P, Ds 83.3 (66.00) 76.66 (61.17) | 24.76 | 10.65
P, Dy 73.33(59.08) 63.33(52.90) | 2752 | 11.18
P, D, 76.66 (61.17) 73.33(59.08) | 25.08 | 9.99
P, D3 79.99 (63.74) 73.33(58.90) | 26.02 | 10.88
P3 D1 96.66(82.51) 89.99 (71.80) | 28.79 11.77
P3; D, 73.33 (59.08) 70.00 (57.10) | 24.85 10.65
P Ds 76.66 (61.17) | 69.99 (56.81) | 21.22 | 8.66
P, D; 63.33(52.75) | 46.66 (43.08) | 20.70 | 8.71
P, D, 59.99 (50.82) | 56.66 (48.83) | 20.07 | 8.64
Ps Ds 59.99(50.82) 56.66(48.83) | 20.07 | 8.64
SEm () 5.69 11.14 0.64 0.46
C.D(0.05) NS NS 1.99 143
NS: Non Significant
P1:100 ppm D1:0" day prior to grafting
P,:150 ppm D,:5™ day prior to grafting
P3: 200 ppm D3:10™ day prior to grafting
P4: Control
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Plate 14: View of grafts after opening of polytunnel at 30 DAG

Plate 15(a and b): Growth of grafts at 90 DAG



Plate 17 : View of final established growth of grafts at 180 DAG under shade
net condition
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5. DISCUSSION

An investigation entitled as “Refinement of softwood grafting technique in
Sapota (Manilkara zapota L.)” was carried out at college of Agriculture Padannakkad
Kasaragod during 2019-2021The first experiment included three environmental
conditions: open, polyhouse and polytunnel with three cultivars viz. Cricket Ball, Pala
and Oval and three scion precuring treatments viz. defoliation 10 days prior to
grafting, defoliation followed by grafting on the same day and grafting without
defoliation. Second experiment comprised of different concentrations of cytokinin at
100 ppm, 150 ppm, 200 ppm and control levels with different days of application like
the 0" day, 5" and 10" day prior to grafting. The salient findings of result are
discussed below.

5.1 ROLE OF VARIETIES AND ENVIRONMENTAL CONDITIONS ON THE
SUCCESS OF SAPOTA GRAFTING

5.1.1 Environmental conditions

With regard to the individual effect of environmental conditions on graft
success up to final growth stage, grafting under Cz-polytunnel provided the best result
compared to open and polyhouse conditions for various parameters viz. length of scion
(19.28), girth of stem (2.70), number of successful grafts (7.00) (Fig.1), success
percentage (48.14), survival percentage (46.66) (Fig.1), leaf area (26.01), length of
leaf (9.15), breadth of leaf (3.85), number of leaves (14.79), fresh weight (22.11), dry
weight (10.01) and height of graft (33.47) during growth intervals. The environmental
conditions under polytunnel was responsible for the highest graft success. This was
attributed by higher percentage of relative humidity coupled with minimum
fluctuation between mean maximum and minimum temperature, which was suitable
for enhanced cell activity. These results are coinciding with the findings of Sulikeri et
al. (1997) and Kalabandi et al. (2014). The congenial environment under polytunnel
had contributed to fast callusing rate and contact of the cambial layer as early as
possible, which resulted in quick graft healing. Thus strong stock scion union was
established, which led to the high vegetative growth of sapota grafts (Patel et al.,
2007). Similar findings were obtained by Ashutosh et al. (2020) who reported effect
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of different environmental conditions on performance of sapota softwood grafts
worked on invigorated Khirni rootstock. Sivudu et al. (2014) in mango, Parmar et al.
(2019) in mulberry, Selvi et al. (2008) in jackfruit and Beera et al. (2013) in guava

observed significant variation due to environmental conditiions
5.1.2 Cultivars

V1-Cricket Ball indicated higher response with regard to growth parameters
like length of scion (at 60,90,150,180 DAG), leaf area (at 30,60 90 DAG), length of
leaf (at 30,60,90 DAG), number of successful grafts (5.22), success percentage
(35.92), survival percentage (34.81). Vi-Cricket Ball also recorded significantly
higher value for fresh weight (15.26), and dry weight (6.76) of grafts. Similar findings
were observed by Ghosh et al. (2010) on sapota cultivars in which Cricket Ball gave
the highest percentage of success (85 to 65%) under Paschim Midnapore, West
Bengal condition.

The observations like girth of stem (2.31), length of leaf (at 90,150 DAG) and
breadth of leaf except 180 DAG (3.30) were significantly influenced by the individual
effect of cultivar V3-Oval. This might be due to the genetic make of cultivars having
the large number of live parenchymatous cells, less content of vessels and more
meristematic activity at bud level, which helps in sap flow smoothly and good callus.
Various responses of sapota cultivars to success of softwood grafting had been
reported by Kulwal et al. (1988) and Shirol et al. (2005). Sapota cultivars responded
significantly to softwood grafting with different degrees of success. This could be due
to phenomenon of graft incompatibility which exists between scion and rootstock of
sapota cultivars. This might be contributed to woody nature of tissues, differential
active flow of sap and sometimes presence of growth enhancing or inhibiting factors
at graft union site retarding cambial activity between rootstock and scion. Varietal
influence on graft success also had been proved by Prasanth et al. (2007), Jagannath et
al. (2012) and Prajapati et al. (2014) in mango.
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5.1.3 Scion precuring

Regarding the individual effect of scion precuring treatment on success of
grafts throughout growth period showed that defoliation 10 days prior to grafting-S,
had significantly maximum values in characters like number of leaves (13.69), length
of scion (18.44), leaf area (22.31), height of graft (32.76), girth of stem (2.59), length
of leaf (8.34), breadth of leaf (3.65), fresh weight (17.73), dry weight (7.99), success
percentage (42.59) and survival percentage (40.37).

A similar sort of result was obtained by Tanuja and Thippesha (2016). The
significant influence on number of leaves with 10 days cured scion might be due to
early breaking of bud and ample growing period which might have resulted in more
number of leaves per plant. The maximum length and breadth of leaves was produced
in grafts of the scion shoots grafted after 10 days of defoliation and minimum length
and breadth of leaves were observed in case of cured scion on same day of grafting.
Similar results of scion precuring on length and breadth of leaves was proved by Maiti
and Biswas (1986) and Sarada et al. (1997).

