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ABSTRACT

An experiment on “Standardisation of stem cutting technique of Dragon Fruit
(Hylocereus costaricensis Britton & Rose)” was conducted in the Experimental Farm,
Department of Horticulture, Assam Agricultural University, Jorhat during 2020 and
2021 to standardise suitable size and time of cutting with optimum concentration of
IBA in Dragon fruit. One year old dragon fruit segments (stem) were collected from
the Farm of Krishi Vigyan Kendra, Jorhat. The experiment was laid out in a three
factorial Completely Randomised Design with three replications. The treatments
were: two time of cuttings — January (M1) and April(M.); three sizes of cuttings — 10
cm(L1), 15 cm(L2), 20 cm(Ls); four IBA concentrations —100 ppm(l1), 250 ppm(l2),
500 pm(l3) and 0 ppm(ls). There were twenty-four treatment combinations in the trial.
The cuttings were raised in polybags (20 cm x 22 cm). Observations on root and shoot
growth, shoot quality parameters were recorded at 40 and 60 days after planting
(DAP). Between the January and April month cuttings, the cuttings taken in the
month of April gave better performance in terms of root and shoot growth parameters.
April cuttings recorded minimum days required for root formation (18.09 days) and
shoot initiation (33.44 days) with 98.13% survival. Among the three sizes of cuttings,
the 20 cm cuttings exhibited superior root and shoot growth parameters. The 20 cm
cuttings recorded early root formation (18.46 days), shoot initiation (29.58 days) and
99.17% survival. Cuttings treated with 250 ppm IBA professed better root and shoot
growth parameters among the four IBA concentrations. The 250 ppm IBA treated
cuttings recorded maximum root number (13.97 at 40 DAP; 15.97 at 60 DAP), shoot
number (3.18 and 5.01 at 40 DAP and 60 DAP respectively), early shoot initiation
(29.44 days) and highest survival percentage (99.17 %). The 500 ppm IBA treated
cuttings recorded early root formation (15.06 days) and highest length of the longest
root (14 cm at 40 DAP; 17 cm at 60 DAP) which was at par with 250 ppm IBA
treated cuttings. Among the treatment combinations, T22 (April cuttings+ 20 cm size +
250 ppm IBA) took minimum days for root formation (days) and shoot initiation
(days) recorded the highest root number (18.84 at 40 DAP ; 20.83 at 60 DAP), root
length (18.83 cm at 40 DAP ; 20.83 cm at 60 DAP), root dry weight (0.50 g at 40
DAP ; 0.71 g at 60 DAP) and shoot numbers (4.4 and 5.73 at 40 DAP and 60 DAP
respectively), length of primary shoots (21.37 cm at 40 DAP ; 22.7 cm at 60 DAP),
shoot dry weight (11.93 and 13.43 g at 40 DAP and 60 DAP respectively), nitrogen
percentage (2.71 and 2.75 % at 40 DAP and 60 DAP respectively), protein percentage
(16.94 and 17.18 % at 40 DAP and 60 DAP respectively), chlorophyll content (0.45
and 0.51 mg/g at 40 DAP and 60 DAP respectively) and vascular cambium thickness
(0.12 and 0.15 mm at 40 DAP and 60 DAP respectively) which was followed by T2z
(April cuttings+ 20 cm size + 500 ppm IBA).

Thus, it may be inferred that 20 cm cuttings of dragon fruit taken in the month
of April treated with 250 ppm IBA appeared to be the best treatment combination
which registered minimum days required for root formation and shoot initiation,
highest root and shoot growth parameters, shoot nitrogen, protein, chlorophyll content
and thickest vascular cambium layer with 100% survival.
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CHAPTER |
INTRODUCTION

Dragon fruit (Hylocereus costaricensis Britton & Rose) is a perennial
epiphytic fast growing vine cacti of the Cactaceae family. It is a non-climacteric fruit
with attractive scaly bracts. Though it has its origin in the tropical and sub-tropical
forest regions of Central and South America but its cultivation had spread to countries
like Vietnam, China, Indonesia, Australia, Taiwan, USA, Israel, India, Sri Lanka etc.
with varied agro climatic and agro ecological conditions (Britton and Rose, 1963;
Mizrahi et al., 1997). Currently, Vietnam, China and Indonesia occupy 93 % share of
world dragon fruit production. Vietnam is the leading producer with 51.1 % share of
world dragon fruit production. Dragon fruit production in India is very negligible,
with a share of only 0.20 % of world dragon fruit production (Karunakaran et al.,
2019).

Dragon fruit can be commercially cultivated up to an altitude of 1700
m above mean sea level with an annual rainfall requirement of 500 - 2000 mm. The
suitable temperature ranges from 20° C to 30° C. It grows well in slightly acidic soils
with pH 55- 6.5 (Gunasena et al., 2007). Due to the presence of xerophytic
adaptations of Crassulacean Acid Metabolism (CAM) and presence of a waxy layer
over its succulent stems, these plants can even be grown in desert conditions with low
rainfall and temperature as high as 38°C- 40°C. Dragon fruit plants have shallow roots
(less than 40 cm) due to which they are less choosy to specific soil requirements and

can be grown in varied soil conditions free from water logging (Cabahug et al., 2018).

Dragon fruit is gaining importance due to its health benefits. The fruits
are low in calories and rich in vitamin C (4-10 mg/ 100g fresh fruit), calcium (6.3-8.8
mg/ 100 g), phosphorus (30.2- 36.1 mg/ 100 g), iron (0.5- 0.61 mg/100 g), protein
(0.16- 0.23 %), fat (0.21- 0.61 %) and fiber (0.7- 0.9 %) (Jalgaonkar et al., 2020).
Moreover, its seeds are having polyunsaturated fatty acids predominantly linoleic acid
(50.8 %), oleic acid (21.5 %) and palmitic acid (12.6 %) (Jeronimo et al., 2015). The
fruits are also rich in neutraceutical elements. The fruits are high in antioxidants
(phyto albumins), which help to fight against carcinogenic free radicals forming in the
body. Dragon fruit has prebiotic potential along with the antiviral, antimicrobial,



wound healing, anti- hyperlipidaemic, anti-obesity, hepatoprotective, anti-
inflammatory and anti- anaemia activities. The seeds of the fruit are reported to help
in controlling blood glucose levels in people with non-insulin dependent
hyperglycaemic conditions (a kind of diabetes). It also treats stomach and endocrine
problems. Dragon fruit also improves eyesight and prevents hypertension. Dragon
fruit is an emerging fruit crop of the 21% century. The market share of dragon fruit is
gradually increasing throughout the world due to its attractive appearance, luscious
taste and health benefits. The Mordor Intelligence Report (2020) forecasted that the
global dragon fruit market will register a CAGR (Compound Annual Growth Rate) of
3.9 % during the period from 2021 to 2026.

Dragon fruit was introduced to India in the late 1990s. Initially, its
cultivation was undertaken in Gujarat, Tamil Nadu, Maharashtra, Andhra Pradesh,
Orissa, West Bengal, Telangana, Kerala and Andaman & Nicobar Islands with a total
acreage of 400 hactres. But, according to the recent estimates dragon fruit cultivation
has expanded to Rajasthan, Punjab, Haryana, Madhya Pradesh, Uttar Pradesh and
North East India leading to an acreage of 3000- 4000 hactres in 2020 (Wakchaure et

al., 2020). This fruit have also gained popularity in the north-eastern states of India.

Dragon fruit can be propagated through seeds and also vegetatively
propagated through stem cuttings, grafting and micropropagation. The seedlings
obtained through seed propagation are not true to type and they remain small with thin
stems even one year after planting. The seed propagated plants also take 3—4 years to
bear fruits. Due to all these reasons seed propagation of dragon fruit is not preferred.
Among the vegetative propagation methods grafting is not feasible for mass
propagation. Although, micropragation is capable of mass propagation but the
requirement of high initial cost, modern infrastructures and technical skills makes it
impracticable for supplying bulk quantities of low-cost planting materials. On the
other hand, stem cutting technique is comparatively cheap which can be practiced by
a layman without any technical skills. Moreover, it is also capable of providing large

quantities of true to type planting materials in the shortest time.

In India, farmers are multiplying the dragon fruit with ranges of cutting
lengths, there is no standardized length of cuttings in dragon fruit. The acreage of
dragon fruit cultivation is rapidly increasing in the North East India. As dragon fruit is

a newly introduced crop in this part of the country, there is scarcity of planting



materials to cater the needs of the farmers. Hence, stem cutting technique is preferred
as a commercial method of dragon fruit propagation. Length of cuttings in dragon
fruit plays an important role in rooting which is considered as key factor determining
the rooting success. Optimization of cutting length is very essential as longer cuttings
could result in wastage of propagation material whereas shorter cuttings might lead to
poor rooting and establishment of the plant. Indole butyric acid (IBA) is a widely used
rooting hormone and has the ability to stimulate rooting of cuttings in dragon fruit.
The success of cuttings also depends on the time of taking the cuttings as the levels of
endogenous plant growth regulators and carbohydrates in the mother plant varies in different
times of the year (Hartmann et al., 2011). However, reports on propagation of dragon
fruit from cuttings and use of growth regulators for better root growth are scanty.
Therefore, the current study was undertaken on the propagation of Dragon fruit

through stem cuttings with the following objectives:
1) To standardise the size of cuttings of dragon fruit

2) To find out optimum concentration of IBA for rooting and better growth of stem

cuttings.

3) To find out the suitable time of cuttings



CHAPTER Il
REVIEW OF LITERATURE

Dragon fruit is gaining popularity in the recent years due to its
delicious fruits enriched with nutritional and medicinal values and also its
adaptability to humid as well as semi-arid tropical and subtropical conditions. Due to
its high market demand, it needs rapid and mass multiplication of dragon fruit. But it
should be taken care of that the chosen method of propagation should retain the
desired quality of the fruits besides perpetuating it in the shortest period of time.
Dragon fruit can be propagated by both sexually via seeds as well as asexually via
stem cuttings, grafting and also via micropropagation.

In this chapter the propagation techniques of dragon fruit are reviewed

with special emphasis to the stem cutting technique of dragon fruit propagation.
2.1 Sexual Propagation

Sexual propagation in dragon fruit is carried out through seeds. The
dragon fruit seeds show 83% viability (Ahmed, 2006). But seed propagation is very
rare in dragon fruit as seedlings raised from seeds require a long period to yield and
also the seedlings are less vigorous and also not true to type when compared to the
vegetatively propagated seedlings (Tripathi et al., 2014). But, in genetic studies seed
propagation is an indispensable tool as it provides genetic variability, prolonged

lifespan and disease and pest resistance to its seedlings up to a certain level.

The literature on the seed propagation in dragon fruit is very limited.
The seeds are minute in size and black in colour. A higher germination percentage is
obtained when sown soon after extraction. Dragon fruit seed germination is affected
by several factors such as sown media, temperature and light intensity received by the
seeds. Ahmed (2006) reported highest germination percentage (82%) in peat moss +
sand mixture (1:1) and least time required for germination in peat moss (18 days).
Ahmed (2006) also reported fastest germination at 16° C and highest germination
percentage at 24° C. A drop of 19% rate of germination is reported when the exposure
of 2000 Ix light intensity is increased from 12 hrs/day to 24 hrs/day. Seeds are sown
in polybags or trays and later the two-month-old seedlings are transplanted to pots



and kept there until they become ready to be transplanted to the main field. Tripathi et
al. (2014) stated that the seedlings do not become ready to be transplanted to the main

field even one year after germination.
2.2 Asexual Propagation

Hartman et al. (2011) stated that every plant cell has the capacity to
develop into a new plant. This fact simplifies the use of several plant parts such as the
leaves, nodes and internodes, buds, scion, cuttings, bulb, corm etc. in plant
propagation (Poethig, 2013). When we say asexual or vegetative propagation in
dragon fruit, we commonly refer to the stem cutting technique but a very limited
published research articles are found on the grafting technique and in-vitro

propagation techniques in dragon fruit.
2.2.1 Propagation through grafting

Grafting is an important asexual propagation technique in dragon fruit.
It enables a species of dragon fruit more suitable in a particular climatic and edaphic
conditions to be used as rootstock and a species of dragon fruit with desired qualities
but less adaptable in the concerned climatic and edaphic conditions to be used as
scion. Wang et al. (2011) patented a wedge grafting technique in dragon fruit with
more than 95 % survival percentage of the grafted plants. Similarly, there are few
other grafting techniques in dragon fruit patented by Ziyou (2015), Weixi et al.
(2015) and Xiankun et al. (2013).

2.2.2 Micropropagation or in-vitro propagation

Micropropagation refers to the process of vegetative growth and
multiplication by providing special growth media to the plant tissues or seeds in
aseptic and favourable conditions. The micropropagation technique of dragon fruit is
affected by the factors such as the explant used, media used, shoot culturing, sub
culturing, in- vitro rooting and acclimatization of the in-vitro propagated plantlets. In
dragon fruit stem segments, areoles with thorns, young in-vitro germinated seedlings
of about 4 weeks old and 40 days old cotyledonary leaves of the previously
germinated seeds are generally used as explants. Vinas and Brenes (2012) reported a
greater number of shoots from the areoles taken from the central portion of the stem
than the distal and proximal portions. Hua et al. (2015), Suman et al. (2017), Thiha
(2019) and Kasim and Basri (2015) reported maximum number of vigorous shoots in



MS medium supplemented with with 3 UM zeatin + 0.5 uM IBA, 3 mg/L BAP + 1
mg/l KIN, 10 uM BAP and 3 mg/l BAP + 0.5 mg/l NAA, respectively. Kari et al.
(2010) and Sheng et al. (2016) found highest germination percentage of dragon fruit
seeds when treated with 0.5 ppm IBA + 1 ppm kinetin and 1 ppm BAP + 0 ppm IBA,
respectively. Highest callus induction in dragon fruit was recorded when the medium
is supplemented with 3.6 ppm 2, 4-D + 1.8 ppm BAP (Sheng et al., 2016) and 3mg/I
BAP + 0.5 mg / NAA (Kasim and Basri, 2015). Maximum size of the somatic
embryos in dragon fruit in MS basal medium supplemented with 2 mg/l of 2, 4-D was
reported by Suman et al. (2017). Thiha (2019) recommended 0.3uM NAA
containing media for root induction and also stated that NAA level higher than 0.3

MM NAA tends to induce abnormal shoots and callus.
2.2.3 Propagation through stem cutting

Stem cutting is the commercial method of dragon fruit propagation as
it yields true to type fruits in the shortest period of time. Success of the stem cutting
technique depends on various factors such as the size of the cuttings, maturity or age
of the cuttings, time of taking cuttings, portion of the stem used for cutting
preparation, media used for the rooting of the cuttings, application of plant growth
regulators (PGRs), fresh weight of the cuttings and the environmental conditions
(Pedda et al., 2019).

2.2.3.1 Physiology of rooting in cuttings

Adventitious root formation is the ability of a plant to initiate roots
from any part of the plant either as a normal process or as a stress response.
Adventitious root formation in the excised stem cuttings mainly occurs due to the
following reasons: 1) as a wound response at the cutting portion (2) as a response to
the physical separation of the excised portion from the food resource of the mother
plant and (3) as a response to the separation of the excised portion from the hormonal
signalling pathway of the mother plant (Haissig, 1986). Immediately after the
excision of the stem portion, jasmonic acid level increases in the excised stem cutting
and jasmonic acid have been reported to enhance the rooting of the stem cuttings.
Moreover, cytokinin and strigolactone which are reported to inhibit rooting process
are produced in the roots of the mother plants. When the stem cuttings are separated

from the mother plants, they also get separated from the roots of the mother plant due



to which the levels of cytokinin and strigolactone decreases in the cuttings. Whereas,
the auxins are produced in the growing meristematic tissues of the apical portions of
the plant and transported towards the base of plant. Due to such basipetal movement
of auxins, they get accumulated in the basal portion of the cuttings and support the
rooting process of the cuttings. The process of adventitious root formation in the stem
cuttings may be divided into three stages: 1) formation of specialised meristematic
cells called as root initials (2) differentiation of the root initials into root primordia (3)
development of root primordia into a complete root and forming vascular connections
with the stem. Depending on the type of plant the root initials that gives rise to
adventitious roots may generate from different cells of the plant. In herbaceous plants
the root initials are formed in between the vascular bundles whereas in woody plants
the root initials are formed from either secondary phloem tissues or cambium cells or
pith cells or vascular rays. These root initials develop into complete roots under
suitable conditions. However, in some plants a mass of undifferentiated cells called as
callus is developed in the wounded portion of the stem cutting and later the callus
gives rise to roots. Lazcano et al. (1999) reported higher root numbers in the prickly-
pear cactus cladodes with the wounding methods having higher cut surface area and
treated with auxins. They also reported that suberization of the cut surface prevents

rotting of the cladodes.
2.2.3.2 Size of the cuttings

It is one of the most important factors for the rooting or shoot initiation
of the dragon fruit cuttings as it is proved that the higher carbohydrate content and
higher rate of photosynthesis in the larger cuttings leads to early root and shoot
initiation with better quality. The available literatures justify the use of cuttings as
small as 5¢cm to as large as 45 cm for dragon fruit propagation. Ahmed (2006) studied
the growth and development of three cutting sizes (5, 15 and 25 c¢cm) and recorded
100, 87 and 65 % rooting of the cuttings of size 25 cm, 15 cm and 5 cm, respectively
after one week of planting. Fumuro (2011) evaluated dragon fruit cuttings of 8 cm, 12
cm and 16 cm lengths and recorded highest rooting percentage (83 %) and highest
root fresh weight on the cuttings of 16 cm size. Out of the three different sizes of
dragon fruit cuttings (5, 10 and 15 cm), the cuttings of 15 cm size showed better shoot
and root development even without the application of IBA. (Malswamkimi et al.,
2019)



Kakade et al. (2019) studied the influence of different cutting sizes
(10-15 cm, 15-20 cm, 20-25 cm, 25-30 cm, 30-35 cm, 35-40 cm and 40-45 cm) on
shoot and root development in dragon fruit. They recorded maximum length of new
shoots, dry weight of shoots and fresh weight of roots in cuttings of 35-40 cm size.
Gomez et al. (2000) attempted vegetative propagation of three cactus species: Pitaya
(Stenocereus griseus), Tunillo (Stenocereus stellatus) and Jiotilla (Escontria
chiotilla). Pitaya and tunillo were successfully propagated by stem cuttings of 0.5 m
lengths whereas they were unable to propagate Jiotilla. Trivellini et al. (2020)
compared the rooting percentage of 10 cm and 20 c¢cm sized cuttings of dragon fruit.
They reported 100 % rooting of 20 cm sized cuttings after four weeks of planting

whereas 10 cm sized led to 100 % rooting only after six weeks of planting.
2.2.3.3 Age of the cuttings

While selecting the stem of the mother plant to be used for the
preparation of the cuttings, the age or maturity of the selected stem is an important
factor which must be taken into consideration. The ability to form adventitious roots
is more in juvenile cuttings than the mature cuttings (Cavalcante and Martins, 2008).
The reason for this is due to the presence of some rooting promoters such as auxin,
ethylene and carbohydrate in juvenile cuttings and rooting inhibitors such as
cytokinin, abscisic acid and gibberellin in mature cuttings. Fumuro (2011) studied the
effects of age of dragon fruit cuttings on rooting by considering immature cuttings,
one year old cuttings and two-year-old cuttings. The cuttings of one year old, two-
year-old and immature cuttings led to 95%, 95 % and 25 % rooting after two months.
However, the root fresh weight and dry matter percentage was highest in cuttings of
one year old and two-year-old cuttings, respectively.