The graft height was significantly highest in case of 10 days cured scion and
lowest graft height recorded on cured scion with same day of grafting. The maximum
height of grafts could be due to formation of fast and strong graft union, better nutrient
uptake and their continual growth. Similar results were obtained in Guava by Patel et
al. (2007). The effect of precuring of scion was significant on the girth of the graft
which might be due to early bud sprouting which provided fast growth. Scion girth
was maximum in grafts with pre cured scion than normal scion (Sarada et al., 1997).
Scions cured for 10 days prior to grafting had the highest per cent of graft success.
This might be due to the presence of more carbohydrate and food material in the
collected scion and the stored food material was mobilized for new growth which
resulted in high meristematic activity of scion. Similar views on higher degree of
success with defoliated bud sticks were expressed by Sarada et al. (1997). Ram and
Bist (1982) reported that in precured scions, the desiccation is less compared to

freshly defoliated scion.
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5.1.4 Interaction effect of environmental conditions and cultivars

The data regarding interaction effect of environmental conditions and cultivars
during growth stages of grafts depicted that Cs V3 (Polytunnel+Oval) showed higher
value on growth parameters like number of leaves (15.30), leaf area (90,150,180
DAG), length of leaf at 90 DAG, 150 DAG, 180 DAG (9.41) and breadth leaf at 90
DAG, 120 DAG, 150 DAG. CzVi(Polytunnel+Cricket Ball) had highest value on
height of graft except 30 DAG (34.06), number of successful grafts (8.00), success
percentage (54.44), survival percentage (53.33) and dry weight (10.30) of grafts. C3V2
(Polytunnel+Pala) had recorded maximum in fresh weight (22.87). This may be due to
prevailing congenial climatic condition along with presence of dormant and swollen
terminal buds of scion of different sapota cultivars which promoted early sprouting
and better graft growth.

5.1.5 Interaction effect of environmental conditions and scion precuring

The interaction effect of environmental conditions and scion precuring
treatments during intervals of graft growth CsSz (Polytunnel+Without defoliation)
found to be best with respect to all growth parameters like length of scion (20.92),
number of successful grafts (11.50), success percentage (77.77) (Fig.2), survival
percentage (76.66) (Fig.2), leaf area (33.72), girth of stem (2.98), length of leaf
(10.95), breadth of leaf (4.21), number of leaves (17.78) and height of graft (34.71)
from 30 DAG to 180 DAG. The reason for this might be due to the formation and
accumulation of more food materials in the grafts as well as increased hormonal
activities which resulted in fast cell division and better growth of existing cells.
Ultimately this results into more vegetative growth of grafts. This was more or less
close to the findings of Ashutosh et al.2020. This was attributed by prevailing long
periods of favourable temperature and relative humidity for survival and growth of
grafts under polytunnel conditions. The process of defoliation caused an immediate
increase in sucrose level of phloem sap of shoot which helped in movement of solutes
toward the apex of the shoots and thereby resulting in initiation of higher meristematic
activity at the bud level. This condition helps in better sap flow and good callus

formation due to stimulation of cambium division favouring better graft union.
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5.1.6 Interaction effect of cultivars and scion precuring

Considering the interaction effect of cultivars and scion precuring treatments
during growth period, V2S: (Pala+10 days prior defoliation) registered maximum
value on survival percentage (43.33), fresh weight (19.50) and number of leaves
(9.36) (30 DAG to 120 DAG). This might be due to the initiation of good cambial
activity which might have resulted from defoliation (Hartman et al., 1997). Interaction
effect of V3S1(Oval+10 days prior defoliation) recorded maximum value on dry
weight (8.92), height of graft except 90 DAG and180 DAG (31.08).

5.1.7 Interaction effect of environmental conditions, cultivars and scion

precuring

The data pertaining combined interaction effect of environmental conditions,
cultivars and scion precuring treatments till the final graft growth stage indicated that
C3V1Ss (Polytunnel+Cricket Ball+Without defoliation) was found to be the best
treatment combination on all growth parameters viz girth of stem except
30DAG(3.05), leaf area (35.42), length of leaf except 30 DAG (11.22), breadth of leaf
except 60 DAG (4.32), number of leaves except 30 DAG, length of scion except 30
DAG and height of graft (34.75), fresh weight (32.06) and dry weight (15.04). Grafts
without defoliation resulted more photosynthetic activity and ample growing period
which might have attributed better graft success and growth. The condition under
polytunnel promoted less rate of transpiration loss, which maintained guard cells in
turgid condition and the stomata opened. This might have caused earlier formation
and accumulation of carbohydrate, protein and fast completion of physiological
process for the development of rapid growth between the rootstock and scion (Baghel
et al., 2000).

C1V3S2(Open+Oval+Same day defoliation) showed minimum values related to
most of the growth parameters like length of scion (16.83), girth of stem (2.32),
number of successful grafts (3.00) , success percentage (20.00) , survival percentage
(20.00), leaf area (16.45) (Fig.3), length of leaf (7.25), breadth of leaf (3.11), number
of leaves(except 120DAG) and height of graft (31.13).
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C1V1S3(Open+Cricket Ball+Without defoliation),C1V2S3(Open+Pala+Without
defoliation),C1V3S3(Open+Oval+Without defoliation),C2V1S3(Polyhouse+Cricket
Ball+Withoutdefoliation),C2V2S3(Polyhouse+Pala+Withoutdefoliation)andC,V2Ss(Pol

yhouse+Pala+Without defoliation) are failed which resulted in dried up grafts.

Grafts without defoliation did not survive under open and polytunnel
conditions. It could be due to failure to unite sometimes in adverse weather conditions
as the experiment had been done in offseason. This might be attributed to absence of
callus production resulted in a huge gap between the scion and rootstock which led to
failure of grafts (Jose and Valsalakumari,1991). Grafts with defoliated scion and
without defoliated scion could survive under polytunnel condition (followed by shade
net condition). But, survival per cent varied. Grafts under polytunnel condition
(followed by shade net) without defoliated scion had highest survival per cent
(77.77%). As this experiment had conducted off season this modified method of
grafting found to be the best compared to others which can be recommended as an
ideal method in off season. Successful production of vigorous grafts at commercial
scale within a short period of time (by shortening the graft cycle) can be done through

this refined method of grafting.
5.1.8 Temperature and humidity

From data given in Table 10. showed that humidity was highest under
polytunnel conditions from one week after grafting to 4" week after grafting
(80.45,73.5.82.13 and 79.50 respectively). Temperature was more at polyhouse
condition from one week after grafting to 4™ week after grafting (32.65,32.26,35.05
and 31.85 respectively). The higher graft success under polytunnel conditions might
be attributed by higher percentage of relative humidity coupled with minimum
fluctuation between mean maximum and minimum temperature which was congenial
for increased cell activity. These results are coinciding with the findings of Sulikeri et
al. (1997) and Kalabandi et al. (2014) in which appropriate weather factors promoted

graft success.
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In conclusion, grafting of Cricket Ball without defoliation of scion kept under
polytunnel condition (T, ; -Cs V1 S3 ) favoured as best treatment intems of girth of
stem except 30 DAG (3.05), leaf area (35.42), length of leaf except 30 DAG (11.22),
breadth of leaf except 60 DAG (4.32), number of leaves except 30 DAG, length of
scion except 30 DAG and height of graft (34.75),fresh weight (32.06) and dry weight
(15.04). Varietal effect on graft success revealed that cricket Ball had best
performance. Grafts under Cs-polytunnel found to be better in growth parameters
compared to open and polyhouse conditions. Among scion precuring treatments,
defoliation 10 days prior to grafting-S; provided highest percentage of graft success.
For further future studies, as an ideal approach off season production of graft
seedlings through modified grafting method and application of this technique for other

fruit crops like mango can also be promoted.

52 EFFECT OF CYTOKININ FOR IMPROVING THE SUCCESS OF
SAPOTA GRAFTING

5.2.1 Number of leaves

There was a significant difference between concentration of cytokinin and
different days of cytokinin application and among their interactions from 30 to 180
DAG (Fig.4) related to number of leaves of grafts. Concentration of cytokinin at
200ppm (P3) found to be higher (22.33) till the final stage of growth (180 DAG)
except at 60 DAG. Dumanoglu et al. (2014) reported that endogenous growth
regulators have found to play critical role in grafting. Cytokinins are N6-substituted
aminopurines that will start proliferation of cell in many plant cells (Cary et al.,
1995). Mature plant cells generally do not divide in the plant, but it can be done by
plant hormones application. The union of stock and scion takes place as a result of
formation of callus on two components. With regard to individual effect of days of
cytokinin application, D1- 0" day prior to grafting treatment showed highest value on
number of leaves from initial stage to 180 DAG (22.62). Among interaction effects,
PsDs-cytokinin at 200ppm + 0™ day prior to grafting showed maximum number of
leaves (24.30) to all other interaction treatments up to final stage of growth (180
DAG). P4Ds (18.80) which is the combination of control treatment and 10" day prior
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to grafting showed minimum value of interaction among all treatments till final stage
of growth (180 DAG).

5.2.2 Length of scion shoot

The data indicated that concentration of cytokinin and different days of
cytokinin application and their interactions effect had showed significant variation on
length of scion shoot from 30 DAG to 180 DAG. Regarding cytokinin concentration
at 180 DAG, maximum scion shoot length was observed in cytokinin application at
200ppm (P1) (20.73). Length of scion was minimum at control (P4) level (18.33)
Related of cytokinin application at different days, D1-0™ day prior to grafting (20.73)
had highest scion length followed by D»-(19.43) at 180 DAG. Dz (19.30) had
minimum length of scion which was significantly differed from Di In case of
interaction treatments, P3D1 had more scion length from 30 to 180 DAG (22.50).
Influence of length of scion shoot by cytokinin might be due to the result of
application of cytokinin which was noticed to enhance rapid growth of scion shoot.
Because physiologically cytokinin increases development of lateral bud and decrease
apical dominance. Besides this, cytokinin promote protein levels and increase DNA,
RNA in plant tissue which contribute to growth of shoot tip. These findings were in
conformation with results of Fox (1968); Srivastava (1968) ; Audus (1972). According
to Meier et al. (2012) exogenous application of cytokinin promotes formation of bud
on scions after successful graft union which coincides with the obtained result of

current study.

5.2.3 Leaf area

The data of leaf area from 30 DAG to 180 DAG was highly influenced by
different concentration of cytokinin and days of cytokinin application as an individual
treatments and interaction treatments. The individual effect of concentration cytokinin
on leaf area showed that higher (35.41) value was obtained when concentration of
200ppm (P3) was applied to the scion from initial to final growth stage of grafts
(Fig.5). Regarding the days of cytokinin application, Di- 0" day prior to grafting
treatment showed maximum (33.30) value as an individual effect on leaf area through

out the graft growth stages. Effect of interaction treatments on leaf area indicated that
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cytokinin at 200ppm with 0™ day prior to grafting (PsD1) observed as better (41.27)
treatment among all other interaction treatments up to 180 DAG. This might be due to
the rapid cell division and cell elongation which could be attributed by the application
of cytokinin. This was in conformation with findings of Murashige and Skoog(1962);
Salisbury and Ross (1992).

5.2.4 Height of graft

It is evident that from 30 DAG to 180 DAG height of graft showed significant
variation with concentration of cytokinin and days of cytokinin application
individually. Interaction effect of both factors also affected significantly in case of
height of graft from 30 DAG to 180 DAG. Height of graft was obtained maximum
(34.93) when concentration of 200 ppm (P3) was applied to the scion till 180 DAG.
Through out the growth intervals individual effect of days of cytokinin application,
indicated that Di- O™ day prior to grafting treatment had the higher (34.81) value.
Regarding interaction treatments on height of graft data, cytokinin at 200 ppm + 0™
day prior to grafting (P3D1) was noticed as better (35.70) treatment among all other
interaction treatments up to 180 DAG. The significant effect could be due to
application of cytokinin with grafts promoted fast graft growth and maximum success
rate which might be due to increased callus formation, fast regeneration of phloem,
and enhanced nutrient transport to the scions from soil via stocks. This findings were
supported by the findings of Autio et al.(2014).