2.2.3.4 Effect of portion of the stem used for cutting

Various experiments were carried out to determine whether the
proximal, central or distal portions of the stem gives better quality root and shoot
characteristics. Fumuro (2011) studied the effect of part of the stem used for
propagation on rooting ability of dragon fruit cuttings. It was concluded that basal or
proximal portions of the stem led to 100 % rooting, highest root fresh weight (2.25 g)
and dry matter percentage (13.10 %). Nandi et al. (2019) evaluated the part of the



stem used for dragon fruit propagation on rooting ability. They concluded that the

middle part of the stem leads to maximum alive cuttings (100 % ).
2.2.3.5 Effect of fresh weight of the cuttings

As the stored food materials in the cuttings helps in the rooting of
dragon fruit cuttings therefore, the fresh weight of the cuttings is an important factor
for the success of the cuttings. Fumuro (2011) evaluated dragon fruit stem cuttings of
three fresh weight groups (30 — 50 g, 51 — 70 g and 71 — 90 g) each of 12 cm lengths
for their rooting performance. The group containing cuttings of 71 — 90 g fresh

weight gave highest rooting percentage (100 %) and root fresh weight (2.89 g).
2.2.3.6 Time of taking cuttings

Cuttings should be taken at a particular time of the year due to the fact
that the levels of endogenous plant growth regulators, rooting cofactors and
carbohydrates in the mother plant varies in different parts of the year (Hartmann et
al., 2011). The seasonal variation for the success of the cuttings may be attributed to
the changes in the levels of phenolic compounds in the mother plant (Curir et al.,
1992). The seasonal variation in the success of cuttings also depends on the levels of
shoot RNA, whose levels are high during the season having highest number of
successful cuttings (Davies, 1984). It was reported that for the initiation of the cell
division of the root initials, a certain level of protein and DNA synthesis is required
and the gene regulation for protein and DNA synthesis is regulated by increased shoot
RNA activity (Molnar and Croix, 1972; Davies, 1984). It was also found that there is
higher cambial activity in the season showing highest rooting percentage which is
attributed to the fact that there are higher levels of endogenous auxins during the
season which enhances the cambial activity (Davies, 1984; Wodzicki, 1978). Nandi et
al. (2019) conducted an experiment on red dragon fruit at Onda block of Bankura
district in West Bengal to find out the best month in a year for its propagation. They
reported 100 % of alive cuttings during the months of November, December, January,
February and March. They also reported lowest survival percentage during September
and October (20 % and 10 % respectively).

2.2.3.7 Effect of Plant Growth Regulators (PGRS)

Plant growth regulators, especially auxins and cytokinins are
responsible for the rooting of cuttings. The auxins promote rooting whereas the
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cytokinins inhibit rooting. Although, there is higher levels of endogenous auxins in
the peak period for cutting but the importance of its exogenous application arises in
order to carry out year-round production of the cuttings and also to enhance rooting of
smaller size cuttings. Indole-3-Butyric Acid (IBA), 1-Napthalene Acetic Acid and
Indole-3-Acetic Acid (IAA) are widely used auxins for rooting of dragon fruit stem
cuttings. Ahmad et al. (2016) conducted an experiment to find out the best IBA
concentration among 0 ppm, 50 ppm, 75 ppm and 100 ppm for the rooting of dragon
fruit cuttings. They reported highest root number (13.2), root fresh and dry weight
(2.7 g and 0.8 g respectively), root length (12.7 cm) and root diameter (1.5 mm) at
100 ppm IBA concentration. Malswamkimi et al. (2019) reported that stem cuttings
treated with 1000 ppm IBA concentration recorded better shoot growth and
establishment of the stem cuttings in the field whereas total nitrogen and protein

percentage was reported to be higher at 250 ppm IBA concentration.

Ahmed (2006) tested 5, 10 and 15 mM IBA solutions for the rooting of
dragon fruit cuttings and concluded that 10 mM solution provides better rooting
percentage, root number and root length in smaller size cuttings of 5 cm. Siddiqua
and Thippesha (2018) tested IBA, NAA and there combinations and found that
cuttings treated with IBA 7000 ppm recorded maximum shoot length (17.45 cm),
shoot diameter (3.53 mm), shoot fresh and dry weight (56.66 g and 11.12 ¢
respectively), sprouting percentage (58.67 %), number of sprouts (2.43) and root to
shoot ratio (0.67). Dhruve (2017) found that the cuttings treated with 6000 ppm
solution of IBA required less days for sprouting with maximum rooting percentage,
root number, root fresh and dry weight, maximum length of roots and shoots, and
maximum number of shoots. Minz (2020) reported early sprouting (35 days) and
highest root to shoot ratio (0.93) and survival percentage (98.34 %) in dragon fruit
stem cuttings treated with IBA 7000 ppm. Root growth was found best in the cuttings
treated with IBA 8000 ppm (Seran and Thiresh, 2015). In a study on dragon fruit
conducted by Fumuro (2011), it was found that cuttings treated with NAA of 2000
ppm solution recorded the highest rooting percentage (98.3 %) and root fresh weight
(5.43 g).

2.2.3.8 Rooting media

The rooting media plays a crucial role in the rooting of the cuttings.

The media should have proper water holding capacity combined with a proper
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drainage capacity in order to provide sufficient water to the cuttings by avoiding
stagnation of water in the medium. Normally soil, farmyard manure and sand mixture
in the ratio of 1:1:2 is used as rooting media for the stem cuttings of dragon fruit
(Tripathi et al., 2014). Ahmed (2006) evaluated peat moss, peat moss + sand (1:1)
and sand for the rooting of dragon fruit cuttings. Highest root number (43) was
reported in peat moss whereas highest root length (8.2 cm) was reported in sand at
21" day after planting. Vermicompost was better than compost for the rooting of
dragon fruit cuttings (Sudarjat et al., 2018). It took least time for root initiation when
grown in IAA 300 ppm + 100 % soil and maximum root numbers was recorded in
cuttings grown in IAA 200 ppm + 100 % soil at 100" day after planting (Rahad et al.,
2016). Soil + sand + cocopeat + vermicompost (2:1:1:1) gave superior results in both
root and shoot parameters.

2.3 Effect of environmental factors

Generally, the environmental conditions considered during raising of
cuttings comprises of the sunlight percentage received, temperature of the media or
the atmosphere and the relative humidity of the atmosphere. The cuttings should
receive an optimum level of sunlight so that the cuttings can carry on the
photosynthesis process and also have minimum degradation of endogenous auxins
stored in the cuttings, as it was found that light cause degradation of the pre - existing
auxins (Hartmann et al., 2011). Therefore, an optimum shade should be provided to
the cuttings. Lone et al. (2018) studied the effects of different sunlight percentages on
the growth of dragon fruit cuttings and recommended partial shading of 23% - 42%
for the better growth of roots and shoots. Sousa et al. (2021) reported that the cuttings
grown under 50 % shading showed better growth with higher plant height, root dry
mass, length of root and secondary cladodes. Fumuro (2015) observed that increased
light penetration enhanced root dry weight percentage in both old cladode and new
cladode. Raveh et al. (1998) reported that 30 % shade in Hylocereus polyrhizus and
60 % shade in Seleniferous megalanthus gave better growth and development.
However, no literatures are available on temperature of the media or the atmosphere
and the relative humidity of the atmosphere in which dragon fruit cuttings are to be

raised is found up to date.
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2.4 Biochemical factors associated with rooting process

The success of the rooting of cuttings is largely depended on some of

the biochemical changes in the cuttings.
2.4.1 Carbohydrate and nitrogen content

A certain amount of carbohydrate and nitrogen is required in the
cuttings for cell-division, cell differentiation and root primordia formation. It was
found that a comparatively higher amount of carbohydrate and a lower amount of
nitrogen is required in the cuttings for optimum shoot and root regeneration
(Hartmann et al., 2002). Weismann and Lavee (2011) studied the effect of
carbohydrate on rooting of cuttings. They concluded that a higher carbohydrate
content in the cuttings led to better rooting of the cuttings. Das et al. (1997) studied
the effect of auxins on rooting of cuttings. They reported rapid starch hydrolysis in
the cuttings treated with IBA and NAA and subsequently reduction of C: N ratio of
the cuttings. Rana (1996) studied the relation of carbohydrate, nitrogen and phenol
content of the cuttings with the rooting of the cuttings when treated with IBA 3000
ppm + NAA 3000 ppm. They reported a positive correlation with the carbohydrate
and phenol content and a negative correlation with the nitrogen content to the rooting

of cuttings.

Ghosh and Basu (1973) measured the carbohydrate content of IBA and
NAA treated cuttings from pre root emergence upto post root emergence. They
reported slight decrease in carbohydrate content upto root emergence whereas they

reported rapid decrease in carbohydrate content when the root initiation took place.
2.4.2 Chlorophyll content

A higher chlorophyll content in the cuttings enhances the rooting and
shooting process. It was found that auxins like IBA and NAA increases the
chlorophyll content in the cuttings. Deb et al. (2009) studied the effect of IBA on leaf
chlorophyll content of semi hardwood cuttings of lemon (Citrus limon). They
reported maximum chlorophyll content (45.41 mg / g) when treated with IBA 2500
ppm. Kaur et al. (2002) studied the effect of IBA on leaf chlorophyll content on the
stem cuttings of grapes. They reported increase in the leaf chlorophyll content when
treated with IBA.
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2.5 Survival of Cuttings

The propagated cuttings must show a high survival percentage in the
field. The survivality of the cuttings is reported to be enhanced by the IBA treatment.
Minz et al. (2021) and Dhruve (2017) reported 7000 ppm and 6000 ppm IBA solution
respectively to provide maximum survival percentage. Rahad et al. (2016) reported
highest survival percentage in cuttings with IBA 500 ppm + 100 % soil as rooting
media. Sugunakrishnan (2015), Shivaji et al. (2014), Abbas et al. (2013), Upadhyay
and Badyal (2007) and Abdullah and Al-Khateeb (2004) recorded highest survival in
cuttings when treated with IBA. Sugunakrishnan (2015) also reported the effects of

time of cutting on survival of cuttings.



CHAPTER Il
MATERIALS AND METHODS

A field experiment on “Standardisation of stem cutting technique of
Dragon Fruit (Hylocereus costaricensis Britton & Rose)” was conducted during 2020
and 2021 at the Experimental farm of Department of Horticulture, Assam Agricultural
University, Jorhat. The details of the methodologies followed, materials used and

analysis of various observations adopted in the investigation are described below.
3.1 Geographical location of the experimental site

The experimental site is located in the experimental farm of
Department of Horticulture, A.A.U., Jorhat which falls in the Upper Brahmaputra
Valley Agro Climatic Zone of Assam. The geographical coordinates of the location is
Latitude- 26°44’ N and Longitude- 94°12' E with an altitude of 87 m above mean sea

level.
3.2 Meteorological conditions

The climate of the experimental site is subtropical hot humid summer
followed by relatively dry and cold winter. Summer is experienced during May to
August and winter from December to January. Mild cold temperature is experienced
during September to November and February to April. The rainfall intensity reaches
its peak during monsoon which normally begins from the first week of June.
However, pre monsoon showers are received in the month of April and the rainy
season extends from April - October. The period between January to March
experiences scanty rain. The annual maximum temperature lies between 32° C —34°C
in July- August and the minimum temperature ranges from 9.9° C- 10.9° C in

December- January.

The meteorological parameters recorded at the meteorological
observatory of Assam Agricultural University during the entire period of the
investigation are furnished in Table 3.1 and Table 3,2 and graphically represented in
Fig.3.1 and Fig 3.2.



15

Table 3.1 Meteorological observations during the period of the experiment in

2020
Month Maximum Minimum Relative  Relative Rainfall Bright
Temperature Temperature Humidity Humidity (mm)  Sunshine
(°C) (°C) (%) at (%) at Hours
6:13a.m. 1:13 p.m. per day
January 22.6 9.8 99.4 63.5 1.0 441
February 24.9 12.0 97.1 59.3 0.4 4.54
March 28.8 15.9 93.1 61.0 0.2 5.8
April 29.1 17.6 93.1 66.0 3.6 4.79
May 29.8 21.0 92.0 72.1 7.6 4.15
June 315 24.3 95.1 78.1 13.7 3.8
July 315 25.0 96.5 80.9 11.9 1.86
Table 3.2 Meteorological observations during the period of the experiment in
2021
Month Maximum Minimum Relative  Relative Rainfall Bright
Temperature Temperature Humidity Humidity (mm)  Sunshine
(°C) (°C) (%) at (%) at Hours
6:13a.m. 1:13 p.m. per day
January 23.5 10.4 99.7 62.9 0.5 4.3
February 27.3 11.5 97.1 47.4 0.1 6.3
March 29.3 16.2 94.6 54.8 1.7 4.6
April 31.7 18.6 86.9 50.7 1.4 6.3
May 31.0 21.9 92.8 73.2 55 3.1
June 32.0 24.3 93.6 75.0 9.0 3.7

July 331 25.2 93.6 73.9 5.5 4.4
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Fig. 3.1 Graphical representation of meteorological observations during the
period of the experiment in 2020
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Fig. 3.2 Graphical representation of meteorological observations during the
period of the experiment in 2021



17

The data pertaining to the temperature, relative humidity and sun light
intensity inside the shade net house during the entire period of the investigation are
furnished in Table 3.3 and Table 3.4 and graphically represented in Fig3.3 and Fig.3.4

Table 3.3 Meteorological data inside the shade net house during the period of
the experimentation in 2020

Month Maximum Minimum Relative  Relative Sunlight Sunlight
Temperature Temperature Humidity Humidity intensity intensity

(°C) (°C) (%) at (%) at inside outside
6:13a.m. 1:13p.m. shadenet shadenet

house house

(lux) (lux)

January 21.7 8.5 99.6 66.7 753.9 1617.2
February 24.0 10.7 97.3 62.5 762.79  1627.41
March 27.9 14.6 93.3 64.2 792.8 1641.82
April 28.2 16.3 93.3 69.2 836.31 1728.9
May 28.9 19.7 92.2 75.3 809.1 1743.17
June 30.6 23.0 95.3 81.3 91471  1812.83
July 30.6 23.7 96.7 84.1 954.62 1827.4

Table 3.4 Meteorological data inside the shade net house during the period of
the experimentation in 2021

Month Maximum Minimum Relative  Relative Sunlight Sunlight
Temperature Temperature Humidity Humidity intensity intensity
(°C) (°C) (%) at (%) at inside outside

6:13a.m. 1:13 p.m. shadenet shadenet
house house

(lux) (lux)
January 22.8 9.3 99.8 66.2 741.62 1652.9
February 26.6 10.4 97.2 50.7 817.31 1641.74
March 28.6 15.1 94.7 58.1 836.18  1639.52
April 31.0 17.5 87.0 54.0 862.3 1728.7
May 30.3 20.8 92.9 76.5 879.8 1764.72
June 31.3 23.2 93.7 78.3 918.32  1832.38

July 32.4 24.1 93.7 77.2 927.1 1873.91
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Fig.3.3 Graphical representation of meteorological observations inside the
shade net house during the period of the experiment in 2020
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Fig.3.4 Graphical representation of meteorological observations inside the
shade net house during the period of the experiment in 2021
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3.3 Design and layout of the experiment

The experiment was laid out in a three factorial Completely
Randomised Design. There was total twenty-four treatment combinations with three
replications. A total of twenty stem cuttings were taken in each treatment

combinations. The total experimental area was 100 m?.
3.4 Treatment details

First factor: Time of cutting

Month Notation
January M
April M2

Second factor: Size of cuttings

Length of cuttings  Notation

10 cm L1
15cm Lo
20 cm L3

Third factor: Concentration of IBA

IBA concentration Notation

100 ppm l1
250 ppm I2
500 ppm I3

0 ppm l4



Table 3.5 Treatment combinations

Combinations Notations
MiL1ls T1
MLl T2
MiLils T3
MiL1ls Ta
MiLoals Ts
MLzl Ts
MiLols Tz
MiLoal4 Ts
MiLsls Ty
MiLsl> To
MilLsls T
MiLzsl4 T12
MiL1l1 Tas
MaLl, Taa
MaL1l3 Tis
MaL1l4 Tie
MaL2ly Tz
MaLol2 Tis
Mzl Tig
MaLols T20
MaLsly T2
MaLsl2 T22
MaLsls Tos
M2Lzsl4 T2

20
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Fig. 3.5 Layout of the experimental plot
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3.5 Planting materials

One year old stems having 4-5 nodes each were collected from the
healthy mother plants of the five-year-old dragon fruit plantation of Krishi Vigyan
Kendra (KVK), Jorhat during the months of January and April. The species selected
for the study was Hylocereus costaricensis Britton & Rose. It bears red coloured
fruits with ovoid shape and reddish flesh. The stems were then sized to the desired
lengths of 10 cm, 15 cm and 20 cm respectively. A slant cut was given at the basal
portion of each of the cuttings to increase the maximum absorbing surface for
effective rooting. The cuttings were then dipped in 0.1 % Carbendazim WP solution
for half hour. After that the cuttings were shade dried for one day prior to planting to
dry the ooze coming out of the fresh cuttings. The basal portion of the cuttings were
treated with Indole-3-Butyric Acid of specific concentrations (100 ppm, 250 ppm,
500 ppm and 0 ppm) as per the treatments prior to planting.

3.6 Preparation of Indole-3-Butyric Acid solution

The plant growth regulator used during the study was Indole-3-Butyric
acid (C12H13NO») with four different concentrations of 100 ppm, 250 ppm, 500 ppm
and 0 ppm. To prepare 100 ppm, 250 ppm and 500 ppm IBA solution, 0.1 g, 0.25 ¢
and 0.5 g of IBA were weighed, respectively and then the chemicals were dissolved
separately in small quantity of ethanol (95% concentration) and volume was made up

to 1 litre by adding distilled water.
3.7 Rooting Media

Farm Yard Manure (FYM), sand and soil were mixed in 1: 2: 1 ratio
and filled in black polybags of 20 cm x 22 cm size. After that the mixture was
drenched with 0.3 % Captan WP solution as a prophylactic measure to kill the fungal
spores present in the mixture. The pH of the rooting mixture was 6.2 and contained
0.86 % organic carbon and 287 kg/ha nitrogen.

Organic carbon was analysed by Wet digestion method (Piper, 1966),
available Nitrogen by Kjeldahl’s method (Jackson, 1973) and pH by Control

Dynamic pH meter.
3.8 Planting of cuttings

The basal portion of the cuttings were dipped in IBA solutions of

specific concentrations for 10 minutes each and allowed to dry under shade for 15
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minutes. After that the cuttings were planted in the polybags containing the rooting
media. The treated cuttings were inserted into the soil to about 5 cm depth. Holes
were made before to prevent damage to the basal end of the cuttings during planting
of the cuttings. The base of the cuttings were pressed firmly to avoid air pockets. The
cuttings were planted in a slightly slanting position. After planting the polybags were
watered with a rose can. The planted cuttings in polybags were kept in shade net

house providing 50 % shading.
3.9 After care

Watering was done on alternate days, so as to maintain sufficient
moisture in the rooting media. Weeds were pulled out carefully without disturbing the
cuttings whenever necessary. The planted cuttings were treated with 0.1 %
carbendazim WP solution at fortnightly intervals to check the disease incidence. The
cuttings were also treated with chlorpyriphos 20 % EC at the rate of 3 ml / litre water

to control the hairy caterpillar, ants and other insect pest as and when required.
3.10 Observations recorded
3.10. 1 Root parameters

Five cuttings were selected randomly along with the polybags. The
cuttings were uprooted and the soil adhered to the roots were removed gently by
dipping it in a tub of water. After that the roots were collected in a clean container

and the following parameters were observed:
3.10.1.1 Days required for root formation

The planted cuttings under each treatment were observed at five days
intervals and the number of days required for root formation was recorded. After that

the mean days required for root formation was calculated and expressed in numbers.
3.10.1.2 Number of roots

The number of adventitious roots per cutting were counted at 40 and
60 days after planting under each treatment and their mean were calculated and
expressed in numbers. However, this excludes the lateral roots present on the

adventitious roots.
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3.10.1.3 Length of the longest root (cm)

The length of the longest root per cutting under each treatment were
measured from the point of initiation to the growing tip using a graduated scale at 40
and 60 days after planting. After that the mean length was calculated and expressed in

centimetres (cm).
3.10.1.4 Root length (cm)

The length of the adventitious roots per cutting under each treatment
were measured at 40 and 60 days after planting from the point of initiation to the
growing tip using a graduated scale. After that the mean length was calculated and

expressed in centimetres (cm).
3.10.1.5 Diameter of the longest root (mm)

The diameter of the longest root per cutting under each treatment was
measured at 40 and 60 days after planting using a micrometer at three positions of the
root (near the base, at the centre and near the tip) and their mean was calculated and

expressed in millimetres (mm).
3.10.1.6 Fresh weight of the roots (g)

The roots were separated from the sampled cuttings and the fresh
weight was measured at 40 and 60 days after planting using an electric balance and

the mean weight was calculated and expressed in grams (Q).
3.10.1.7 Dry weight of the roots (g)

After measuring the fresh weight, the same root samples were dried at
85°C in the oven until constant weight was obtained. After that the weight was
measured using an electric balance and the mean weight was calculated and expressed

in grams ().
3.10.1.8 Percentage of rooted cuttings

The percentage of rooted cuttings were calculated at 40 and 60 days
after planting of the cuttings. It was calculated by taking the ratio of number of
cuttings rooted to the number of cuttings planted and multiplied the ratio with 100
and expressed in percentage (%). This parameter was calculated using the following

formula;
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Percentage of rooted cuttings= (Number of cuttings rooted/Number of

cuttings planted) x 100
3.10.2 Shoot parameters
3.10.2.1 Days required for shoot initiation

The planted cuttings under each treatment were observed daily and the
number of days required for the shoot initiation was recorded and their mean was

calculated and expressed in numbers.
3.10.2.2 Number of shoots per cutting

Five cuttings were randomly selected at 40 and 60 days after planting
for each treatment. The number of shoots per cutting were recorded. There mean was

calculated and expressed in numbers.
3.10.2.3 Length of primary shoots (cm)

Five cuttings were randomly selected at 40 and 60 days after planting
for each treatment. The length of the primary shoots was measured using a graduated

scale. Their mean was calculated and expressed in centimetres (cm).
3.10.2.4 Length of secondary shoots (cm)

Five cuttings were randomly selected at 40 and 60 days after planting
for each treatment. The length of the secondary shoots was measured using a

graduated scale. Their mean was calculated and expressed in centimetres (cm).
3.10.2.5 Fresh weight of shoot (g)

Five cuttings were randomly selected at 40 and 60 days after planting
for each treatment. The shoots were separated from the sampled cuttings and the fresh
weight was recorded using an electric balance. After that their mean was calculated

and expressed in grams (g).
3.10.2.6 Dry weight of shoot (g)

After recording the fresh weight of the shoots, the same samples were
dried in oven at 85 ° C until constant weight was obtained. After that the weight was
measured using an electric balance and the mean weight was calculated and expressed

in grams ().
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3.10.2.7 Root to shoot ratio

The root to shoot ratio was calculated at 40 and 60 days after planting
by dividing the root dry weight by shoot dry weight. The mean of their results was
calculated and expressed in numbers. The parameter was calculated using the

following formula:
Root to shoot ratio = Root dry weight/ Shoot dry weight
3.10.2.8 Nitrogen content in shoot (%0)

The nitrogen content was estimated at 40 and 60 days after planting for
each treatment. It was estimated by Kjeldahl method (Thimmaiah, 1999) using the
following formula:

(ml HCL in sample) - (m] HCL in blank) x normality of acid x 14.01 x 100
Weight of sample (mg)

Nitrogen % =

3.10.2.9 Protein content in shoot (%0)

The protein content in shoot was estimated at 40 and 60 days after
planting for each treatment. Protein content was estimated using the following
formula (Thimmaiah, 1999):

Protein % = Nitrogen % X 6.25
3.10.2.10 Total chlorophyll content in the shoot (mg/ g)

The total chlorophyll content was estimated at 40 and 60 days after
planting for each treatment. It was determined using acetone method as suggested by
Thimmaiah, 1999. Fresh and fully matured stems of each treatment were collected in
a polythene bag at 40 and 60 days after planting and cut into small pieces. After that
0.2 g of the sample were taken and crushed with mortar pestle along with few sand
particles. Then few millilitres of 80 % acetone was mixed with the crushed sample
and filtered with filter paper. This process was repeated until the colour of the
crushed sample becomes colourless. After that the volume was made up to 25 ml in
volumetric flask. At last the absorbance was recorded in spectrophotometer at 645 nm

and 663 nm wavelengths by taking 80 % acetone solution as blank.
The total chlorophyll content was calculated using the following formula:
Total chlorophyll content (mg/ g) = 20.2 (Aess) + 8.02 (Assz) X V/ (1000 x W)

Where, A = Absorbance at specific wavelengths
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V = Final volume of chlorophyll extract in 80 % acetone
W = Fresh weight of the tissue extracted
3.10.2.11 Vascular cambium thickness (mm)

The vascular cambium thickness was measured at 40 and 60 days after
planting for each treatment. Fresh shoots of each treatment were collected and slides
were prepared by taking fine cross sections of the shoots. Vascular cambium
thickness was measured using ocular and stage micrometers. At first the ocular
micrometer was calibrated with the stage micrometer. After that the slides were
observed under microscope using ocular micrometer in the eye piece and the

thickness was expressed in millimetres (mm) (Johanson, 1940).
3.10.3 Survival of the saplings (%0)

The survival of the saplings was calculated at 60 days after planting

using the formula:
Survival (%) = Number of cuttings survived/Number of cuttings planted x 100
3.10.4 Individual treatment combination cost

The total cost of production per sapling was calculated by adding the

costs of the requisite components.
3.11 Statistical Analysis of the Data

All the experimental data were analysed statistically. Observations
made from the field experimentation were subjected to analysis of variance. The data
generated during the experiment were statistically analysed using Factorial
Completely Randomised Design (CRD). Significance and non-significance of
variance were determined by calculating the respective ‘F’ values (Panse and
Sukhatme, 1985). Critical differences (CD) at 5% probability level were calculated

only when ‘F’ value was significant.

EMS
*

T

Standard Error of difference (S.Ed.) = |2

Where,
Ems is the error mean square and ‘r’ is the number of replications

Critical difference (CD) = SEd X' t'5%; value for error d.f.



CHAPTER IV
EXPERIMENTAL FINDINGS

The study on some of the physico-chemical characters of the roots and
the shoots of dragon fruit saplings were carried out to obtain a better understanding of
the factors affecting the growth and quality of dragon fruit saplings raised from
cuttings. The experimental findings were recorded, statistically analyzed and

presented under different headings in this chapter.
4.1 Root parameters
4.1.1 Days required for root formation

Perusal of pooled data presented in Table 4.1 and Fig.4.1 revealed that
there was significant effect of time and size of cutting and IBA concentration on days
required for root formation. Early root formation was recorded in the cuttings taken in
April (18.09 days). The cuttings of 20 cm size recorded early root formation (18.46
days) whereas late root formation was found in cuttings of 10 cm size (22 days). The
IBA concentration of 500 ppm led to early root formation (15.06 days) whereas the

non-treated cuttings recorded late root formation (25.89 days).

There was significant interaction effect among different treatment
combinations on days required for root formation (Table 4.2, Fig 4.2). Earliest root
formation was obtained in T23 (14 days) whereas root formation was delayed in T4 (28
days). However, the effects of treatment combinations viz., T22, T1, T1s, T1s, T11, T10

and T7 were statistically at par with the T3 treatment combination.
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Table 4.1 Effect of time and size of cutting and IBA concentration on days
required for root formation

Treatment Days required for root formation

2020 2021 Pooled

Time of cutting

M - January 20.69 20.77 20.73
M: - April 18.1 18.08 18.09
SEd (+) 1.11 1.1 1.11
CD (5%) 2.22 2.2 2.21

Size of cutting

L1-10 cm 22.33 21.67 22

Lo-15cm 21.32 21.34 21.33
Ls- 20 cm 18.79 18.13 18.46
SEd (+) 1.36 1.35 1.36
CD (5%) 2.74 2.72 2.73

IBA concentration

l; - 100 ppm 22.06 21.39 21.72
l2- 250 ppm 18.25 18.27 18.26
I3 - 500 ppm 15.39 14.72 15.06
l4- 0 ppm 26.22 25.56 25.89
SEd () 157 1.56 1.57

CD (5%) 3.16 3.14 3.15
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Table 4.2 Interaction effect of time and size of cutting and IBA concentration on
days required for root formation

Days required for root formation

Treatment
Combination 2020 2021 Pooled
T1 (M1L1ly) 23.33 22.67 23
T2 (M1L1l2) 21.67 21 21.33
T3 (M1L1l3) 18.33 17.67 18
Ta(MiLals) 28.33 27.67 28
Ts (M1L2ly) 20 19.33 19.67
Te (M1L2l2) 18.33 17.67 18
T7 (M1La2ls) 16.67 16 16.33
Tg (M1L2ls) 26.67 26 26.33
To (M1Lsly) 21.67 21 21.33
T10 (M1L3l2) 16.67 16 16.33
T11 (M1L3l3) 15 14.33 14.67
T12 (M1Lsls) 21.67 21 21.33
T13 (M2L1l1) 23 22.33 22.67
T1a (MoLal) 19.67 19 19.33
T15 (MaL1l3) 18 17.33 17.67
T16 (M2L1l4) 26.33 25.67 26
T17 (M2L2ly) 23 22.33 22.67
T1s (M2L2l2) 18 17.33 17.67
T19 (M2L2l5) 16.67 15.99 16.33
T2 (M2L2l4) 28 27.33 27.67
To1 (M2Lsly) 21.33 20.67 21
T22 (M2Lsly) 16.33 15.67 16
T2z (M2Lsls) 14.33 13.67 14
T24 (MaLsls) 26.33 25.67 26
SEd (+) 3.84 3.82 3.83

CD (5%) 7.74 7.68 7.71
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4.1.2 Number of roots

The data presented in Table 4.3 and Fig. 4.3 revealed that there was
significant effect of time and size of cutting and IBA concentration on number of
roots at both 40 DAP and 60 DAP. Pooled data indicated that highest root number
was recorded in the cuttings of April (10.79 at 40 DAPS; 12.79 at 60 DAP). Highest
root number (12.81 at 40 DAPS; 14.81 at 60 DAP) was recorded in cuttings of 20 cm
size whereas lowest root number (7.25 at 40 DAPS; 9.25 at 60 DAP) was recorded in
cuttings of 10 cm size. The effect of 15 cm size of cutting was statistically at par with
the 20 cm size of cuttings at both 40 DAP and 60 DAP. IBA concentration of 250
ppm recorded highest root numbers (13.97 at 40 DAPS; 15.97 at 60 DAP) whereas the
control treatment recorded lowest root numbers (5.82 at 40 DAP; 7.82 at 60 DAP).
There were no significant differences between 500 ppm and 250 ppm IBA
concentration on number of roots at both 40 DAP and 60 DAP.

The interaction effect of time and size of cutting and IBA
concentration on number of roots were found significant during both the years (Table
4.4 and Fig. 4.4). Pooled analysis data exhibited that highest root number (18.84 at 40
DAP ; 20.83 at 60 DAP) was recorded in T2> whereas lowest number of roots (3.63 at
40 DAP ; 5.63 at 60 DAP) were recorded in Ta. The effects of treatment combinations

Viz., To1, To3, T1s, T17, T10 and Te were found statistically at par with Ta.
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Table 4.3 Effect of time and size of cutting and IBA concentration on root

number
Root number

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled
Time of cutting
M - January 7.51 9.19 8.35 10.07 10.78 10.43
M - April 10.21 11.37 10.79 12.54 13.03 12.79
SEd (+) 1.28 1.05 1.17 1.19 1.06 1.13
CD (5%) 2.57 211 2.34 2.39 2.14 2.27
Size of cutting
L:-10cm 6.62 7.88 7.25 8.95 9.54 9.25
L, -15cm 10.13 10.84 10.49 12.46 12,51 12.48
Ls-20cm 12.15 13.47 12.81 14.48 15.13 14.81
SEd (+) 1.57 1.28 1.43 1.46 1.3 1.38
CD (5%) 3.16 2.58 2.87 2.94 2.63 2.79
IBA concentration
l; - 100 ppm 9.36 10.29 9.82 11.69 11.96 11.82
I2 - 250 ppm 13.58 14.37 13.97 15.91 16.03 15.97
I3- 500 ppm 10.21 12 11.11 12.54 13.67 13.11
l4- 0 ppm 5.38 6.26 5.82 7.71 7.92 7.82
SEd (1) 1.81 1.48 1.65 1.68 1.51 1.6
CD (5%) 3.65 2.98 3.32 3.39 3.03 3.21

*DAP - Days after planting
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Table 4.4 Interaction effect of time and size of cutting and IBA concentration on
root number

Root number

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 4.2 5.27 4.73 6.53 6.93 6.73
T2 (M1L1l2) 8.33 8.87 8.6 10.67 10.53 10.6
T3 (M1L1lg) 9 10.8 9.9 11.33 12.47 11.9
Ta(MiLila) 2.93 4.33 3.63 5.27 6 5.63
Ts (Mi1lzly) 11.2 11.6 11.4 13.53 13.27 13.4
Te (MiLalp) 14.2 14.27 14.23 16.53 15.93 16.23
T7 (M1L2l3) 9.47 10.33 9.9 11.8 12 11.9
Ts (M1l2ls) 3.53 4.6 4.07 5.87 6.27 6.07
To (M1Lsl1) 10.87 12.2 11.53 13.2 13.87 13.53
T10 (M1L3l2) 16.8 18 17.4 19.13 19.67 19.4
T11 (M1L3l3) 10.33 12.73 11.53 12.67 14.4 13.53
T12 (M1Lsls) 7.8 8.07 7.93 10.13 9.73 9.93
T13 (M2L1l1) 5.2 5.87 5.54 7.53 7.53 7.53
T1a (M2L1l2) 9.33 9.93 9.63 11.67 11.6 11.63
T1s (M2L1ls3) 10 12.27 11.13 12.33 13.93 13.13
T16 (M2L1l4) 3.93 5.67 4.8 6.27 7.33 6.8
T17 (M2L2ly) 12.2 13.2 12.7 14.53 14.87 14.7
T1g (M2L2l2) 14.53 15.73 15.13 16.87 17.4 17.13
T19 (M2L2ls) 10.87 11.47 11.17 13.2 13.13 13.17
T20 (M2L2l4) 5 5.53 5.27 7.33 7.2 1.27
T21 (M2Lsl) 12.47 13.6 13.03 14.8 15.27 15.03
T22 (M2Lsl) 18.27 19.4 18.84 20.6 21.07 20.83
T23 (M2Lsls) 11.6 14.4 13 13.93 16.07 15
T24 (M2Lslsg) 9.07 9.33 9.2 11.4 11 11.2
SEd (1) 4.44 3.63 4.04 4.13 3.69 3.91
CD (5%) 8.88 7.31 8.1 8.3 7.43 7.87

*DAP — Days after planting
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4.1.3 Length of longest root (cm)

The time and size of cutting and IBA concentration had significant
effect on the length of the longest root at both 40 DAP and 60 DAP (Table 4.5 and
Fig. 4.5). The pooled data revealed that the cuttings taken in April recorded the
longest root (11.94 cm at 40 DAP; 14.94 cm at 60 DAP. Longest root (14.37 cm at 40
DAP; 17.37 cm at 60 DAP) was achieved in cuttings of 20 cm size whereas the lowest
length of the longest root (8.15 cm at 40 DAP; 11.15 cm at 60 DAP) was recorded in
cuttings of 10 cm size. However, there was no remarkable variation among the 20 cm
and 15 cm size of cutting with respect to the length of the longest root. The IBA
concentration of 500 ppm recorded the longest root (14 cm at 40 DAP; 17 cm at 60
DAP) whereas the control treatment recorded the shortest length (7.82 cm at 40 DAP;
10.82 cm at 60 DAP) of the longest root. The pooled analysis data revealed that there
was no significant difference in length of the longest root between the 250 ppm and
500 ppm IBA concentration at both 40 DAP and 60 DAP.