5.2.5 Girth of stem (5 cm graft above graft union)

Significant variation in girth of terms of individual effect of concentrations of
cytokinin and days of cytokinin application from 30 DAG to 180 DAG. Application of
cytokinin at a concentration of 200ppm (Ps) applied to the scion was found to be the
more at 30, 90 and 120 DAG. Cytokinin at a concentration of 100ppm (P1) noticed as
better at 60, 150,180 DAG. Considering individual effect of days of cytokinin
application, D:- 0 day prior to grafting treatment was the better treatment (3.06) on

girth of stem through out the graft growth intervals. According to interaction
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treatments on girth of stem, data indicated that the better (3.38) treatment was the
combination of cytokinin at 200 ppm + 0™ day prior to grafting (PsD1) up to 180 DAG
except 30 DAG. This influence might be due to the critical role of cytokinin in the
growth of vascular cell during the primary as well as secondary development of
vascular bundles. Moreover, the growth and development of cambium tissue was
regulated by cytokinin (Nieminen et al., 2008).

5.2.6 Length of leaves

The data pertaining length of leaf had showed variation by individual effect of
the concentration of cytokinin and days of cytokinin treatments from 30 DAG to 180
DAG. Interaction effect of both factors had influenced on length of leaf from 30 DAG
to 150 DAG. Length of leaves produced maximum (12.06) when application of
cytokinin was at a concentration of 200 ppm (P3) till 180 DAG. Individual effect of
days of cytokinin application, illustrated that D1- 0" day prior to grafting treatment
had the maximum (11.80) value on length of leaves. Related to interaction treatments
cytokinin at 200 ppm+0" day prior to grafting (P3Di) pointed as better (11.82)
treatment among all other interaction treatments up to 150 DAG. There was no
significant variation among interaction effects at 180 DAG.

5.2.7 Breadth of leaves

The data presented in the Table 17. showed that breadth of leaf was varied
with concentration of cytokinin and days of cytokinin application. The combination
effect of both also influenced breadth of leaf. Breadth of leaves was maximum (4.00)
when application of cytokinin was done at a concentration of 200ppm (P3) from 30
DAG to 180 DAG. Individual effect of days of cytokinin application, through out the
growth intervals (except 30 DAG at which non significance was found) indicated that
D, - 0" day prior to grafting treatment was found as better (3.83) treatment. D3 was
the inferior treatment. Data regarding interaction treatments on breadth of leaves
pointed that combined effect of cytokinin at 200ppm + 0" day prior to grafting (PsD1)
found to be the better (4.39) treatment among all other interaction treatments up to
180 DAG.
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5.2.8 Number of successful grafts

The results on number of sucesful grafts fom 30 to 180 DAG(table 18) reorded
significant difference between oncentration of cytokinin. With regard to number of
suessful grafts results indicated that from 30 to 180 DAG cytokinin at different
concentration had highly influenced on number of successful grafts .

As an individual treatment Ps-(11.66) had the higher effect on number of
successful grafts from 30 DAG to 180 DAG. This could be due to the fact that callus
makes a pathway for movement of water until formation of vascular connections
between the scion and rootstock. Application of cytokinin (Kinetin and BAP)
enhanced callus formation which showed success of grafts reported by Hartmann et
al. (1997). But, interaction effect of concentration of cytokinin and days of
application and individual effect of days of application failed to produce significant
difference on number of successful grafts from 30 DAG to 180 DAG.

5.2.9 Success percentage

Success percentage of grafts at 90 DAG revealed that concentration of
cytokinin at 200 ppm -P3 (82.22) had higher value which was on par with P1- (77.77)
and P.- (76.66). The effect of cytokinin (kinetin -250 ppm and BAP -250 ppm

) promoted graft take and showed significant variations in grape which was reported
by Kose and Guleryuz (2006) ; Sunitha et al. (2016 ). Here, treatment at control (P4)
level produced minimum (62.21) effect on success percentage. These findings have
close conformity with the present study. Days of application and interaction effect of
concentration of cytokinin and days of application did not make any significant

difference among the results.
5.2.10 Survival percentage

Considering survival percentage which was observed at 180 DAG illustrated
that concentration of cytokinin at 200 ppm -P3 (77.77) showed higher value which was
on par with P1-(71.10) and P»-(69.99). Concentration of cytokinin at control (P, )
level showed less (52.21) effect on survival percentage. Interaction effect of
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concentration of cytokinin and days of application and individual effect of days of

application did not record any significant difference on survival percentage.
5.2.11 Fresh weight and dry weight

The observation on both fresh weight and dry weight depicted that concentration
of cytokinin at 200 ppm (P3) registered the maximum (26.43 and 11.41 respectively)
which was on par with P2- cytokinin at 150 ppm (26.21 and 10.68 respectively) during
similar growth intervals. With regard to days of cytokinin application, D1-0" day
prior to grafting (27.05 and 11.26 respectively) showed highest value which was on
par with D2-5" day prior to grafting (23.34 and 9.87 respectively) and Ds- 10" day
prior to grafting (23.47 and 9.93 respectively). Among interaction effects in case of
fresh weight and dry weight, PsDi- cytokinin at 200 ppm + 0™ day prior to grafting
(33.19 and 16.39 respectively) recorded the higher effect (Fig.6) and P4D2- cytokinin
at control+ 5" day prior to grafting (20.07 and 8.64 respectively) showed minimum

effect (Fig.6) among all other interaction treatments.

In conclusion, generally the success rate and callus formation differently
depended on dose and graft combination. The regeneration of plant cells was varied
according to cytokinin concentration in current study. This change might be due to the
degree of cell sensitivity towards growth regulators, which depends on plant origin
and endogenous levels of growth regulators (Uranbey, 2005). Application of cytokinin
(at 100 ppm 150 ppm, 250 ppm) had significantly influenced on the morphological
characters as well as other observations of plant graft during growth intervals
compared to control treatment in the current study. The control treatment (without
cytokinin application) not responded satisfactorily on all graft combinations. These
findings were supported by the results of Kose and Guleryuz (2006) in which
cytokinin application, except for the 1000 mg/litre concentration, showed higher
callusing rate at the grafting point of all graft combinations compared with the

untreated control in case of grape vine.