The data pertaining to the interaction effect of time and size of cutting
and IBA concentration on the length of the longest root as depicted in Table 4.6 and
Fig. 4.6 showed that there was significant interaction effect of the different treatment
combinations. Longest root (16.28 cm at 40 DAP ; 19.28 cm at 60 DAP) was recorded
in To2 whereas shortest length (4.92 cm at 40 DAP ; 7.92 cm at 60 DAP) of the
longest root was recorded in T4. The pooled analysis data revealed that the effects of
the treatment combinations viz., T2z, T21, T10, T11, T10, T9and Te were statistically at
par with Toz.
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Table 4.5 Effect of time and size of cutting and IBA concentration on length of
the longest root (cm)

Length of the longest root (cm)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M - January 9.23 10.29 9.76 12.76 13.1 12.93
Mz - April 11.43 12.46 11.94 14.76 15.13 14.94
SEd (+) 0.99 0.92 0.96 0.91 0.9 0.91
CD (5%) 1.98 1.84 1.92 1.82 1.8 1.82

Size of cutting

L1-10cm 7.63 8.67 8.15 10.97 11.33 11.15
L2-15cm 12.15 13.18 12.67 15.48 15.85 15.67
Ls-20cm 13.85 14.88 14.37 17.18 17.55 17.37
SEd () 1.21 1.12 1.17 1.12 11 1.12
CD (5%) 2.43 2.26 2.35 2.26 2.22 2.24

IBA concentration

I1- 100 ppm 10.13 11.15 10.64 14.01 14.03 14.02
I2 - 250 ppm 13.13 14.16 13.64 16.46 16.83 16.65
13- 500 ppm 13.48 14.52 14 16.82 17.18 17

l4- 0 ppm 7.31 8.34 7.82 10.64 11.01 10.82
SEd (+) 1.4 1.3 1.35 1.29 1.27 1.28
CD (5%) 2.81 2.61 2.71 2.6 2.56 2.58

*DAP - Days after planting
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Table 4.6 Interaction effect of time and size of cutting and IBA concentration on
length of the longest root (cm)

Length of the longest root (cm)

Treatment
. 40 DAP 60 DAP
Combination

2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal4) 5.6 6.63 6.12 8.93 9.3 9.12
T2 (M1L1l2) 8.2 9.23 8.72 11.53 11.9 11.72
T3z (M1L1l3) 11.47 12.5 11.98 14.8 15.17 14.98
T4 (M1L1ls) 4.4 5.43 4.92 7.73 8.1 7.92

Ts (M1Lol1) 12.2 13.23 12.72 15.53 15.9 15.72
To (Mi1Lol2) 15.2 16.23 15.72 18.53 18.9 18.72
T7 (MyLals) 14 15.03 14.52 17.33 17.7 17.52
Ts (M1Lols) 6.33 7.37 6.85 9.67 10.03 9.85
To(Milsly) 1433 1537 14.85 1767 1803  17.85
Tio(Milsl;) 1533 16.37 15.85 1867 1903  18.85
Tu (Milsls) 1433 1537 14.85 1767 1803  17.85
Ti2(Milsl) 1053 1157 11.05 1387 1423  14.05

T13 (M2L1l1) 6.03 7.07 6.55 9.37 9.73 9.55
T14 (M2L1l2) 8.63 9.67 9.15 11.97 12.33 12.15
T1s (M2L1l3) 11.9 12.93 12.42 15.23 15.6 15.42
T16 (M2L1ls) 4.83 5.87 5.35 8.17 8.53 8.35

Ti7 (MoLol)) 1263 13.67 13.15 1597 1633  16.15
Tis (Molol) 1563 16.67 16.15 1897  19.33  19.15
Tio (Maolols) 1443 1547 14.95 1777 1813  17.95

T20 (M2L2l4) 6.77 7.8 7.28 10.1 10.47 10.28
T21 (M2Lsl1) 14.77 15.8 15.28 18.1 18.47 18.28
T22 (M2Lsl2) 15.77 16.8 16.28 191 19.47 19.28
T23 (M2Lsls) 14.77 15.8 15.28 18.1 18.47 18.28
T24 (M2Lsls) 10.97 12 11.48 14.3 14.67 14.48

SEd (#) 3.42 3.17 3.3 3.17 3.12 3.15

CD (5%) 6.89 6.39 6.64 6.38 6.28 6.33

*DAP — Days after planting
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4.1.4 Root Length (cm)

The pooled data depicted in Table 4.7 and Fig. 4.7 revealed that there
was significant effect of time and size of cutting and IBA concentration at both 40
DAP and 60 DAP. Highest root length (10.79 cm at 40 DAP; 12.79 cm at 60 DAP)
was recorded in the cuttings of April. The pooled analysis data revealed that highest
root length (12.81 cm at 40 DAP; 14.81 cm at 60 DAP) was obtained in cuttings of 20
cm size whereas lowest root length (7.25 cm at 40 DAP; 9.25 cm at 60 DAP) was
recorded in cuttings of 10 cm size. Moreover, the 20 cm and 15 cm sizes of cuttings
were statistically at par with respect to the root length. The IBA concentration of 250
ppm recorded the highest root length (13.97 cm at 40 DAP; 15.97 cm at 60 DAP)
whereas the control treatment recorded the lowest root length (5.82 cm at 40 DAP;
7.82 cm at 60 DAP). There was no significant variation of root length between the

500 ppm and 250 ppm IBA treated cuttings.

The data presented on the interaction effect of time and size of cutting
and IBA concentration revealed that there was significant variation of root length
among the different treatment combinations (Table 4.8, Fig. 4.8). Highest root length
(18.83 cm at 40 DAP; 20.83 cm at 60 DAP) was recorded in T2 whereas lowest root
length (3.63 cm at 40 DAP; 5.63 cm at 60 DAP) was recorded in T4. The pooled
analysis data revealed that the effects of the treatment combinations viz., T2z, T21, T1s,

Ti7, T1s, T11, T1o, Te and Ts were statistically at par with Tao.
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Table 4.7 Effect of time and size of cutting and IBA concentration on root length
(cm)

Root length (cm)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

Mi-January  7.57 9.17 8.58 10.06  10.28 10.17
M2 - April 10.21 11.37 10.79 1254  13.03 12.79
SEd (+) 1.28 1.05 1.09 1.19 1.06 1.16
CD (5%) 2.57 2.11 2.15 2.39 2.14 2.27

Size of cutting

L1-10cm 6.62 7.88 7.25 8.95 9.54 9.25
L2-15cm 10.13 10.84 10.48 12.46 12.51 12.49
Ls-20cm 12.15 13.47 12.81 14.48 15.13 14.81
SEd () 1.57 1.28 1.33 1.46 1.3 1.38
CD (5%) 3.16 2.58 2.64 2.94 2.63 2.79

IBA concentration

l,-100 ppm  9.36 10.29 9.83 1169  11.96  11.83
l2-250 ppm  13.58 14.37 13.97 1591 1603 1597
l3-500 ppm  10.21 12 11.11 1254 1367  13.11
l4- 0 ppm 5.38 6.26 5.82 7.71 7.92 7.82
SEd (+) 1.81 1.48 1.65 1.68 1.51 1.56
CD (5%) 3.65 2.98 3.32 3.39 3.03 3.21

*DAP - Days after planting
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Table 4.8 Interaction effect of time and size of cutting and IBA concentration on
root length (cm)

Root length (cm)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 4.2 5.27 4.73 6.53 6.93 6.73
T2 (M1L1l2) 8.33 8.87 8.6 10.67 10.53 10.6
T3 (M1L1lg) 9 10.8 9.9 11.33 12.47 11.9
Ta(MiLila) 2.93 4.33 3.63 5.27 6 5.63
Ts (Mi1lzly) 11.2 11.6 11.4 13.53 13.27 13.4
Te (MiLalp) 14.2 14.27 14.23 16.53 15.93 16.23
T7 (M1L2l3) 9.47 10.33 9.9 11.8 12 11.9
Ts (M1l2ls) 3.53 4.6 4.07 5.87 6.27 6.07
To (M1Lsl1) 10.87 12.2 11.53 13.2 13.87 13.53
T10 (M1L3l2) 16.8 18 17.4 19.13 19.67 19.4
T11 (M1L3l3) 10.33 12.73 11.53 12.67 14.4 13.53
T12 (M1Lsls) 7.8 8.07 7.93 10.13 9.73 9.93
T13 (M2L1l1) 5.2 5.87 5.53 7.53 7.53 7.53
T1a (M2L1l2) 9.33 9.93 9.63 11.67 11.6 11.63
T1s (M2L1ls3) 10 12.27 11.13 12.33 13.93 13.13
T16 (M2L1l4) 3.93 5.67 4.8 6.27 7.33 6.8
T17 (M2L2ly) 12.2 13.2 12.7 14.53 14.87 14.7
T1g (M2L2l2) 14.53 15.73 15.13 16.87 17.4 17.13
T19 (M2L2ls) 10.87 11.47 11.17 13.2 13.13 13.17
T20 (M2L2l4) 5 5.53 5.27 7.33 7.2 1.27
T21 (M2Lsl) 12.47 13.6 13.03 14.8 15.27 15.03
T22 (M2Lsl) 18.27 19.4 18.83 20.6 21.07 20.83
T23 (M2Lsls) 11.6 14.4 13 13.93 16.07 15
T24 (M2Lslsg) 9.07 9.33 9.2 11.4 11 11.2
SEd (1) 4.44 3.63 3.76 4.13 3.38 3.56
CD (5%) 8.94 7.31 7.45 8.3 6.76 7.53

*DAP — Days after planting
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4.1.5 Diameter of the longest root (mm)

The effect of time and size of cutting and IBA concentration was
pronounced in changes of diameter of the longest root (Table 4.9, Fig. 4.9). The
diameter of the longest root was highest (0.52 mm at 40 DAP; 0.77 mm at 60 DAP) in
the cuttings taken in April. The pooled analysis data revealed that the diameter of the
longest root increased with the increase in size of the cuttings and recorded the
highest (0.62 mm at 40 DAP; 0.87 mm at 60 DAP) in cuttings of 20 cm size whereas
lowest diameter (0.4 mm at 40 DAP ; 0.65 mm at 60 DAP) was recorded in cuttings
of 10 cm size. The 250 ppm IBA treated cuttings recorded the highest diameter (0.66
mm at 40 DAP; 0.91 mm at 60 DAP) of the longest root whereas the non-treated
cuttings recorded the lowest diameter (0.29 mm at 40 DAP; 0.54 mm at 60 DAP).

Perusal of pooled data presented in Table 4.10 and Fig. 4.10 revealed
that there was significant interaction effect of the different treatment combinations on
the diameter of the longest root. The highest diameter (0.78 mm at 40 DAP; 1.04 mm
at 60 DAP) of the longest root was obtained in T22 whereas lowest diameter (0.23 mm
at 40 DAP; 0.48 mm at 60 DAP) was recorded in T4. The effects of the treatment

combinations viz., T3, T11and Tiowere statistically at par with To».
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Table 4.9 Effect of time and size of cutting and IBA concentration on diameter
of the longest root (mm)

Diameter of the longest root (mm)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M; - January 0.41 0.43 0.42 0.63 0.65 0.64
M - April 0.51 0.54 0.52 0.77 0.78 0.77
SEd (1) 0.02 0.02 0.02 0.02 0.02 0.02
CD (5%) 0.04 0.05 0.04 0.05 0.04 0.04

Size of cutting

L:-10 cm 0.39 0.41 0.4 0.64 0.66 0.65
L - 15 cm 0.52 0.54 0.53 0.78 0.79 0.78
Ls - 20 cm 0.61 0.63 0.62 0.86 0.88 0.87
SEd (+) 0.02 0.02 0.02 0.02 0.02 0.02
CD (5%) 0.05 0.05 0.04 0.05 0.04 0.04

IBA concentration

l;-100 ppm 051 0.53 0.52 0.77 0.79 0.78
- 250 ppm  0.65 0.67 0.66 0.9 0.92 0.91
l3-500 ppm  0.58 0.6 0.59 0.83 0.85 0.84
l4- 0 ppm 0.28 0.31 0.29 0.54 0.55 0.54
SEd (+) 0.03 0.03 0.02 0.03 0.03 0.02
CD (5%) 0.05 0.05 0.05 0.05 0.05 0.05

*DAP - Days after planting
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Table 4.10 Interaction effect of time and size of cutting and IBA concentration
on diameter of the longest root (mm)

Diameter of the longest root (mm)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 0.33 0.35 0.34 0.59 0.6 0.59
T2 (M1L1l2) 0.52 0.54 0.53 0.78 0.79 0.78
T3 (MiLals) 0.44 0.47 0.46 0.7 0.72 0.71
T4 (MiLils) 0.21 0.24 0.23 0.47 0.49 0.48
Ts (MiL2ly) 0.54 0.58 0.56 0.8 0.83 0.81
Te (M1L2l2) 0.64 0.66 0.65 0.9 0.91 0.9
T7 (M1L2l3) 0.56 0.58 0.57 0.82 0.83 0.82
Ts (M1l2ls) 0.3 0.32 0.31 0.56 0.57 0.56
To (M1Lsl1) 0.64 0.66 0.65 0.9 0.91 0.9
T10 (M1Lsl2) 0.75 0.78 0.77 1.01 1.03 1.02
T1u1 (M1Lsls) 0.7 0.73 0.72 0.96 0.98 0.97
T12 (M1Lslg) 0.3 0.33 0.32 0.56 0.58 0.57
T13 (M2L1l1) 0.34 0.37 0.36 0.6 0.62 0.61
T1a (M2L1l2) 0.53 0.56 0.55 0.79 0.81 0.8
T1s (M2L1l3) 0.47 0.48 0.47 0.72 0.73 0.73
T16 (M2L1l4) 0.23 0.25 0.24 0.49 0.5 0.49
T17 (M2L2ly) 0.56 0.59 0.58 0.82 0.84 0.83
T1g (M2L2l2) 0.66 0.67 0.67 0.92 0.92 0.92
T19 (M2L2l3) 0.57 0.6 0.59 0.83 0.85 0.84
T20 (M2L2l4) 0.31 0.34 0.33 0.57 0.59 0.58
T21 (M2Lsl1) 0.64 0.68 0.66 0.9 0.93 0.91
T22 (M2Lsly) 0.77 0.8 0.78 1.03 1.05 1.04
T23 (M2Lsls) 0.72 0.74 0.73 0.98 0.99 0.98
T24 (M2Lsls) 0.32 0.35 0.33 0.58 0.6 0.59
SEd (1) 0.05 0.06 0.06 0.05 0.06 0.06
CD (5%) 0.11 0.13 0.12 0.11 0.13 0.12

*DAP — Days after planting
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4.1.6 Fresh weight of root (g)

The time and size of cutting and IBA concentration had profound
effect on the root fresh weight of the cuttings (Table 4.11 and Fig. 4.11). The highest
root fresh weight (1.09 g at 40 DAP; 1.42 g at 60 DAP) was obtained in the cuttings
taken in April. The pooled analysis data revealed that the root fresh weight was
highest (1.26 g at 40 DAP; 1.58 g at 60 DAP) in the cuttings of 20 cm size whereas
lowest (0.91 g at 40 DAP; 1.24 g at 60 DAP) root fresh weight was obtained in the
cuttings of 10 cm size. The IBA concentration of 250 ppm recorded the highest root
fresh weight (1.23 g at 40 DAP; 1.56 g at 60 DAP) whereas the control treatment
recorded the lowest root fresh weight (0.79 g at 40 DAP; 1.12 g at 60 DAP). There
was no significant variation in root fresh weight between the IBA 250 ppm and 500

ppm treated cuttings.

The treatment combinations had significant interaction effect on the
root fresh weight of the cuttings (Table 4.12, Fig. 4.12). The highest root fresh weight
(1.46 g at 40 DAP ; 1.79 g at 60 DAP) was recorded in T2, whereas lowest root fresh
weight (0.72 g at 40 DAP ; 1.05 g at 60 DAP) was recorded in T4. Moreover, there
was no significant variation among the treatment combinations viz., T2z, T23, T11 and
T .



49

Table 4.11 Effect of time and size of cutting and IBA concentration on root fresh
weight (g)

Root fresh weight (g)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M - January 0.99 1.02 1.01 1.22 1.24 1.23
Mz - April 1.08 1.11 1.09 1.41 1.43 1.42
SEd (+) 0.02 0.02 0.02 0.02 0.02 0.02
CD (5%) 0.05 0.04 0.05 0.05 0.04 0.05

Size of cutting

L1-10cm 0.9 0.92 0.91 1.23 1.25 1.24
L2-15cm 1.07 1.1 1.09 1.4 1.42 1.41
Ls-20cm 1.24 1.27 1.26 1.57 1.59 1.58
SEd () 0.03 0.02 0.03 0.03 0.03 0.02
CD (5%) 0.05 0.05 0.05 0.05 0.05 0.05

IBA concentration

[1- 100 ppm 1.1 1.12 1.11 1.42 1.44 1.43
I2 - 250 ppm 1.22 1.25 1.23 1.55 1.57 1.56
13- 500 ppm 1.19 1.22 1.21 1.52 1.54 1.53
l4- 0 ppm 0.78 0.8 0.79 1.11 1.13 1.12
SEd (#) 0.03 0.03 0.03 0.03 0.03 0.03
CD (5%) 0.06 0.06 0.06 0.06 0.06 0.06

*DAP - Days after planting
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Table 4.12 Interaction effect of time and size of cutting and IBA concentration
on root fresh weight (g)

Root fresh weight (g)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 0.85 0.88 0.87 1.18 1.2 1.19
T2 (M1L1l2) 1.01 1.03 1.02 1.34 1.35 1.34
T3 (M1L1lg) 0.99 1.01 1 1.32 1.33 1.32
T4 (M1L1ls) 0.71 0.73 0.72 1.04 1.05 1.05
Ts (Mi1lzly) 11 1.12 1.11 1.43 1.44 1.44
Te (M1L2l2) 1.2 1.23 1.21 1.53 1.55 1.54
T7 (M1L2l3) 1.18 1.2 1.19 1.51 1.52 1.51
Ts (M1l2ls) 0.79 0.81 0.8 1.12 1.13 1.12
To (M1Lsl1) 1.3 1.32 1.31 1.63 1.64 1.63
T10 (M1L3l2) 1.43 1.45 1.44 1.76 1.77 1.76
T11 (M1L3l3) 1.39 1.42 141 1.72 1.74 1.73
T12 (M1L3l4) 0.82 0.84 0.83 1.15 1.16 1.16
T13 (M2L1l1) 0.88 0.9 0.89 121 1.22 1.22
T1a (M2L1l2) 1.02 1.04 1.03 1.35 1.36 1.36
T1s (M2L1l3) 1 1.03 1.02 1.33 1.35 1.34
T16 (M2L1l4) 0.73 0.75 0.74 1.06 1.07 1.07
T17 (M2L2ly) 1.12 1.14 1.13 1.45 1.46 1.45
T1g (M2L2l2) 1.21 1.25 1.23 154 1.57 1.56
T19 (M2L2l5) 1.19 1.22 1.21 1.52 1.54 1.53
T20 (M2L2l4) 0.8 0.83 0.81 1.13 1.15 1.14
T21 (M2Lsl1) 1.31 1.34 1.32 1.64 1.66 1.65
T22 (M2Lsly) 1.44 1.48 1.46 1.77 1.8 1.79
T23 (M2Lsls) 1.41 1.43 1.42 1.74 1.75 1.75
T24 (M2Lsls) 0.85 0.86 0.86 1.18 1.18 1.18
SEd (1) 0.07 0.07 0.07 0.08 0.08 0.07
CD (5%) 0.15 0.14 0.13 0.15 0.15 0.14

*DAP — Days after planting
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4.1.7 Dry weight of roots (g)

Perusal of pooled data depicted in table 4.13 and figure 4.13 revealed
that the time and size of cutting and IBA concentration had significant effect on dry
weight of roots at both 40 DAP and 60 DAP. The highest root dry weight (0.40 g at
40 DAP; 0.62 g at 60 DAP) was obtained in the cuttings taken in April. The 20 cm
size of cuttings recorded highest root dry weight (0.42 g at 40 DAP; 0.63 g at 60
DAP) whereas lowest root dry weight (0.32 g at 40 DAP; 0.53 g at 60 DAP) was
obtained in the cuttings of 10 cm size. The 250 ppm IBA concentration recorded the
highest root dry weight (0.41 g at 40 DAP; 0.63 g at 60 DAP) whereas the non treated
cuttings recorded the lowest root dry weight (0.29 g at 40 DAP; 0.51 g at 60 DAP).
The pooled analysis data exhibited that 500 ppm and 250 ppm IBA concentration had

no significant differences in dry weight of roots.