Response of cytokinin on scion prior to grafting (5" and 10" days) was not
effectively produced influence on graft during growth intervals. This result was
agreement with findings of Yashwanti et al.(2017) in which effect of application of
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plant growth regulators (NAA, IBA and BA) to scion wood at seven days prior to
budding showed an inhibitory effect in bael. From the experiment finally we can
conclude that application of cytokinin at 200 ppm concentration on the same day of
grafting (T, -P3 D4 ) showed higher value in most of the observations like length of
scion, number of leaf (24.30), height of graft, leaf area (41.27 cm?), breadth of leaf (30
and 150 DAG), length of leaf (90 to 150 DAG) and girth of stem (90,120,180 DAG).
Standardization of effect of cytokinin on graft success in different cultivars of sapota

can be considered for further studies as a future line of work.
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6. SUMMARY

The salient findings of the present study entitled, “Refinement of softwood

grafting technique in Sapota (Manilkara zapota L.)” are summarized in this chapter.

The experimental study was undertaken at college of agriculture Padannakkad
Kasaragod during 2019-2021. The first experiment includes three environmental
conditions viz. open, polyhouse and polytunnel with three cultivars viz. Cricket Ball,
Pala and Oval and three scion precuring treatments viz. defoliation 10 days prior to
grafting, defoliation followed by grafting on the same day and grafting without
defoliation. Second experiment comprised of different concentration of cytokinin at
100ppm, 150ppm, 200ppm and control levels with different days of application like
0" day, 5" and 10™ day prior to grafting. The main objective of first experiment was
to know the best method for improving success percent in softwood grafting of sapota
cultivars by applying different environmental conditions with different precuring
treatments. The aim of second study was to evaluate the effect of cytokinin for
improving success of sapota grafting. The experiments were carried out with
completely randomized design with factorial concept. First study comprised of twenty
seven treatments combinations and second experiment was with twelve treatments

combinations.

A close examination to the first experiment indicated that individual effect of
environmental conditions on graft success upto final growth stage, grafting under Cs-
polytunnel proved to be the better one compared to open and polyhouse conditions for
observations viz. length of scion (19.28), girth of stem (2.70), number of successful
grafts (7.00), success percentage (48.14) , survival percentage (46.66) , leaf area
(26.01), length of leaf (9.15), breadth of leaf (3.85), number of leaves (14.79), fresh
weight (22.11), dry weight (10.01) and height of graft (33.47) during growth intervals.

Among the individual effect of cultivars on success of grafting indicated that
V1- Cricket Ball noticed higher influence on growth parameters like length of scion (at
60,90,150,180 DAG), leaf area (at 30,60 90 DAG), length of leaf (at 30,60,90 DAG),
number of successful grafts (5.22), success percentage (35.92) and survival percentage
(34.81). The observations viz. girth of stem (2.31), length of leaf (at 90,150 DAG) and
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breadth of leaf except 180 DAG (3.30) were significantly influenced by the individual

effect of cultivar V3-Oval.

Regarding the individual effect of scion precuring treatments, defoliation 10
days prior to grafting-S; had reported significantly higher values in characters viz.
number of leaves (13.69), length of scion (18.44), leaf area (22.31), height of graft
(32.76), girth of stem (2.59), length of leaf (8.34), breadth of leaf (3.65), fresh weight
(17.73), dry weight (7.99), success percentage (42.59) and survival percentage
(40.37).

Interaction effect of environmental conditions and cultivars during growth
stages of grafts illustrated that C; V5 (Polytunnel+Oval) showed higher on growth
parameters like number of leaves (15.30), leaf area (90,150,180 DAG), length of leaf
at 90 DAG, 150 DAG, 180 DAG(9.41) and breadth of leaf at 90 DAG, 120 DAG, 150
DAG. C3zVi(Polytunnel+Cricket Ball) had highest value on height of graft except 30
DAG (34.06), number of successful grafts (8.00), success percentage (54.44), survival
percentage (53.33) and dry weight (10.30) of grafts. C3V. (Polytunnel+Pala) had

recorded maximum in fresh weight (22.87).

With regard to the interaction effect of cultivars and scion precuring treatments
during growth period, V.S (Pala+10 days prior defoliation) recorded higher value on
survival percentage (43.33), fresh weight (19.50) and number of leaves (9.36) (30
DAG to 120 DAG). Interaction effect of V3S; (Oval+10 days prior defoliation) had
more value on dry weight (8.92) and height of graft except 90 DAG and180 DAG
(31.08).

Considering the interaction effect of environmental conditions and scion
precuring treatments during graft growth, CsSs (Polytunnel+ Without defoliation)
proved to be best on all growth parameters viz. length of scion (20.92), number of
successful grafts (11.66), success percentage (77.77), survival percentage (76.66), leaf
area (33.72), girth of stem (2.98), length of leaf (10.95), breadth of leaf (4.21), number
of leaves (17.78) and height of graft (34.71) from 30 DAG to 180 DAG.

The data showing combined interaction effect of environmental conditions,

cultivars and scion precuring up to the final graft growth stage indicated that Cricket
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Ball without defoliation of scion kept under polytunnel condition C3V1Sz (Polytunnel
+Cricket Ball+ Without defoliation) was found to be better treatment combination on
all growth parameters viz. girth of stem except 30 DAG(3.05),leaf area (35.42), length
of leaf except 30 DAG (11.22), breadth of leaf except 60 DAG (4.32), number of
leaves except 30 DAG, length of scion except 30 DAG and height of graft (34.75),
fresh weight (32.06) and dry weight (15.04). C1V3Sy(Open+ Oval+ Same day
defoliation) was the inferior treatment related to most of the growth parameters like
length of scion (16.83), girth of stem (2.32), number of successful grafts (3.00),
success percentage (20.00),survival percentage (20.00), leaf area (16.45), length of
leaf (7.25), breadth of leaf (3.11), number of leaves (except 120 DAG) and height of
graft (31.13). The treatments C:V1Ss (Open + Cricket Ball + Without defoliation),
C1V.S3(Open + Pala + Without defoliation), C1V3S3(Open + Oval + Without
defoliation), C>V1Ss (Polyhouse+ Cricket Ball + Without defoliation), C2V2Ss
(Polyhouse + Pala + Without defoliation) and C,V2Ss (Polyhouse + Pala + Without

defoliation) are failed which resulted in dried up grafts.