The interaction effects of time and size of cuttings and IBA
concentrations were found significant on root dry weight during both the years (Table
4.14, Fig. 4.14). The highest root dry weight (0.50 g at 40 DAP ; 0.71 g at 60 DAP)
was obtained in T22 whereas lowest root dry weight (0.24 g at 40 DAP ; 0.45 g at 60
DAP) was recorded in T4. However, no significant differences were observed among
the treatment combinations viz., T3, T21 and T1z and Ta.
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Table 4.13 Effect of time and size of cutting and IBA concentration on root dry
weight (g)

Root dry weight (g)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M;-January  0.35 0.36 0.36 0.58 0.57 0.58
M2 - April 0.39 0.40 0.40 0.62 0.61 0.62
SEd (+) 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.02 0.02 0.02 0.02 0.02

Size of cutting

L1-10cm 0.3 0.33 0.32 0.53 0.52 0.53
L2-15cm 0.36 0.38 0.37 0.58 0.59 0.59
Ls-20cm 0.41 0.43 0.42 0.63 0.63 0.63
SEd () 0.01 0.01 0.02 0.02 0.01 0.02
CD (5%) 0.03 0.03 0.03 0.03 0.03 0.03

IBA concentration

l;-100ppm 035 0.37 0.36 0.58 0.57 0.58
l2-250 ppm  0.40 0.42 0.41 0.63 0.62 0.63
l3-500 ppm  0.40 0.39 0.40 0.62 0.62 0.62
l4- 0 ppm 0.28 0.29 0.29 0.51 0.50 0.51
SEd (+) 0.02 0.02 0.02 0.02 0.02 0.02
CD (5%) 0.03 0.03 0.03 0.04 0.03 0.04

*DAP - Days after planting
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Table 4.14 Interaction effect of time and size of cutting and IBA concentration
on root dry weight (g)

Root dry weight (g)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 0.25 0.27 0.26 0.47 0.49 0.48
T2 (M1L1l2) 0.32 0.34 0.33 0.53 0.55 0.54
T3 (Mi1lls) 0.37 0.39 0.38 0.58 0.6 0.59
T4 (M1L1ls) 0.23 0.25 0.24 0.46 0.44 0.45
Ts (MiL2ly) 0.37 0.38 0.38 0.59 0.61 0.6
Te (M1L2l2) 0.39 0.41 0.40 0.61 0.63 0.62
T7 (M1L2l3) 0.37 0.38 0.38 0.6 0.62 0.61
Ts (M1l2ls) 0.28 0.29 0.29 0.51 0.53 0.52
To (M1Lsl1) 0.40 0.42 0.42 0.61 0.63 0.62
T10 (M1Lsl2) 0.47 0.49 0.48 0.69 0.71 0.7
T11 (M1Lsls) 0.42 0.41 0.42 0.64 0.66 0.65
T12 (M1Lsls) 0.31 0.30 0.31 0.55 0.53 0.54
T13 (M2L1l1) 0.27 0.26 0.27 0.51 0.49 0.5
T1a (M2L1l2) 0.33 0.34 0.34 0.57 0.55 0.56
T1s (M2L1ls3) 0.38 0.40 0.39 0.62 0.6 0.61
T16 (M2L1l4) 0.24 0.26 0.25 0.48 0.46 0.47
T17 (M2L2ly) 0.39 0.41 0.40 0.63 0.61 0.62
T1g (M2L2l2) 041 0.43 0.42 0.62 0.64 0.63
T19 (M2L2l3) 0.39 0.41 0.40 0.63 0.61 0.62
T20 (M2L2l4) 0.3 0.28 0.29 0.51 0.53 0.52
T21 (M2Lsl) 0.41 0.39 0.40 0.64 0.63 0.64
T22 (M2Lsl) 0.49 0.51 0.50 0.71 0.70 0.71
T23 (M2Lsls) 0.44 0.46 0.45 0.65 0.67 0.66
T24 (M2Lslsg) 0.33 0.35 0.34 0.54 0.56 0.55
SEd (1) 0.04 0.04 0.04 0.04 0.04 0.04
CD (5%) 0.08 0.08 0.08 0.09 0.08 0.08

*DAP — Days after planting
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4.1.8 Rooting percentage

The time and size of cutting and IBA concentration had a significant
effect on the rooting percentage at both 40 DAP and 60 DAP (Table 4.15, Fig. 4.15).
The highest rooting percentage (82.15 and 97.15 % at 40 DAP and 60 DAP
respectively) was obtained in the cuttings taken in April. The rooting percentage was
highest (83.75 and 98.75 % at 40 DAP and 60 DAP respectively) in the cuttings of 20
cm size whereas lowest rooting percentage (78.75 and 93.75 % at 40 DAP and 60
DAP respectively) was recorded in the cuttings of 10 cm size. The IBA concentration
of 250 ppm led to the highest rooting percentage (85.23 and 99.19 % at 40 DAP and
60 DAP respectively) whereas the control treatment recorded the lowest rooting
percentage (77.78 and 92.78 % at 40 DAP and 60 DAP respectively). The pooled
analysis data revealed that the effect of 500 ppm IBA concentration is statistically at

par with the 250 ppm IBA concentration.

Combined effect of time and size of cuttings and IBA concentrations
registered the highest rooting percentage 85 and 100 % at 40 DAP and 60 DAP,
respectively in T22 which was at par with T2s, T1s, T19, T10 and T11 (Table 4.16, Fig.
4.16). Whereas, lowest rooting percentage (72.5 and 87.5 % at 40 DAP and 60 DAP
respectively) was obtained in Ta.
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Table 4.15 Effect of time and size of cutting and IBA concentration on rooting
percentage

Rooting percentage

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M - January 80.08 80.1 80.09 95.08 95.06 95.07
Mz - April 81.67 82.64 82.15 96.67 97.64 97.15
SEd (+) 1.02 1.02 1.02 1.02 1.02 1.02
CD (5%) 2.05 2.05 2.05 2.05 2.05 2.05

Size of cutting

L1-10cm 77.92 79.58 78.75 92.92 94.58 93.75
L2-15cm 81.67 82.29 81.98 96.67 97.29 96.98
Ls-20cm 83.33 84.17 83.75 98.33 99.17 98.75
SEd () 1.25 1.25 1.25 1.25 1.25 1.25
CD (5%) 2.52 2.52 2.52 2.52 2.52 2.52

IBA concentration

l;-100 ppm  79.17 80.56 79.87 94.17 9556  94.87
l2- 250 ppm  85.22 85.24 85.23 98.18 9920  99.19
l3-500 ppm  83.89 84.44 84.17 98.16  99.18  99.17
l4- 0 ppm 76.94 78.61 77.78 91.94 9361 9278
SEd (+) 1.44 1.44 1.44 1.44 1.44 1.44
CD (5%) 2.91 2.91 2.91 2.91 2.91 2.91

*DAP - Days after planting
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Table 4.16 Interaction effect of time and size of cutting and IBA concentration
on rooting percentage

Rooting percentage

Treatment
. 40 DAP 60 DAP
Combination
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal4) 73.33 75 74.17 88.33 90 89.17

T2 (M1Lalp) 83.49 83.51 83.5 96.51 96.49 96.5
T3 (Mi1lls) 81.67 83.33 82.5 96.67 98.33 97.5
Ta(MiLils) 71.67 73.33 72.5 86.67 88.33 87.5
Ts (Milzl1) 80 81.67 80.83 95 96.67 95.83
Te (Mi1l2l2) 83.33 82.33 83.33 97.33 98.33 98.33
T7 (M1Lzls) 82.33 83.33 83.33 98.33 97.33 98.33

Ts (M1L2la) 76.67 78.33 77.5 91.67 93.33 92.5
To (M1Lsly) 81.67 83.33 82.5 96.67 98.33 97.5
T10 (M1Lsl2) 85 84 85 100 100 100
T11 (M1Lsls) 84 85 85 100 100 100
T12 (M1Lsls) 80 81.67 80.83 95 96.67 95.83
T13 (M2L1l1) 75 76.67 75.83 90 91.67 90.83
T1a (M2L1l2) 83.33 85 84.17 98.33 100 99.17
Tis (M2Lal3) 83.33 85 84.17 100 98.33 99.17
T16 (M2L1ls) 73.33 75 74.17 88.33 90 89.17
T17 (M2L2l1) 81.67 81.67 81.67 96.67 96.67 96.67
T1s (M2L2l2) 85 85 85 100 100 100
T19 (M2L2l3) 85 85 85 100 100 100
T20 (M2L2l4) 78.33 80 79.17 93.33 95 94.17
T21 (M2Lsly) 83.33 85 84.17 98.33 100 99.17
T22 (M2Lsl2) 85 85 85 100 100 100
T3 (M2Lsls) 85 85 85 100 100 100
T24 (M2Lsls) 81.67 83.33 82.5 96.67 98.33 97.5
SEd (#) 3.54 3.54 3.54 3.54 3.54 3.54
CD (5%) 7.12 7.12 7.12 7.12 7.12 7.12

*DAP — Days after planting
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4.2 Shoot parameters
4.2.1 Days required for shoot initiation

Perusal of pooled data presented in Table 4.17 and Fig. 4.17 revealed
that there was significant effect of time and size of cutting and IBA concentration on
days required for shoot initiation. The shoot initiation was early (33.44 days) in the
cuttings taken in April. The 20 cm size of cuttings recorded least days (29.58 days)
for shoot initiation whereas the cuttings of 10 cm size delayed shoot initiation (38.92
days). The pooled analysis data revealed that the 250 ppm treated cuttings recorded
early (29.44 days) shoot initiation whereas the shoot initiation was delayed (41.78
days) in the non-treated cuttings. Moreover, there was no significant variation

between the effects of 500 ppm and 250 ppm IBA treatments.

The data pertaining to the interaction effect of time and size of cutting
and IBA concentration on the root dry weight as presented in Table 4.18 and Fig. 4.18
revealed that there was significant interaction effect of the different treatment
combinations at both 40 DAP and 60 DAP. T recorded least days (22.33 days) for
shoot initiation which was statistically at par with T23 whereas T4 delayed (44 days)

shoot initiation. T23 was statistically at par with Ta2.
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Table 4.17 Effect of time and size of cutting and IBA concentration on days
required for shoot initiation

Days required for shoot initiation

Treatment
2020 2021 Pooled

Time of cutting
M - January 35.44 34.11 34.78
M - April 34.11 32.78 33.44
SEd () 0.35 0.35 0.43
CD (5%) 0.7 0.71 0.71
Size of cutting
L:-10cm 39.58 38.25 38.92
L. -15cm 34.5 33.17 33.83
Ls-20cm 30.25 28.92 29.58
SEd (+) 0.42 0.43 0.43
CD (5%) 0.86 0.87 0.87
IBA concentration
|1 - 100 ppm 35.44 34.11 34.78
I2 - 250 ppm 30.11 28.78 29.44
I3- 500 ppm 31.11 29.78 30.45
l4- 0 ppm 42.44 41.11 41.78
SEd () 0.49 0.5 0.5

CD (5%) 0.99 1.01 1
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Table 4.18 Interaction effect of time and size of cutting and IBA concentration
on days required for shoot initiation

Treatment Days required for shoot initiation
Combination 2020 2021 Pooled
T1 (M1L1ly) 41.67 40.33 41
T2 (M1L1l2) 38.33 37 37.67
T3 (M1L1l3) 36.33 35 35.67
Ta(MiLals) 44.67 43.33 44
Ts (M1L2l1) 35.33 34 34.67
Te (M1L2l2) 29.67 28.33 29
T7(M1L2l3) 32.33 31 31.67
Ts (MiL2ls) 43.33 42 42.67
To (M1Lsly) 31.33 30 30.67
T10 (M1L3l2) 24.33 23 23.67

T11 (M1Lz3ls) 26.67 25.33 26
T12 (M1Lsls) 41.33 40 40.67
T13 (M2L1ly) 40.33 39 39.67
T1a (MaL1lo) 37 35.67 36.33
T1s (M2Lyl3) 35 33.67 34.33
T16 (M2L1ls) 43.33 42 42.67
T17 (M2L2ly) 34 32.67 33.33
T1s (M2L2l2) 28.33 27 27.67
T19 (M2L2l3) 31 29.67 30.33
T2 (M2L2ls) 42 40.67 41.33
T21 (M2Lasly) 30 28.67 29.33
T2 (M2L3l2) 23 21.67 22.33
T2z (M2oLsls) 25.33 24 24.67
Tos (M2L3ls) 40 38.67 39.33
SEd (+) 1.2 1.22 1.21

CD (5%) 2.42 2.47 2.45
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4.2.2 Number of shoots

The time and size of cutting and IBA concentration had significant
effect on the number of shoots at both 40 DAP and 60 DAP (Table 4.19, Fig. 4.19).
The highest number of shoots (3.32 and 4.66 at 40 DAP and 60 DAP, respectively)
was recorded in the cuttings taken in April. The 20 cm size of cuttings recorded
highest number of shoots (3.1 and 4.43 at 40 DAP and 60 DAP respectively) whereas
the 10 cm size of cuttings recorded lowest (1.97 and 2.71 at 40 DAP and 60 DAP
respectively) number of shoots. The pooled analysis data revealed that the effect of 15
cm size of cutting was statistically at par with the 20 cm size of cutting. The IBA
concentration of 250 ppm recorded highest numbers of shoots (3.18 and 5.01 at 40
DAP and 60 DAP respectively) whereas the control treatment recorded lowest
numbers of shoots (1.78 and 2.54 at 40 DAP and 60 DAP respectively). Moreover,
there was no significant difference in shoot number between the 250 ppm and 500
ppm IBA treated cuttings.

The interaction among time and size of cuttings and IBA
concentrations was significant on shoot number in both the years of experimentation
and in pooled analysis (Table 4.20 and Fig. 4.20). Combination of 20 cm size cuttings
treated with 250 ppm IBA planted in April (T22) recorded the highest shoot number
(4.4 and 5.73 at 40 DAP and 60 DAP respectively). Whereas, T4 recorded lowest
shoot numbers (0.87 and 1.2 at 40 DAP and 60 DAP respectively). The pooled
analysis data revealed that the effects of treatment combinations viz., T2z, T21, Tig,
Tag, T17, T1s, T14, Troand Te were statistically at par with Too.
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Table 4.19 Effect of time and size of cutting and IBA concentration on number
of shoots

Number of shoots

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M; - January 1.32 2.66 1.99 2.66 3.99 3.33
M - April 2.66 3.99 3.32 3.99 5.32 4.66
SEd (+) 0.24 0.43 0.43 0.43 0.66 0.58
CD (5%) 0.48 0.87 0.86 0.87 1.32 1.15

Size of cutting

L1-10 cm 13 2.63 1.97 2.72 2.7 2.71
Lo -15cm 2.23 3.57 2.9 3.57 4.9 4.23
Ls-20 cm 2.43 3.77 3.1 3.77 5.1 4.43
SEd (+) 0.29 0.53 0.43 0.53 0.81 0.71
CD (5%) 0.58 1.07 1.05 1.07 1.62 1.42

IBA concentration

l;-100 ppm  1.91 3.24 2.58 3.24 4.58 3.01
- 250 ppm 251 3.84 3.18 4.84 5.18 5.01
I3 - 500 ppm 2.2 3.53 2.87 3.53 4.87 4.2
l4- 0 ppm 1.77 1.79 1.78 2.53 2.55 2.54
SEd (+) 0.34 0.61 0.51 0.61 0.93 0.82
CD (5%) 0.67 1.24 1.21 1.24 1.86 1.64

*DAP - Days after planting



66

Table 4.20 Interaction effect of time and size of cutting and IBA concentration
on number of shoots

Number of shoots

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 0.53 1.87 1.2 1.87 1.2 1.56
T2 (M1L1l2) 1 2.33 1.67 2.33 3.67 3
T3 (M1L1lg) 0.8 2.13 1.47 2.13 3.47 2.8
Ta(MiLils) 0.2 1.53 0.87 0.53 1.87 1.2
Ts (Mi1lzly) 1.47 2.8 2.13 2.8 4.13 3.47
Te (MiLalp) 2.13 3.47 2.8 3.47 4.8 4.13
T7 (M1L2l3) 1.87 3.2 2.53 3.2 4.53 3.87
Ts (M1l2ls) 1.06 1.08 1.07 1.27 1.29 1.28
To (M1Lsl1) 1.73 3.07 24 3.07 4.4 3.73
T10 (M1L3l2) 24 3.73 3.07 3.73 5.07 4.4
T11 (M1Lsls) 1.93 3.27 2.6 3.27 4.6 3.93
T12 (M1L3l4) 1.16 1.18 1.17 1.3 1.32 1.31
T13 (M2L1l1) 1.87 3.2 2.53 3.2 4.53 3.87
T1a (M2L1l2) 2.33 3.67 3 3.67 5 4.33
T1s (M2L1ls3) 2.13 3.47 2.8 3.47 4.8 4.13
T16 (M2L1l4) 0.53 1.87 1.2 1.52 1.54 1.53
T17 (M2Laly) 2.8 4.13 3.47 4.13 5.47 4.8
T1g (M2L2l2) 3.47 4.8 4.13 4.8 6.13 5.47
T19 (M2L2ls) 3.2 4.53 3.87 4.53 5.87 5.2
T20 (M2L2l4) 1.13 1.11 1.12 1.32 1.34 1.33
T21 (M2Lsl) 3.07 4.4 3.73 4.4 5.73 5.07
T22 (M2Lsl) 3.73 5.07 4.4 5.07 6.4 5.73
T23 (M2Lsls) 3.27 4.6 3.93 4.6 5.93 5.27
Tas (MaLsls) 1.33 1.3 1.31 1.42 1.44 1.43
SEd (1) 0.82 0.84 0.83 0.83 0.85 0.84
CD (5%) 1.64 1.68 1.66 1.66 1.7 1.68

*DAP — Days after planting
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4.2.3 Length of primary shoots (cm)

There was significant effect of time and size of cutting and IBA
concentration on the length of the primary shoots (Table 4.21, Fig. 4.21). The longest
of primary shoots (13.29 and 14.63 cm at 40 DAP and 60 DAP respectively) was
recorded in the cuttings taken in April. The 20 cm size of cuttings recorded highest
length (16.73and 18.06 cm at 40 DAP and 60 DAP respectively) of primary shoots
whereas the 10 cm size of cutting recorded lowest length of primary shoots (9.68 and
11.01 cm at 40 DAP and 60 DAP respectively). The IBA concentration of 250 ppm
recorded highest length (14.97 and 16.3 cm at 40 DAP and 60 DAP respectively) of
primary shoots whereas the control treatment recorded lowest length (8.57 and 9.9 cm
at 40 DAP and 60 DAP) of primary shoots. The pooled analysis data revealed that the
effect of 500 ppm IBA concentration was statistically at par with the 250 ppm IBA

concentration.

The treatment combinations imparted a significant interaction effect on
the length of the primary shoots (Table 4.22, Fig. 4.22). T2 recorded highest length
(21.37 and 22.7 cm at 40 DAP and 60 DAP respectively) of primary shoots whereas
T4 recorded the shortest primary shoots (7.2 and 8.53 cm at 40 DAP and 60 DAP,
respectively). The pooled analysis data revealed that the effects of treatment

combinations viz., T3, T21, T11 and T1o were statistically at par with T2z.
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Table 4.21 Effect of time and size of cutting and IBA concentration on length of
the primary shoots (cm)

Length of the primary shoots (cm)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled
Time of cutting
M - January 11.13 12.79 11.96 12.46 14.13 13.3
M - April 12.46 14.13 13.29 13.79 15.46 14.63
SEd () 0.31 0.4 0.39 0.46 0.58 0.56
CD (5%) 0.63 0.81 0.78 0.93 1.16 1.08
Size of cutting
L:-10cm 8.84 10.51 9.68 10.18 11.84 11.01
L, -15cm 10.64 12.31 11.48 11.98 13.64 12.81
Ls-20cm 15.89 17.56 16.73 17.23 18.89 18.06
SEd (+) 0.38 0.49 0.46 0.56 0.71 0.63
CD (5%) 0.77 0.99 0.92 1.14 1.42 1.35
IBA concentration
[1- 100 ppm 12.09 13.76 12.93 13.42 15.09 14.26
I2 - 250 ppm 14.13 15.8 14.97 15.47 17.13 16.3
I3- 500 ppm 13.21 14.88 14.04 14.54 16.21 15.38
l4- 0 ppm 7.73 94 8.57 9.07 10.73 9.9
SEd (1) 0.44 0.57 0.53 0.65 0.81 0.74
CD (5%) 0.89 1.15 1.08 1.31 1.64 1.47

*DAP - Days after planting
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Table 4.22 Interaction effect of time and size of cutting and IBA concentration
on length of the primary shoots (cm)

Length of the primary shoots (cm)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 8.33 10 9.17 9.67 11.33 10.5
T2 (M1L1l2) 9.2 10.87 10.03 10.53 12.2 11.37
T3 (M1L1lg) 8.8 10.47 9.63 10.13 11.8 10.97
T4 (MiLils) 6.37 8.03 7.2 1.7 9.37 8.53
Ts (Mi1lzly) 9.67 11.33 10.5 11 12.67 11.83
Te (M1L2l2) 12 13.67 12.83 13.33 15 14.17
T7 (M1L2l3) 11.3 12.97 12.13 12.63 14.3 13.47
Ts (M1l2ls) 6.93 8.6 7.77 8.27 9.93 9.1
To (M1Lsl1) 16.27 17.93 171 17.6 19.27 18.43
T10 (M1Lsl2) 19.2 20.87 20.03 20.53 22.2 21.37
T11 (M1Lsls) 17.53 19.2 18.37 18.87 20.53 19.7
T12 (M1Lsls) 7.9 9.57 8.73 9.23 10.9 10.07
T13 (M2L1l1) 9.67 11.33 10.5 11 12.67 11.83
T1a (M2L1l2) 10.53 12.2 11.37 11.87 13.53 12.7
T1s (M2L1ls3) 10.13 11.8 10.97 11.47 13.13 12.3
T16 (M2L1l4) 7.7 9.37 8.53 9.03 10.7 9.87
T17 (M2L2ly) 11 12.67 11.83 12.33 14 13.17
T1g (M2L2l2) 13.33 15 14.17 14.67 16.33 15.5
T19 (M2L2ls) 12.63 143 13.47 13.97 15.63 14.8
T20 (M2L2l4) 8.27 9.93 9.1 9.6 11.27 10.43
T21 (M2Lsl) 17.6 19.27 18.43 18.93 20.6 19.77
T22 (M2Lsl) 20.53 22.2 21.37 21.87 23.53 22.7
T23 (M2Lsls) 18.87 20.53 19.7 20.2 21.87 21.03
T24 (M2Lsls) 9.23 10.9 10.07 10.57 12.23 11.4
SEd (1) 1.09 1.4 1.25 1.6 1.99 1.8
CD (5%) 2.19 2.81 2.5 3.21 4.02 3.6

*DAP — Days after planting
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4.2.4 Length of secondary shoots (cm)

The length of the secondary shoots varied significantly with the time
and size of cutting and IBA concentration at both 40 DAP and 60 DAP (Table 4.23,
Fig. 4.23). The highest length (8.36 and 9.7 cm at 40 DAP and 60 DAP, respectively)
of secondary shoots was recorded in the cuttings taken in April. The pooled analysis
data revealed that 20 cm size of cuttings recorded highest length (9.18 and 10.52 cm
at 40 DAP and 60 DAP, respectively) of secondary shoots whereas the 10 cm size of
cutting recorded the lowest length (6.16 and 7.49 cm at 40 DAP and 60 DAP,
respectively) of secondary shoots. The 250 ppm IBA treated cuttings recorded highest
length (8.69 and 10.02 cm at 40 DAP and 60 DAP respectively) of secondary shoots
whereas the non-treated cuttings recorded lowest length (5.29 and 6.62 cm at 40 DAP
and 60 DAP respectively) of secondary shoots. Moreover, the 500 ppm and 100 ppm
IBA treatments were found similar with the 250 ppm IBA treatment.

The interaction effect among time and size of cuttings and IBA
concentrations was significant recording the highest secondary shoot length (11.33
and 12.67 cm at 40 DAP and 60 DAP, respectively) in T2 whereas T recorded
lowest length of secondary shoots (3.87 and 5.2 cm at 40 DAP and 60 DAP,
respectively). However, interaction effects of the treatment combinations viz., Tos,

To1, T11 and Tyo treatments were statistically at par with Tz..



73

Table 4.23 Effect of time and size of cutting and IBA concentration on length of
the secondary shoots (cm)

Length of the secondary shoots (cm)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M; - January 6.2 7.86 7.03 7.53 9.2 8.36
M - April 7.53 9.2 8.36 8.86 10.53 9.7
SEd (+) 0.22 0.36 0.26 0.26 0.55 0.54
CD (5%) 0.45 0.73 0.64 0.53 1.12 1.07

Size of cutting

L1-10 cm 5.33 6.99 6.16 6.66 8.33 7.49
Lo -15cm 6.92 8.58 7.75 8.25 9.92 9.08
Ls-20 cm 8.35 10.02 9.18 9.68 11.35 10.52
SEd (+) 0.27 0.45 0.36 0.32 0.68 0.66
CD (5%) 0.55 0.9 0.72 0.65 1.37 1.3

IBA concentration

l;-100 ppm  6.98 8.64 7.81 8.31 9.98 9.14
l2-250 ppm  7.86 9.52 8.69 9.19 10.86 10.02
l3-500 ppm  8.17 9.83 9 9.5 11.17 10.33
l4- 0 ppm 4.46 6.12 5.29 5.79 7.46 6.62
SEd (+) 0.32 0.52 0.45 0.37 0.78 0.76
CD (5%) 0.64 1.04 0.79 0.75 158 0.91

*DAP - Days after planting
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Table 4.24 Interaction effect of time and size of cutting and IBA concentration on
length of the secondary shoots (cm)

Length of the secondary shoots (cm)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1L1ly 4.17 5.83 5 5.5 7.17 6.33
T2 (M1L1l2) 5 6.67 5.83 6.33 8 7.17
T3 (MiLals) 6.43 8.1 7.27 7.77 9.43 8.6
Ta(MiLils) 3.03 4.7 3.87 4.37 6.03 5.2
Ts (MiL2ly) 6.63 8.3 7.47 7.97 9.63 8.8
Te (M1L2l2) 7.4 9.07 8.23 8.73 10.4 9.57
T7 (M1L2l3) 7.17 8.83 8 8.5 10.17 9.33
Ts (M1l2ls) 3.8 5.47 4.63 5.13 6.8 5.97
To (M1Lsl1) 8.13 9.8 8.97 9.47 11.13 10.3
T10 (M1L3l2) 9.17 10.83 10 10.5 12.17 11.33
T11 (M1Lsls) 8.9 10.57 9.73 10.23 11.9 11.07
T12 (M1Lsls) 4.53 6.2 5.37 5.87 7.53 6.7
T13 (M2L1l1) 5.5 7.17 6.33 6.83 8.5 7.67
T1a (M2L1l2) 6.33 8 7.17 7.67 9.33 8.5
T1s (M2L1ls3) 7.77 9.43 8.6 9.1 10.77 9.93
T16 (M2L1l4) 4.37 6.03 5.2 5.7 7.37 6.53
T17 (M2L2ly) 7.97 9.63 8.8 9.3 10.97 10.13
T1g (M2L2l2) 8.73 104 9.57 10.07 11.73 10.9
T19 (M2L2ls) 8.5 10.17 9.33 9.83 11.5 10.67
T20 (M2L2l4) 5.13 6.8 5.97 6.47 8.13 7.3
T21 (M2Lsl) 9.47 11.13 10.3 10.8 12.47 11.63

T22 (M2Lsl2) 10.5 12.17 11.33 11.83 135 12.67
T23 (M2Lsls) 10.23 11.9 11.07 11.57 13.23 12.4

T24 (M2Lsly) 5.87 7.53 6.7 7.2 8.87 8.03
SEd (1) 0.77 1.26 1.19 0.92 1.92 1.86
CD (5%) 1.56 2,54 2.16 1.84 3.86 2.69

*DAP — Days after planting
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4.2.5 Fresh weight of shoots (g)

The data pertaining to the fresh weight of shoots presented in Table 4.
25 and Fig. 4.25 revealed that there was significant effect of time and size of cutting
and IBA concentration at both 40 DAP and 60 DAP. The highest shoot fresh weight
(61.44 and 64.27 g at 40 DAP and 60 DAP, respectively) was recorded in the cuttings
taken in April. The 20 cm size of cuttings recorded highest shoot fresh weight (71.68
and 74.52 g at 40 DAP and 60 DAP respectively) whereas the 10 cm size of cutting
recorded lowest shoot fresh weight (51.52 and 54.35 g at 40 DAP and 60 DAP
respectively). The pooled data analysis revealed that IBA concentration of 250 ppm
recorded highest (70.02 and 72.86 g at 40 DAP and 60 DAP respectively) shoot fresh
weight whereas the control treatment recorded lowest (43.36 and 46.19 g at 40 DAP
and 60 DAP respectively) shoot fresh weight.

Combined effects of time and size of cuttings and IBA concentration
(Table 4.26, Fig. 4.26) recorded significantly the highest shoot fresh weight (84.07
and 86.9 g at 40 DAP and 60 DAP respectively) whereas T4 recorded the lowest
(39.87 and 42.7 g at 40 DAP and 60 DAP respectively) shoot fresh weight. The

interaction effects among T2s, T21, T11 and T1o were statistically at par with T2.
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Table 4.25 Effect of time and size of cutting and IBA concentration on shoot

fresh weight (g)
Shoot fresh weight (g)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled
Time of cutting
M - January 58.71 60.23 59.47 61.02 63.41 62.22
M - April 60.77 62.1 61.44 63.1 65.43 64.27
SEd () 0.89 0.88 0.89 0.99 0.93 0.96
CD (5%) 1.8 1.76 1.77 1.99 1.87 1.92
Size of cutting
L:-10cm 50.85 52.18 51.52 53.18 55.52 54.35
L, -15cm 58.43 59.77 59.1 60.77 63.1 61.93
Ls-20cm 71.02 72.35 71.68 73.35 75.68 74.52
SEd (+) 1.09 1.07 1.08 1.21 1.14 1.18
CD (5%) 2.2 2.16 2.18 2.43 2.29 2.33
IBA concentration
[1- 100 ppm 61.78 63.11 62.44 64.11 66.44 65.28
I2 - 250 ppm 69.36 70.69 70.02 71.69 74.02 72.86
l3-500 ppm  66.58 67.91 67.25 68.91 71.11 70.01
l4- 0 ppm 42.69 44.02 43.36 45.02 47.36 46.19
SEd (1) 1.26 1.24 1.25 1.39 1.31 1.37
CD (5%) 2.54 2.49 251 2.81 2.64 2.71

*DAP - Days after planting
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Table 4.26 Interaction effect of time and size of cutting and IBA concentration
on shoot fresh weight (g)

Shoot fresh weight (g)

Treatment

. 40 DAP 60 DAP
Combination

2020 2021 Pooled 2020 2021 Pooled

T1 (M1Lal) 48.07 49.4 48.73 50.4 52.73 51.57
T2 (M1Lalp) 58 59.33 58.67 60.33 62.67 61.5
T3 (Mi1lls) 55.47 56.8 56.13 57.8 60.13 58.97
Ta(MiLils) 39.2 40.53 39.87 41.53 43.87 42.7

Ts (Milol)  60.33  61.67 61 62.67 65 63.83
To (Mi1Lol2) 66 67.33  66.67 68.33  70.67 69.5
T7(Milols)  63.07 64.4 63.73 65.4 67.73  66.57
Ts (Milols)  41.67 43 42.33 44 46.33 4517
To(Milsly) 7493  76.27 75.6 77.27 79.6 78.43
Tio (Milsly)  82.07 83.4 82.73 84.4 86.73  85.57

Ti1 (Mi1Lsls) 79.2 80.53 79.87 81.53 83.87 82.7
Tz (Milsl)) 452 46.53 45.87 47.53 49.87 48.7
Tis (MoLill)  49.4 50.73 50.07 51.73 54.07 52.9

Tie (Molul) 5933 60.67 60 61.67 64 62.83
Tis (MoLil)  56.8 58.13  57.47  59.13 6147 60.3
Tis (Moluls) 4053 41.87 41.2 42.87 45.2 44.03
Tiz (Mololy) 6167 63 62.33 64 6633  65.17
Tis (Molol)  67.33  68.67 68 69.67 72 70.83
Tio Maloly) 644 6573 6507 6673  69.07 67.9
T20 (MaLola) 43 4433 4367 4533  47.67 46.5
Ta (Molsl)  76.27 77.6 76.93 78.6 80.93  79.77

T22 (M2Lsl2) 83.4 84.73 84.07 85.73 88.07 86.9
T23 (M2Lsls) 80.53 81.87 81.2 82.87 85.2 84.03

Tos (Malsls) 4653  47.87 47.2 48.87 51.2 50.03
SEd (+) 3.09 3.03 3.06 3.42 3.22 3.32
CD (5%) 6.23 6.11 6.22 6.88 6.47 6.64

*DAP - Days after planting
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4.2.6 Dry weight of shoot (g)

Perusal of pooled data presented in Table 4.27 and Fig. 4.27 revealed
that time and size of cutting and IBA concentration had significant effects on shoot
dry weight. The highest shoot dry weight (9.38 and 10.88 g at 40 and 60 DAP,
respectively) was recorded in the cuttings taken in April. The 20 cm size of cuttings
recorded the highest shoot dry weight (10.02 and 11.52 g at 40 DAP and 60 DAP,
respectively) whereas the 10 cm size of cutting recorded lowest shoot dry weight
(7.52 and 9.02 g at 40 DAP and 60 DAP respectively) . The IBA concentration of 250
ppm recorded highest (9.71 and 11.21 g at 40 DAP and 60 DAP respectively) shoot
dry weight whereas the control treatment recorded lowest (7.04 and 8.54 g at 40 DAP
and 60 DAP respectively) shoot dry weight. The pooled analysis data revealed that the
effect of 500 ppm IBA concentration was statistically at par with the 250 ppm IBA

concentration.