It is clear from second experiment that, cytokinin application (at 100ppm
150ppm, 250ppm) had significantly influenced on the morphological characters as
well as other observations of plant graft during growth stages compared to control
treatments. There was no satisfactorily response found in the control treatments

(without cytokinin application) of all graft combinations.

Regarding the individual effect of concentration of cytokinin, Ps- cytokinin at
200ppm registered higher value on observations like number of successful grafts
(11.50), success percentage (82.22), survival percentage (76.66), length of leaf
(12.06), leaf area (35.41), and breadth of leaf. Related to single effect of days of
cytokinin application, D1-0" day prior to grafting had higher value on observations
like length of leaf (11.80 ), number of leaf (22.62), dry weight (11.26), fresh weight
(27.05), height of graft, leaf area and girth of stem (3.06), length of scion and breadth
of leaf. Days of cytokinin application had no significance on number of successful

grafts, success percentage and survival percentage.

The interaction effect of concentration of cytokinin and days of cytokinin
application indicated that PsD; (cytokinin at 200ppm+0™ day prior to grafting) had
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higher value on observations like length of scion, number of leaf (24.30), height of
graft, leaf area (41.27 cm?), breadth of leaf (30 and 150DAG), length of leaf (90 to
150 DAG) and girth of stem (90,120,180 DAG). No significant interaction effect was
found in number of successful grafts, success percentage, survival percentage and
girth of stem (at 30 DAG). P4Ds (control treatment + 10" day prior to grafting) had

minimum effect on almost all observations.

Results from the first investigation revealed that grafting of Cricket Ball
without defoliation of scion kept under polytunnel condition (T, ; -C3 V; S3 )
favoured as best treatment which can be recommended in terms of growth parameters
viz. girth of stem except 30 DAG(3.05), leaf area (35.42), length of leaf except 30
DAG (11.22), breadth of leaf except 60 DAG (4.32), number of leaves except 30
DAG, length of scion except 30 DAG and height of graft (34.75), fresh weight
(32.06) and dry weight (15.04). Varietal effect on graft success indicated that cricket
Ball had best performance. Establishment of grafts under Cs-polytunnel found to be
higher compared to open and polyhouse conditions. Among scion precuring
treatments, defoliation 10 days prior to grafting-S; provided highest percentage of
graft success.

From second experiment, application of cytokinin at 200ppm concentration on
the same day of grafting (T, -P; D, ) found to be better for graft growth. Cytokinin
application at 0™ day prior to grafting-D; was effective. Regarding concentration of
cytokinin, application at 200 ppm showed higher value on growth parameters. But, it
was on par with P1 and P2 in terms of success and survival percentage of grafts. So,
economically we can recommend cytokinin application at 100 ppm (lower dose) for

graft success.

Future line of work

e There is a need for further investigation on off season production of graft
seedlings through modified grafting method

e Application of this modified technique for other fruit crops like mango can
also be promoted
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e Standardization of effect of cytokinin on success of graft in various cultivars

of sapota

e Different combinations of hormones (auxin, cytokinin) can be tried
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ABSTRACT

Sapota (Manilkara zapota L.) family sapotaceae is one of the fruit trees
which is adapted to humid tropical climate and diversified soil conditions.
Softwood grafting in sapota has become common among farmers and horticulture
nursery sector because it is an easy, as well as cheap method and helps in rapid
multiplication of plants with considerable success rate. Generally, Khirni
(Manilkara hexandra L.) is used as rootstock for grafting in sapota. The
investigation entitled “Refinement of softwood grafting technique in sapota
(Manilkara zapota L.)” was carried out at department of Horticulture, College of
Agriculture, Padannakkad, Kasaragod, during 2020-2021.The study was
conducted in completely randomized block design with factorial concept.

The first experiment was done with the objective to find out the best
practice for enhancing success percent in softwood grafting of sapota varieties
under different environmental conditions with different precuring treatments
having 27 treatment combinations replicated twice. The factors of first
experiment were environmental conditions (open-Ci1, polyhouse-C, and
polytunnel followed by shade net-C3) with cultivars (Cricket Ball-Vi, Pala-V,
and Oval-V3 ) and scion precuring treatments (defoliation 10 days prior to
grafting-S; , defoliation followed by grafting on the same day-S, and grafting
without defoliation-S; ).

Interaction effect of environmental conditions, cultivars and scion
precuring up to final stage of growth indicated that C3V1Ss (Polytunnel+ Cricket
Ball+ Without defoliation) had maximum value with respect to growth
parameters viz. girth of stem except 30 DAG(3.05),leaf area (35.42), length of
leaf except 30 DAG (11.22), breadth of leaf except 60 DAG (4.32), number of
leaves except 30 DAG, length of scion except 30 DAG and height of graft
(34.75), fresh weight (32.06) and dry weight (15.04). C1V3S2 (Open+ Oval+ Same
day defoliation) recorded lowest value with respect to growth parameters viz.
length of scion (16.83 cm), girth of stem (2.32 cm), number of successful grafts
(3.00), success percentage (20.00 %), survival percentage (20.00 % ), leaf area
(16.45cm?), length of leaf (7.25 cm), breadth of leaf (3.11 cm), number of leaves
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(except 120 DAG) and height of graft(31.13 cm).

The second experiment was undertaken to study the effect of cytokinin on
success of sapota grafting. Factors are different concentration of cytokinin (P, -100
ppm, P, -150 ppm, P3 -200 ppm and P, -control) and different days of application
(D, -0""day, D, -5"day and D5 -10"day prior to grafting). Among the individual effect
of cytokinin concentration, Ps- cytokinin at 200ppm was found to be highest in terms of
number of successful grafts, success percentage (82.22%), survival percentage (77%),
length of leaf(12.06cm ), leaf area, breadth of leaf, girth of stem at 30,90 and 120 DAG,
length of scion (120,150 and 180 DAG) and number of leaves (except 60 DAG).
Considering individual effect of days of cytokinin application, D; had the maximum
value on observations like length of leaf (11.80cm), number of leaf (22.62), dry weight
(11.269), fresh weight (27.059), height of graft, leaf area and girth of stem (3.06 cm),
length of scion and breadth of leaf. Considering the interaction effect between
concentration of cytokinin and days of cytokinin application, P3D: (cytokinin at 200
ppm+ 0™ day prior to grafting) proved to be the best treatment combination in terms of
observations like length of scion, number of leaf (24.30), height of graft, leaf area
(41.27 cm?), breadth of leaf (30 and 150DAG), length of leaf (90 to 150 DAG) and
girth of stem (90,120,180 DAG). P4D3 (control treatment+10" day prior to grafting)
was found to be lowest in terms of observations like number of leaf (18.80), leaf area
(21.27 cm?) and length of scion (13.40 cm).

The results obtained from present study revealed that grafting of sapota cv.
Cricket ball without defoliation of scion and kept under polytunnel condition (T21-
Cs; V; S3 ) as the best treatment which recorded highest graft success and survival
percentage. Grafts under Cs-polytunnel found to be better in growth parameters
compared to open and polyhouse conditions. Among scion precuring treatments,
defoliation 10 days prior to grafting-S; provided highest percentage of graft success.
Hence, modified grafting technique can be recommended as an ideal approach for
sapota propagation during off season also. Application of cytokinin at 200ppm
concentration on the same day of grafting (T, -Pz D; ) enhanced graft growth.
Regarding concentration of cytokinin, at 200ppm showed higher value which was on
par with Py and P> in terms of success and survival percentage. So, cytokinin
application at 100ppm (lower dose) for graft success can be recommend as

economically beneficial.
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Mo lajo

MUBIOISEIBM)  ESINIDD IIRI (AlIM  aNLINI SHHANIWQ
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BHIBaH1HGHIBCBZE 1621 aNLlal}aHNIBY) LBI(MRYNOIBINMDY @3 2020-
2021 HRIRBNNM  "MGISWIeR!  al@laHHnNd)e) 63516603
DABYBIOMD)  al@lHeMo”  af)M  MRINBHGSINS &0} alOMo
MSOOH@IAMRIW]. QAW @O 1&HEE8  (CL-0NMOQ
munelo, C2-Gal081aNMM, C3-Bal0831S6mM@0d) alBI®m©o
MGISWIMEBBRS T3 (V1-(ds 18OQGENIOUE, V,-aldRI, V3-6300UM@3),
QAUIOIMN® (allBHRQONEE @1 NDHUB (S1-[N9a0G 163 10 F1MoMEGMY
MUEIEM 1M MRIEAINYIHOMB,  S,-MVEWIM )M  RIAAINY 2]
Glmo @XM (N2a0Q16E,  S;-MVEWIAM M RIEAIIY1H6)®)
((N2a0G]163) @n0UrloNni 2] 6)HI6NS (N9a0g 1B lom
N2 U@AIMOo ESIE af)MDIEM 630MIDEITD al@leH6Mo.
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aiayl@emo (35.42), RIS M1830 (11.22), RIS (U°l0Y(4.32),
(N0a0Q1OM  OWMO(34.75) ©NSEERIQ M@ lHHHMEBRS 16RIZI00
C3V1Ss
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C1V3Ss, C,V;Ss, C2V,Ss, CoViSs MSEER1Q @1 18,8108 Nilsulala)
(NN BHUB Al}BGEMMIWI0 Al@IRWAIQ @M.
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10 GlMo MEGMI-D;, 5 GlMo MEMU-D,, (NaNG1ERIOM @D
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QNN o) ((N0a0QH-U8 A2y NNRQUBMAIMo BN 12f). DN
MRIHBIOS MY I@emo (41.27), DLIHEINS NAM)] (4.37), DRIHSINS
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S1O0DMDHUBH  (alOWIMIMBS  (MUIOUWIMo  §alLROMIN
Y6010y 18],
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APPENDIX |

Date Temperature Relative humidity Rainfall
Max Min I I (mm)

1-11-2020 31 24 88 61 0
2-11-2020 34 22 60 77 0
3-11-2020 345 24 84 73 0
4-11-2020 345 225 84 73 0
5-11-2020 34 215 88 100 0
6-11-2020 345 24 92 89 0
7-11-2020 32 235 92 92 0
8-11-2020 335 25 85 67 0
9-11-2020 34 23 92 57 0
10-11-2020 345 215 91 49 0
11-11-2020 345 175 70 45 0
12-11-2020 345 18 77 85 0
13-11-2020 345 20 96 74 0
14-11-2020 345 24 96 62 11
15-11-2020 33 235 92 56 0
16-11-2020 33 25 96 76 0
17-11-2020 35 23 92 73 16
18-11-2020 35 22 85 86 7.2
19-11-2020 34 24 84 64 0
20-11-2020 33 22 88 73 0
21-11-2020 34 23 96 61 0
22-11-2020 33 20.5 83 48 0
23-11-2020 33 18 82 48 0
24-11-2020 33 18.5 91 48 0
25-11-2020 34 18 83 56 0
26-11-2020 34 235 84 64 0
27-11-2020 34 23 76 56 0
28-11-2020 34 215 91 58 0
29-11-2020 34 23 88 57 0
30-11-2020 33 23 88 62 0
1-12-2020 34 225 91 46 0
2-12-2020 34.5 20 87 47 0
3-12-2020 32 21 91 63 0
4-12-2020 32 24 92 69 0
5-12-2020 32 225 91 59 0
6-12-2020 34 235 93 59 0
7-12-2020 34 24.8 94 73 0
8-12-2020 34 235 91 64 11
9-12-2020 33 24 92 58 0
10-12-2020 33 235 96 61 0.2
11-12-2020 33 24 92 61 0
12-12-2020 34 24.5 92 72 0