The data pertaining to the interaction effect of time and size of cutting
and IBA concentration on the shoot dry weight as depicted in Table 4.28 and Fig. 4.28
revealed that there was significant interaction effect of the different treatment
combinations at both 40 DAP and 60 DAP. T2, recorded highest (11.93 and 13.43 g at
40 DAP and 60 DAP, respectively) shoot dry weight whereas T4 recorded lowest
(5.53 and 7.03 g at 40 DAP and 60 DAP, respectively) shoot dry weight. The pooled
data analysis reveals that the effects of the treatment combinations viz., T2z, T21, T1g,

Taig, T11 and Tyo treatments were statistically at par with To».
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Table 4.27 Effect of time and size of cutting and IBA concentration on shoot dry

weight (g)
Shoot dry weight (g)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled
Time of cutting
M - January 7.04 9.04 8.04 8.71 10.38 9.54
M - April 8.38 10.38 9.38 10.04 11.71 10.88
SEd () 0.22 0.33 0.28 0.37 0.26 0.32
CD (5%) 0.44 0.67 0.55 0.74 0.52 0.63
Size of cutting
L:-10cm 6.52 8.52 7.52 8.18 9.85 9.02
L, -15cm 7.6 9.6 8.6 9.27 10.93 10.1
Ls-20cm 9.02 11.02 10.02 10.68 12.35 11.52
SEd (+) 0.27 0.41 0.34 0.45 0.32 0.39
CD (5%) 0.54 0.82 0.68 0.91 0.64 0.78
IBA concentration
l; - 100 ppm 7.76 9.76 8.76 9.42 11.09 10.26
I2 - 250 ppm 8.71 10.71 9.71 10.38 12.04 11.21
I3- 500 ppm 8.33 10.33 9.33 10 11.67 10.83
l4- 0 ppm 6.04 8.04 7.04 7.71 9.38 8.54
SEd (1) 0.31 0.47 0.39 0.52 0.37 0.45
CD (5%) 0.62 0.95 0.78 1.05 0.74 0.9

*DAP - Days after planting
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Table 4.28 Interaction effect of time and size of cutting and IBA concentration

on shoot dry weight (g)
Shoot dry weight (g)
Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 5.73 7.73 6.73 7.4 9.07 8.23
T2 (M1L1l2) 6.73 8.73 7.73 8.4 10.07 9.23
T3 (Mi1lls) 6.4 8.4 7.4 8.07 9.73 8.9
Ta(MiLils) 453 6.53 5.53 6.2 7.87 7.03
Ts (Milzl1) 7.33 9.33 8.33 9 10.67 9.83
Te (M1L2l2) 7.8 9.8 8.8 9.47 11.13 10.3
T7 (M1L2l3) 7.47 9.47 8.47 9.13 10.8 9.97
Ts (M1l2ls) 5.13 7.13 6.13 6.8 8.47 7.63
To (M1Lsl1) 8.2 10.2 9.2 9.87 11.53 10.7
T10 (M1Lsl2) 9.6 11.6 10.6 11.27 12.93 12.1
T11 (M1Lsls) 9.13 11.13 10.13 10.8 12.47 11.63
T12 (M1Lsls) 6.47 8.47 1.47 8.13 9.8 8.97
T13 (M2L1l1) 7.07 9.07 8.07 8.73 10.4 9.57
T1a (M2L1l2) 8.07 10.07 9.07 9.73 114 10.57
T1s (M2L1ls3) 7.73 9.73 8.73 94 11.07 10.23
T16 (M2L1l4) 5.87 7.87 6.87 7.53 9.2 8.37
T17 (M2L2ly) 8.67 10.67 9.67 10.33 12 11.17
T1g (M2L2l2) 9.13 11.13 10.13 10.8 12.47 11.63
T19 (M2L2ls) 8.8 10.8 9.8 10.47 12.13 11.3
T20 (M2L2l4) 6.47 8.47 7.47 8.13 9.8 8.97
T21 (M2Lsl) 9.53 11.53 10.53 11.2 12.87 12.03
T22 (M2Lsl) 10.93 12.93 11.93 12.6 14.27 13.43
T23 (M2Lsls) 10.47 12.47 11.47 12.13 13.8 12.97
T24 (M2Lsly) 7.8 9.8 8.8 9.47 11.13 10.3
SEd (1) 0.75 1.16 0.96 1.27 0.9 1.09
CD (5%) 1.52 2.33 1.92 2.54 1.8 2.18

*DAP - Days after planting
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4.2.7 Root to shoot ratio

The root to shoot ratio varied significantly with the change in time and
size of cutting and IBA concentration (Table 4.29, Fig. 4.29). The highest root to
shoot ratio (0.09 and 0.10 at 40 DAP and 60 DAP, respectively) was recorded in the
cuttings taken in April. The 20 cm size of cuttings recorded the highest root to shoot
ratio (0.09 and 0.10 at 40 DAP and 60 DAP, respectively) whereas the 10 cm size of
cutting recorded lowest (0.06 and 0.07 at 40 DAP and 60 DAP, respectively) root to
shoot ratio. The IBA concentration of 250 ppm recorded highest root to shoot ratio
(0.11 and 0.12 at 40 DAP and 60 DAP respectively) whereas the control treatment
recorded lowest root to shoot ratio (0.07 and 0.08 at 40 DAP and 60 DAP,
respectively). The pooled analysis data revealed that the effect of 500 ppm IBA

concentration was statistically at par with the 250 ppm IBA concentration.

Perusal of pooled data presented in Table 4.30 and Fig. 4.30 revealed
that there was significant effect of the treatment combinations on the root to shoot
ratio. The treatment combinations viz., Tz, T2z, Tig and Tig treatments recorded
highest root to shoot ratio (0.09 and 0.1 at 40 DAP and 60 DAP respectively)
whereas the treatment combinations viz., T1, Ta, T12 T2o and T21 treatments recorded
lowest root to shoot ratio (0.06 and 0.07 at 40 DAP and 60 DAP, respectively).
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Table 4.29 Effect of time and size of cutting and IBA concentration on root to
shoot ratio

Root to shoot ratio

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M;-January  0.04 0.08 0.06 0.07 0.06 0.07
M2 - April 0.07 0.11 0.09 0.10 0.09 0.10
SEd (+) 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.02 0.02 0.02 0.02 0.02

Size of cutting

L1-10cm 0.05 0.08 0.06 0.07 0.06 0.07
L2-15cm 0.06 0.09 0.07 0.08 0.07 0.08
Ls-20cm 0.09 0.11 0.09 0.10 0.09 0.10
SEd () 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.02 0.02 0.02 0.02 0.02

IBA concentration

l;-100 ppm  0.06 0.09 0.08 0.09 0.08 0.09
l2 - 250 ppm 0.1 0.12 0.11 0.12 0.11 0.12
l3-500 ppm  0.09 0.11 0.1 0.11 0.10 0.11
l4- 0 ppm 0.05 0.08 0.07 0.08 0.07 0.08
SEd (+) 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.02 0.02 0.02 0.02 0.02

*DAP - Days after planting
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Table 4.30 Interaction effect of time and size of cutting and IBA concentration
on root to shoot ratio

Root to shoot ratio

Treatment 40 DAP 60 DAP
2020 2021 Pooled 2020 2021 Pooled

T1 (M1Lal1) 0.04 0.08 0.06 0.05 0.09 0.07
T2 (M1L1l2) 0.05 0.09 0.07 0.06 0.1 0.08
T3 (Mi1lls) 0.06 0.09 0.08 0.07 0.1 0.09
Ta(MiLils) 0.05 0.06 0.06 0.06 0.07 0.07
Ts (Milzl1) 0.05 0.08 0.08 0.06 0.09 0.09
Te (Mi1l2l2) 0.05 0.09 0.07 0.06 0.1 0.08
T7 (M1L2l3) 0.05 0.1 0.08 0.06 0.11 0.09
Ts (M1l2ls) 0.06 0.07 0.07 0.07 0.08 0.08
To (M1Lsl1) 0.05 0.08 0.07 0.06 0.09 0.08
T10 (M1Lsl2) 0.05 0.09 0.07 0.06 0.1 0.08
T11 (M1Lsls) 0.05 0.08 0.07 0.06 0.09 0.08
T12 (M1Lsls) 0.05 0.07 0.06 0.06 0.08 0.07
T13 (M2L1l1) 0.05 0.08 0.07 0.06 0.09 0.08
T1a (M2L1l2) 0.07 0.09 0.08 0.08 0.1 0.09
T1s (M2L1ls3) 0.09 0.07 0.08 0.08 0.1 0.09
T16 (M2L1l4) 0.04 0.09 0.07 0.05 0.1 0.08
T17 (M2L2l1) 0.05 0.08 0.07 0.06 0.09 0.08
T1g (M2L2l2) 0.07 0.1 0.09 0.08 0.11 0.1
T19 (M2L2ls) 0.1 0.7 0.09 0.08 0.11 0.1
T20 (M2L2l4) 0.05 0.07 0.06 0.06 0.08 0.07
T21 (M2Lsl) 0.04 0.08 0.06 0.05 0.09 0.07
T22 (M2Lsl) 0.07 0.1 0.09 0.08 0.11 0.1
T23 (M2Lsls) 0.1 0.7 0.09 0.08 0.11 0.1
T24 (M2L3ls) 0.04 0.08 0.06 0.05 0.09 0.07

SEd (1) 0.01 0.01 0.01 0.01 0.01 0.01

CD (5%) 0.02 0.02 0.02 0.02 0.02 0.02

*DAP — Days after planting
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4.2.8 Nitrogen content in shoot (%)

Perusal of pooled data presented in Table 4.31 and Fig. 4.31 revealed
that there was significant effect of time and size of cutting and IBA concentration on
the nitrogen content in shoot. The highest nitrogen percentage (2.5 and 2.53 % at 40
DAP and 60 DAP respectively) of shoot was recorded in the cuttings taken in April.
The 20 cm size of cuttings recorded highest nitrogen content (2.59 and 2.63 % at 40
DAP and 60 DAP respectively) of shoot whereas the 10 cm size of cutting recorded
lowest nitrogen content (2.4 and 2.44 % at 40 DAP and 60 DAP respectively). The
IBA concentration of 250 ppm recorded highest nitrogen content (2.56 and 2.6 % at
40 DAP and 60 DAP respectively) of shoot whereas the control treatment recorded
lowest nitrogen content (2.36 and 2.4 % at 40 DAP and 60 DAP respectively) of
shoot. The pooled analysis data revealed that the effect of 500 ppm IBA concentration

was statistically at par with the 250 ppm IBA concentration.

The data pertaining to the interaction effect of time and size of cutting
and IBA concentration on the nitrogen content of shoot as presented in Table 4.32
and Fig. 4.32 revealed that there was significant interaction effect of the different
treatment combinations at both 40 DAP and 60 DAP. T2 recorded the highest
nitrogen content (2.71 and 2.75 % at 40 DAP and 60 DAP respectively) of shoot
whereas T4 recorded lowest nitrogen (2.32 and 2.36 % at 40 DAP and 60 DAP
respectively). The pooled analysis data revealed that the effects of the treatment

combinations viz., Ta3, T21, T10 and T11 were statistically at par with T2,.



89

Table 4.31 Effect of time and size of cutting and IBA concentration on the
nitrogen content in shoot (%)

Nitrogen content in shoot (%0)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M - January 2.45 2.47 2.46 2.44 2.49 247
Mz - April 2.47 2.52 2.5 2.5 2.57 2.53
SEd (+) 0.02 0.02 0.02 0.02 0.02 0.02
CD (5%) 0.03 0.04 0.04 0.04 0.04 0.04

Size of cutting

L1-10cm 2.37 2.42 2.4 2.4 2.47 244
L2-15cm 2.44 2.5 2.47 2.48 2.54 2.51
Ls-20cm 2.56 2.62 2.59 2.6 2.66 2.63
SEd () 0.02 0.02 0.02 0.02 0.02 0.02
CD (5%) 0.04 0.04 0.04 0.04 0.05 0.05

IBA concentration

l;-100 ppm  2.46 251 2.48 2.49 2.55 2.52
l2-250 ppm 253 2.59 2.56 2.57 2.63 2.6
l3-500 ppm 251 2.57 2.54 2.55 2.61 2.58
l4- 0 ppm 2.33 2.38 2.36 2.36 2.43 2.4
SEd (+) 0.02 0.02 0.02 0.02 0.03 0.03
CD (5%) 0.05 0.05 0.05 0.05 0.05 0.05

*DAP - Days after planting
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Table 4.32 Interaction effect of time and size of cutting and IBA concentration
on the nitrogen content in shoot (%)

Nitrogen content in shoot (%0)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 2.34 2.39 2.37 2.37 2.44 241
T2 (M1L1l2) 24 2.45 2.42 243 2.49 2.46
T3 (MiLil3) 2.4 2.46 2.43 2.44 2.5 2.47
T4 (MiLils) 2.29 2.35 2.32 2.33 2.39 2.36
Ts (Mi1lzly) 2.44 2.49 2.47 2.47 2.54 251
Te (M1L2l2) 2.5 2.56 2.53 2.54 2.6 2.57
T7 (M1L2l3) 2.46 2.52 2.49 2.5 2.56 2.53
Ts (M1l2ls) 231 2.37 2.34 2.35 241 2.38
To (M1Lsl1) 2.56 2.61 2.58 2.59 2.65 2.62
T10 (M1Lsl2) 2.66 2.71 2.69 2.69 2.76 2.73
T11 (M1Lsls) 2.63 2.69 2.66 2.67 2.73 2.7
T12 (M1Lsls) 2.35 2.4 2.38 2.38 2.45 242
T13 (M2L1l1) 2.36 242 2.39 24 2.46 243
T1a (M2L1l2) 2.42 2.47 2.45 245 2.52 2.49
T1s (M2L1ls3) 2.43 2.48 2.45 2.46 2.52 2.49
T16 (M2L1l4) 2.32 2.37 2.34 2.35 241 2.38
T17 (M2L2ly) 2.46 2.52 2.49 2.5 2.56 2.53
T1g (M2L2l2) 2.53 2.58 2.55 2.56 2.62 2.59
T19 (M2L2ls) 2.49 2.54 251 2.52 2.58 2.55
T20 (M2L2l4) 2.34 2.39 2.36 2.37 2.43 24
T21 (M2Lsl) 2.58 2.63 2.61 2.61 2.68 2.65
T22 (M2Lsl) 2.68 2.74 2.71 2.72 2.78 2.75
T23 (M2Lsls) 2.66 2.71 2.68 2.69 2.75 2.72
Toa (MaLsla) 2.37 2.43 2.4 2.41 2.47 2.44
SEd (1) 0.06 0.06 0.06 0.06 0.06 0.06
CD (5%) 0.12 0.12 0.12 0.12 0.13 0.13

*DAP — Days after planting
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4.2.9 Protein content in shoot (%0)

The protein content in shoot was significantly affected by time and size
of cutting and IBA concentration at both 40 DAP and 60 DAP (Table 4.33 and Fig.
4.33). The highest protein content (15.6 and 15.84 % at 40 DAP and 60 DAP,
respectively) of shoot was recorded in the cuttings of April month. The 20 cm size of
cuttings recorded highest protein content (16.18 and 16.42 % at 40 DAP and 60 DAP,
respectively) of shoot whereas the 10 cm size of cutting recorded lowest protein
content (14.98 and 15.22 % at 40 DAP and 60 DAP, respectively). The IBA
concentration of 250 ppm recorded highest protein content (15.99 and 16.23 % at 40
DAP and 60 DAP, respectively) of shoot whereas the control treatment recorded
lowest protein content (14.73 and 14.97 % at 40 DAP and 60 DAP, respectively) of
shoot. The pooled data analysis revealed that the effect of 500 ppm IBA concentration

is statistically at par with the 250 ppm IBA concentration.

The data pertaining to the interaction effect of time and size of cutting
and IBA concentration on the protein content of shoot as depicted in table 4.34 and
figure 4.34 revealed that there was significant interaction effect of the different
treatment combinations at both 40 DAP and 60 DAP. T2, recorded highest protein
content (16.94 and 17.18 % at 40 DAP and 60 DAP, respectively) of shoot whereas T4
recorded lowest protein content (14.5 and 14.74 % at 40 DAP and 60 DAP,
respectively). However, the effects of treatment combinations viz., T2, T21, T10 and

T11 were statistically at par with T2z.
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Table 4.33 Effect of time and size of cutting and IBA concentration on the
protein content in shoot (%0)

Protein content in shoot (%)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M;-January  15.14 15.16 15.15 1529  15.27 15.28
M2 - April 15.43 15.77 15.6 1564 1604 1584
SEd (+) 0.1 0.11 0.11 0.11 0.12 0.12
CD (5%) 0.21 0.22 0.22 0.22 0.23 0.23

Size of cutting

L1-10cm 14.81 15.15 14.98 15.02 15.42 15.22
L2-15cm 15.26 15.59 15.43 15.47 15.86 15.67
Ls-20cm 16.01 16.34 16.18 16.22 16.61 16.42
SEd () 0.13 0.13 0.13 0.13 0.14 0.14
CD (5%) 0.25 0.27 0.26 0.27 0.29 0.28

IBA concentration

l;-100 ppm 1536 15.69 15.52 1557  15.96 15.76
- 250 ppm  15.82 16.16 15.99 16.03  16.43 16.23
l3-500 ppm 157 16.03 15.86 15.91 16.3 16.1
l4- 0 ppm 1457 14.9 14.73 1477 1517 14.97
SEd (+) 0.15 0.15 0.15 0.15 0.16 0.16
CD (5%) 0.29 0.31 0.30 0.31 0.33 0.32

*DAP - Days after planting
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Table 4.34 Interaction effect of time and size of cutting and IBA concentration
on the protein content in shoot (%0)

Protein content in shoot (%)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Ti(Milil}) 1463 1496 1479 1483 1523 1503
To(Milal;) 1498 1531 1515 1519 1558  15.39
Ts(Milils) 1502 1535 1519 1523 1563 1543
Ta(Milals) 1433 1467 14.5 1454 1494 1474
Ts(Miloly) 1525 1558 1542 1546 1585  15.66
Te (Milol) 1565 1598 1581 1585 1625  16.05
T7 (MiLols) 15.4 1573 1556 15.6 16 15.8
Te(Milol) 1446 1479 1463 1467 1506  14.86
To(Milsl) 1598 1631 1615 1619 1658  16.39
Tio(MiLsl) 1663 1696 1679 1683  17.23  17.03
Ty (Milsls) 1646 1679 1663 1667  17.06  16.86

T12 (M1Lsls) 14.69 15.02 14.85 14.9 15.29 15.09
T13 (M2L1l1) 14.77 151 14.94 14.98 15.38 15.18
T14 (M2L1l2) 15.13 15.46 15.29 15.33 15.73 15.53
T1s (M2L1l3) 15.17 15.5 15.33 15.38 15.77 15.57
T16 (M2L1ls) 14.48 14.81 14.65 14.69 15.08 14.89
T17 (M2L211) 154 15.73 15.56 15.6 16 15.8
T1s (M2L2l2) 15.79 16.13 15.96 16 16.4 16.2

T19 (M2L2l3) 15.54 15.88 15.71 15.75 16.15 15.95
T20 (M2L2l4) 14.6 14.94 14.77 14.81 15.21 15.01
T21 (M2Lsl1) 16.13 16.46 16.29 16.33 16.73 16.53

T2o Molsly)  16.77 17.1 16.94 1698 1738  17.18
T (MoLsls) 166 1694  16.77 1681 1721  17.01
Tos (MoLsls) 1483 1517 15 1504 1544 1524
SEd (+) 0.36 0.38 0.37 0.38 0.4 0.39
CD (5%) 0.72 0.76 0.74 0.76 0.81 0.79

*DAP — Days after planting
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4.2.10 Total chlorophyll content in shoot (mg/g)

The data presented in Table 4.35 and Fig. 4.35 revealed that there was
significant effect of time and size of cutting and IBA concentration on the total
chlorophyll content. The highest chlorophyll content of shoot (0.38 and 0.44 mg/g at
40 DAP and 60 DAP, respectively) was recorded in the cuttings taken in April. The
20 cm size of cuttings recorded the highest chlorophyll content of shoot (0.39 and
0.45 mg/g at 40 DAP and 60 DAP, respectively) whereas the 10 cm size of cutting
recorded lowest chlorophyll content (0.33 and 0.39 mg/g at 40 DAP and 60 DAP,
respectively) of shoot. Moreover, it was found that the effect of 15 cm size of cutting
was statistically at par with the 20 cm size of cutting. The 250 ppm IBA treated
cuttings recorded highest chlorophyll content (0.39 and 0.45 mg/g at 40 DAP and 60
DAP, respectively) of shoot whereas the non-treated cuttings recorded lowest
chlorophyll content (0.32 and 0.33 mg/g at 40 DAP and 60 DAP respectively) of
shoot. The pooled analysis data revealed that the effect of 500 ppm IBA concentration

was statistically at par with the 250 ppm IBA concentration.