Temperature Relative Humidity Rainfall (mm)
Date
Max Min I I
13-12-2020 34 22 96 67 92
14-12-2020 34 235 88 67 0
15-12-2020 34 22 96 67 0
16-12-2020 34 22 91 67 0
17-12-2020 34 235 96 73 0
18-12-2020 34 235 96 61 0
19-12-2020 33 20.5 96 68 0
20-12-2020 34 20.8 91 48 0
21-12-2020 33 19 96 76 0
22-12-2020 32 20 91 76 0
23-12-2020 32 20 91 54 0
24-12-2020 34 235 91 61 0
25-12-2020 34 235 92 61 0
26-12-2020 34 22.5 96 61 0
27-12-2020 32 20 83 83 0
28-12-2020 32 19 92 64 0
29-12-2020 32 215 91 56 0
30-12-2020 32 215 100 73 0
31-12-2020 33 22.5 91 67 0
01-01-2021 32 23 91 61 0
02-01-2021 34 195 91 50 0
03-01-2021 33 24 91 57 0
04-01-2021 33 19 83 61 0
05-01-2021 33 23 96 67 22
06-01-2021 32 23 93 61 0
07-01-2021 32 22 96 79 20
08-01-2021 32 23 96 72 36.6
09-01-2021 32 23 91 70 14
10-01-2021 32 23 96 67 0
11-01-2021 32 23 91 66 0
12-01-2021 32 22.5 96 60 0
13-01-2021 33 22 91 59 0
14-01-2021 32 22 96 66 0
15-01-2021 31 24 88 57 0
16-01-2021 32 23 96 65 0
17-01-2021 32 23 96 67 0
18-01-2021 32 23 91 67 0
19-01-2021 31 22.5 96 61 0
20-01-2021 31 21 93 61 0
21-01-2021 34 21 96 61 0
22-01-2021 34 22 96 55 0
23-01-2021 34 24 88 61 0
24-01-2021 34 24 96 64 0
25-01-2021 34 22 96 67 0
26-01-2021 33 20.5 95 56 0
27-01-2021 33 20 91 66 0
28-01-2021 33 20 91 50 0
29-01-2021 32 20.5 91 50 0
30-01-2021 32 20.8 91 50 0




31-01-2021 32 23 92 57 0
01-02-2021 35 20 91 51 0
02-02-2021 33 20 91 59 0
03-02-2021 33 20 94 50 0
04-02-2021 33 22 91 58 0
05-02-2021 32 22.6 95 56 0
06-02-2021 33 21.3 94 64 0
07-02-2021 33 20.9 94 46 0
08-02-2021 33 18 95 32 0
09-02-2021 33 18.2 90 37 0
10-02-2021 33 18.4 91 58 0
11-02-2021 33 19.5 91 61 0
12-02-2021 33 21 93 61 0
13-02-2021 33 22 91 58 0
14-02-2021 33 22 91 64 0
15-02-2021 33 22.3 96 58 0
16-02-2021 33 22 96 58 0
17-02-2021 32 21.5 96 51 0
18-02-2021 33 21 91 53 0
19-02-2021 33 22.5 87 56 0
20-02-2021 33 21 64 61 0
21-02-2021 33 21 91 58 5.8
22-02-2021 33 21.5 87 61 6
23-02-2021 33 21 91 59 0
24-02-2021 34 23 91 56 0
25-02-2021 33 19 92 58 0
26-02-2021 33 22.5 92 64 0
27-02-2021 33 25 92 67 0
28-02-2021 32 25 92 67 0
01-03-2021 33 25 92 64 0
02-03-2021 33 23.5 97 59 0
03-03-2021 34 23 91 67 0
04-03-2021 34 22 92 68 0
05-03-2021 34 21 91 61 0
06-03-2021 37 22.5 87 64 0
07-03-2021 36 23 84 62 0
08-03-2021 35 24.3 93 62 0
09-03-2021 35 24 92 55 0
10-03-2021 34 24.5 88 59 0
11-03-2021 34 24 91 56 0
12-03-2021 34 23.5 89 61 0
13-03-2021 34 24 92 67 0
14-03-2021 34.5 27 85 57 0
15-03-2021 34 24.5 92 59 0
16-03-2021 34 24.5 88 62 0
17-03-2021 34 24 88 62 0
18-03-2021 34 24.5 88 62 0
19-03-2021 34.5 25 88 77 0
20-03-2021 34 25 88 67 0
21-03-2021 34.2 22.8 89 59 18
22-03-2021 34 22.8 90 57 0
23-03-2021 34 24.7 88 61 0
24-03-2021 34.5 255 85 62 0




25-03-2021 34.7 25.5 88 71 0
26-03-2021 33.8 25.5 90 71 0
27-03-2021 34.6 25.5 88 68 0
28-03-2021 34.5 26 81 68 0
29-03-2021 34.5 26 85 65 0
30-03-2021 34.5 25 51 65 0
31-03-2021 34.5 25 88 62 0
01-04-2021 34 27 88 62 0
02-04-2021 35 24 92 62 0
03-04-2021 33.5 24 92 68 0
04-04-2021 34 24 84 57 0
05-04-2021 35 24 92 73 0
06-04-2021 34 23.5 81 66 0
07-04-2021 34.5 22 75 79 0
08-04-2021 34 28 85 79 0
09-04-2021 34 25 88 63 0
10-04-2021 35 25 88 63 0
11-04-2021 35 28 78 57 0
12-04-2021 35 25 84 57 0
13-04-2021 34.5 24 96 60 0
14-04-2021 34.5 26 78 57 0
15-04-2021 34.5 26 85 64 0
16-04-2021 33 25 85 74 0
17-04-2021 34 24.5 84 55 0
18-04-2021 34.5 26 85 65 0
19-04-2021 34 24.5 100 68 52
20-04-2021 34 24.5 92 81 0
21-04-2021 35 26 92 62 0
22-04-2021 33.5 24.5 92 62 5.6
23-04-2021 32.5 26 88 62 0.2
24-04-2021 33 255 92 57 0
25-04-2021 34 26 88 68 0
26-04-2021 35.5 25.7 92 68 0
27-04-2021 349 26.5 81 62 0
28-04-2021 344 26.2 96 65 0
29-04-2021 35.2 26.2 82 60 0
30-04-2021 35 24.5 88 62 6.2