The treatment combinations had significant interaction effect on the
chlorophyll content in shoot (Table 4.36, Fig. 4.36). T2> recorded the highest total
chlorophyll content (0.45 and 0.51 mg/g at 40 DAP and 60 DAP, respectively) of
shoot whereas T4 recorded the lowest total chlorophyll content (0.27 and 0.28 mg/g at
40 DAP and 60 DAP, respectively) of shoot. The pooled analysis data revealed that
the effects of the treatment combinations viz., T2z, T21, T19, T1s, T17, T14, T1s, T11, T1o
and Tg were statistically at par with Ta».
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Table 4.35 Effect of time and size of cutting and IBA concentration on the total
chlorophyll content of shoot (mg/g)

Total chlorophyll content of shoot (mg/g)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M; - January 0.3 0.37 0.34 0.34 0.41 0.38
M - April 0.35 0.42 0.38 0.39 0.49 0.44
SEd (+) 0.01 0.01 0.01 0.01 0.02 0.02
CD (5%) 0.02 0.02 0.02 0.04 0.04 0.04

Size of cutting

L1-10cm 0.29 0.36 0.33 0.36 0.38 0.37
L2-15cm 0.32 0.39 0.36 0.37 0.47 0.42
Ls-20cm 0.36 0.43 0.39 0.41 0.5 0.45
SEd () 0.01 0.02 0.02 0.01 0.03 0.02
CD (5%) 0.02 0.04 0.03 0.02 0.06 0.04

IBA concentration

l;-100 ppm  0.33 0.4 0.36 0.33 0.35 0.34
l,-250 ppm  0.35 0.42 0.39 0.4 0.5 0.45
I3-500 ppm  0.34 0.41 0.37 0.38 0.48 0.43
l4- 0 ppm 0.28 0.35 0.32 0.33 0.32 0.33
SEd (+) 0.01 0.02 0.02 0.01 0.03 0.02
CD (5%) 0.02 0.04 0.03 0.02 0.06 0.04

*DAP - Days after planting
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Table 4.36 Interaction effect of time and size of cutting and IBA concentration
on the total chlorophyll content of shoot (mg/g)

Total chlorophyll content of shoot (mg/g)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 0.27 0.34 0.3 0.23 0.35 0.29
T2 (M1L1l2) 0.28 0.35 0.32 0.33 0.43 0.38
T3 (Mi1lls) 0.27 0.35 0.31 0.32 0.42 0.37
T4 (MiLils) 0.25 0.29 0.27 0.23 0.34 0.28
Ts (MiL2ly) 0.3 0.37 0.33 0.34 0.44 0.39
Te (M1L2l2) 0.33 0.4 0.37 0.38 0.47 0.43
T7 (M1L2l3) 0.31 0.38 0.35 0.36 0.46 0.41
Ts (M1l2ls) 0.26 0.33 0.29 0.24 0.35 0.29
To (M1Lsl1) 0.34 0.41 0.38 0.39 0.49 0.44
T10 (M1L3l2) 0.37 0.44 0.4 0.41 0.51 0.46
T1u1 (M1Lsls) 0.35 0.43 0.39 0.4 0.5 0.45
T12 (M1Lsls) 0.27 0.34 0.31 0.32 0.42 0.37
T13 (M2L1l1) 0.31 0.38 0.35 0.36 0.46 0.41
T1a (M2L1l2) 0.33 0.4 0.37 0.38 0.48 0.43
T1s (M2L1ls3) 0.32 0.39 0.36 0.37 0.47 0.42
T16 (M2L1l4) 0.3 0.37 0.33 0.34 0.44 0.39
T17 (M2L2ly) 0.34 0.41 0.38 0.39 0.49 0.44
T1g (M2L2l2) 0.38 0.45 041 0.42 0.52 0.47
T19 (M2L2l3) 0.36 0.43 0.39 0.41 0.5 0.46
T20 (M2L2l4) 0.31 0.38 0.34 0.35 0.45 04
T21 (M2Lsl) 0.39 0.46 0.43 0.44 0.53 0.49
T22 (M2Lsl) 041 0.48 0.45 0.46 0.56 0.51
T23 (M2Lsls) 0.4 0.47 0.44 0.45 0.55 0.5
T24 (M2Lslsg) 0.32 0.39 0.36 0.37 0.47 0.42
SEd (1) 0.02 0.05 0.04 0.03 0.08 0.06
CD (5%) 0.04 0.09 0.07 0.09 0.16 0.12

*DAP — Days after planting
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4.2.11 Thickness of vascular cambium of shoot (mm)

The thickness of the vascular cambium of shoot varied significantly
with the time and size of cutting and IBA concentration (Table 4.37, Fig. 4.37). The
highest thickness (0.07 and 0.08 mm at 40 DAP and 60 DAP respectively) of the
vascular cambium of shoot was recorded in the cuttings taken in April. The pooled
analysis data revealed that, 20 cm size of cuttings recorded highest vascular cambium
thickness (0.1 and 0.11 mm at 40 DAP and 60 DAP, respectively) of shoot whereas
the 10 cm size of cuttings recorded lowest vascular cambium thickness of shoot (0.04
and 0.05 mm at 40 DAP and 60 DAP, respectively). The IBA concentration of 250
ppm recorded highest vascular cambium thickness of shoot (0.08 and 0.1 mm at 40
DAP and 60 DAP, respectively) whereas the control treatment recorded lowest
vascular cambium thickness of shoot (0.04 and 0.06 mm at 40 DAP and 60 DAP.

respectively).

Perusal of pooled data presented in Table 4.38 and Fig. 4.38 revealed
that there was significant interaction effect of the different treatment combinations at
both 40 DAP and 60 DAP. T2, recorded highest thickness (0.12 mm at 40 DAP; 0.15
mm at 60 DAP) of vascular cambium of shoot whereas T4 recorded the least thickness
(0.03 mm at 40 DAP; 0.04 mm at 60 DAP). Moreover, it was found that the effect of

T3 was statistically at par with T2.
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Table 4.37 Effect of time and size of cutting and IBA concentration on the
vascular cambium thickness of shoot (mm)

Vascular cambium thickness of shoot (mm)

Treatment 40 DAP 60 DAP

2020 2021 Pooled 2020 2021 Pooled

Time of cutting

M;-January  0.03 0.04 0.04 0.04 0.05 0.05
M2 - April 0.06 0.07 0.07 0.08 0.08 0.08
SEd (+) 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.02 0.02 0.02 0.02 0.02

Size of cutting

L1-10cm 0.03 0.04 0.04 0.04 0.05 0.05
L2-15cm 0.05 0.06 0.06 0.06 0.07 0.07
Ls-20cm 0.09 0.1 0.1 0.11 0.11 0.11
SEd () 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.03 0.03 0.02 0.02 0.02

IBA concentration

l;-100 ppm  0.05 0.04 0.05 0.06 0.07 0.07
l,-250 ppm  0.07 0.08 0.08 0.09 0.1 0.1
l3-500 ppm  0.05 0.06 0.06 0.07 0.08 0.08
l4- 0 ppm 0.04 0.05 0.04 0.05 0.07 0.06
SEd (+) 0.01 0.01 0.01 0.01 0.01 0.01
CD (5%) 0.02 0.02 0.02 0.03 0.02 0.02

*DAP - Days after planting
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Table 4.38 Interaction effect of time and size of cutting and IBA concentration
on the vascular cambium thickness of shoot (mm)

Vascular cambium thickness of shoot (mm)

Treatment
Combination 40 DAP 00 DAP
2020 2021 Pooled 2020 2021 Pooled
T1 (M1Lal1) 0.03 0.04 0.04 0.04 0.05 0.04
T2 (M1L1l2) 0.04 0.03 0.04 0.05 0.06 0.05
T3 (MiLls) 0.03 0.04 0.04 0.05 0.05 0.05
Ta(MiLila) 0.02 0.03 0.03 0.04 0.04 0.04
Ts (MiL2ly) 0.04 0.05 0.05 0.06 0.06 0.06
Te (M1L2l2) 0.07 0.07 0.07 0.08 0.09 0.09
T7 (M1L2l3) 0.05 0.06 0.06 0.07 0.08 0.08
Ts (M1l2ls) 0.04 0.05 0.05 0.06 0.06 0.06
To (M1Lsl1) 0.08 0.09 0.09 0.1 0.1 0.1
T10 (M1Lsl2) 0.1 0.11 0.11 0.12 0.13 0.13
T11 (M1Lsls) 0.1 0.09 0.1 0.11 0.12 0.12
T12 (M1Lslg) 0.07 0.08 0.07 0.09 0.09 0.09
T13 (M2L1l1) 0.03 0.04 0.03 0.04 0.05 0.05
T1a (M2L1l2) 0.04 0.05 0.04 0.05 0.06 0.06
T1s (M2L1l3) 0.04 0.04 0.04 0.05 0.06 0.06
T16 (M2L1l4) 0.03 0.03 0.03 0.04 0.05 0.05
T17 (M2L2ly) 0.05 0.04 0.05 0.06 0.07 0.07
T1g (M2L2l2) 0.07 0.08 0.08 0.09 0.08 0.09
T19 (M2L2l3) 0.06 0.07 0.07 0.07 0.08 0.08
T20 (M2L2l4) 0.05 0.04 0.05 0.06 0.07 0.07
T21 (M2Lsl1) 0.08 0.09 0.09 0.1 0.11 0.11
T22 (M2Lsly) 0.11 0.12 0.12 0.14 0.15 0.15
T23 (M2Lsls) 0.1 0.11 0.1 0.11 0.12 0.12
T24 (M2Lsls) 0.08 0.08 0.08 0.09 0.1 0.1
SEd (1) 0.01 0.02 0.02 0.01 0.03 0.02
CD (5%) 0.02 0.04 0.03 0.02 0.06 0.04

*DAP — Days after planting
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4.3 Survival of the saplings (%)

The survival of the saplings were significantly affected by the time and
size of cutting and IBA concentration (Table 4.39, Fig. 4.39). The highest survival
(98.13 %) was recorded in the cuttings taken in April. The 20 cm size of cuttings
recorded highest survival (99.17 %) whereas the 10 cm size of cuttings recorded
lowest survival (95.42 %). Moreover, it was observed that the survival of 15 cm size
of cuttings was statistically at par with the 20 cm size of cuttings. The IBA
concentration of 250 ppm recorded the highest survival (99.17 %) whereas the control
treatment recorded lowest survival (95.83 %). The pooled analysis data revealed that
the effect of 500 ppm IBA concentration was statistically at par with the 250 ppm

IBA concentration.

The treatment combinations had a significant interaction effect on the
survival of the saplings (Table 4.40, Fig. 4.40). The treatment combinations viz., Ta3,
T22, T19, T1s, T11 and T1o recorded highest survival (100 %) of the saplings whereas T4

recorded lowest survival (92.5%) of the saplings.
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Table 4.39 Effect of time and size of cutting and IBA concentration on the
survival of the saplings (%0)

Treatment Survival of saplings (%)

2020 2021 Pooled

Time of cutting

M - January 94.98 96.02 95.01
M - April 97.64 98.61 98.13
SEd (4) 1.13 1.2 1.17
CD (5%) 2.26 2.4 2.33

Size of cutting

L1-10 cm 94.58 96.25 95.42
L2 -15¢cm 97.92 98.33 98.13
Ls - 20 cm 98.75 99.58 99.17
SEd (+) 1.38 1.47 1.43
CD (5%) 2.78 2.97 2.88

IBA concentration

l; - 100 ppm 95.66 97.68 95.67
Iz - 250 ppm 98.89 99.44 99.17
I5- 500 ppm 98.33 98.89 98.61
l4- 0 ppm 95.04 95.02 95.03
SEd (4) 1.6 1.7 1.65
CD (5%) 3.21 3.42 3.32

*DAP - Days after planting
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Table 4.40 Interaction effect of time and size of cutting and IBA concentration
on the survival of the saplings (%)

Survival of saplings (%0)

Treatment
2020 2021 Pooled

T1 (M1lsly) 90 90.17 90.09
T2 (MiL1l2) 96.67 98.33 97.5
T3 (Mills) 95 96.67 95.83
Ta(MiLils) 90 90 90
Ts (M1L2l1) 90 91.17 90.09
Te (M1L2l2) 98.33 98.33 98.33
T7 (M1Lzls) 98.33 98.33 98.33
Ts (Mil2ls) 91.17 90.67 90.92
To (MilLsly) 98.33 100 99.17
T10 (M1Lsl2) 100 100 100
T11 (M1Lsls) 100 100 100
T12 (M1Lsls) 91.17 91.17 91.17
T13 (M2L1l1) 93.33 95 94.17
T1a (M2L1l2) 98.33 100 99.17
Tis (M2L1ls) 96.67 98.33 97.5
T16 (M2L1ls) 93.33 95 94.17
T17 (M2L2l1) 98.33 98.33 98.33
T (M2L2l2) 100 100 100
T19 (M2L2153) 100 100 100
T20 (M2L2l4) 96.67 98.33 97.5
T21 (M2Lalz) 98.33 100 99.17
T22 (M2Lsl2) 100 100 100
T2 (M2Lsls) 100 100 100
T24 (M2Lsls) 96.67 98.33 97.5

SEd (+) 3.91 4.17 4.04

CD (5%) 7.82 8.34 8.08

*DAP — Days after planting
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4.4 Cost analysis

Computation of individual treatment combination cost analysis (Table
4.41) showed that the highest cost (Rs. 26.12/-) was involved in Lzl which was
followed by Lzl> whereas the lowest cost was recorded in Lil4(Rs.15.82/-) followed
by Lil1.. Though the treatment combination cost was the lowest in Lils, it required
more days for root formation (26 and 28 days in April and January cuttings,
respectively). Although the cost involvement in Lslz and Lsl> was the highest, it took
minimum days for root formation (14 and 18 days, in April and January cuttings

respectively).

Table 4.41 Estimation of individual treatment combination cost (Rs per sapling)

Treatment  Costof Costof Costof Labour Cost Costof  Total
Combination Polybag Cutting Polybag  cost of Other Cost
(Rs) (Rs)  Mixture (Rs) IBA operations (Rs)

(Rs) (Rs) (Rs)
Lila 1.23 10 0.21 3.38 0.06 1 15.88
L.l> 1.23 10 0.21 3.38 0.15 1 15.97
Lils 1.23 10 0.21 3.38 0.3 1 16.12
Lils 1.23 10 0.21 3.38 0 1 15.82
Lala 1.23 15 0.21 3.38 0.06 1 20.88
Lal2 1.23 15 0.21 3.38 0.15 1 20.97
Lals 1.23 15 0.21 3.38 0.3 1 21.12
Lals 1.23 15 0.21 3.38 0 1 20.82
Laly 1.23 20 0.21 338  0.06 1 25.88
Lsl2 1.23 20 0.21 3.38 0.15 1 25.97
Lsls 1.23 20 0.21 3.38 0.3 1 26.12

Lsls 1.23 20 0.21 3.38 0 1 25.82




CHAPTER YV
DISCUSSION

In the present chapter, an attempt has been made to justify the causes
of variability among different treatments. Changes in root and shoot growth of dragon
fruit saplings were observed to be affected by the time and size of cutting and IBA
concentration. Moreover, the climatic conditions also supplemented to the variation
in growth and development among the different treatments. Thus, the standardisation
of appropriate time and size of cutting and IBA concentration for a particular agro
climatic region is a critical factor for successful commercial propagation of dragon

fruit cuttings.

The salient findings of the present investigation are discussed critically

with logistic views under the following heads:
5.1 Changes in root growth parameters
5.2 Changes in shoot growth parameters
5.3 Biochemical changes in shoot
5.4 Changes in vascular cambium
5.5 Survival of saplings

5.1 Changes in root growth parameters

There was significant variation in days required for root formation
among the different treatments. Early root formation was obtained in the cuttings of
April month (18.09 days). This may be due to higher levels of carbohydrates, shoot
RNA, proteins and endogenous auxins in the cuttings of the April month. For the
initiation of the cell division of the root initials, a certain level of protein and DNA
synthesis is required and the gene regulation for protein and DNA synthesis is
regulated by increased shoot RNA activity (Davies, 1984). Moreover, higher
endogenous auxins in the cuttings may increase the cambial activity, resulting in the
early root initiation (Wodzicki, 1978). A relatively higher temperature (Table 3.1)
may also be responsible for the early root formation in the April cuttings (Almeida et

al., 2017). The cuttings of 20 cm size recorded early root formation (18.46 days)
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whereas late root formation was obtained in cuttings of 10 cm size (22 days). The 20
cm size of cuttings may have more carbohydrate reserves as compared to the smaller
size of cuttings. Moreover, due to the larger surface area in 20 cm size of cuttings as
compared to the smaller sizes, the 20 cm sized cuttings may have more chlorophyll
concentration as a result of which more photosynthates may be produced in the 20 cm
size of cuttings. The IBA concentration of 500 ppm led to early root formation (15.06
days). This may be ascribed to the rapid hydrolysis of reserve carbohydrates in the
cuttings by the higher concentration of IBA (Chandramouli, 2001). The hydrolysed
carbohydrates provide energy through respiratory activity for the initiation of the
roots. The treatment without IBA delayed root formation (25.89 days). Among the
interaction effects T2z recorded early root formation (14 days) and T4 delayed root
formation (28 days) This may be due to the combined effect of the levels of the three
factors in the experiment that led to early root formation. Similar, results were
reported in dragon fruit stem cuttings by Minz (2020) and Siddiqua and Thippesha
(2018) .

The treatments showed significant difference with respect to number
of roots. Highest root number was recorded in the cuttings of April (10.79 at 40 DAP
; 12.79 at 60 DAP). The cuttings of April month may have higher levels of
carbohydrates, shoot RNA, proteins and endogenous auxins which may favour in the
formation of more root initials (Wodzicki, 1978). Cuttings taken in the month of
April having more C:N ratio, total carbohydrate and total nitrogen levels have been
reported to influence the adventitious rooting of plant species (Druege et al., 2004).
Highest root number (12.81 at 40 DAP ; 14.81 at 60 DAP) was recorded in cuttings
of 20 cm size whereas lowest root number (7.25 at 40 DAP ; 9.25 at 60 DAP) was
recorded in cuttings of 10 cm size. A relatively higher levels of carbohydrate reserves
and more photosynthates production due to higher chlorophyll content may be
responsible for higher number of roots in the 20 cm sized cuttings. The IBA
concentration of 250 ppm recorded highest root numbers (13.97 at 40 DAP ; 15.97 at
60 DAP) whereas the control treatment recorded lowest root numbers (5.82 at 40
DAP ; 7.82 at 60 DAP). Rapid hydrolysis of stored carbohydrates into
physiologically active forms of sugars by the higher concentration of IBA may be
responsible for higher number of roots in the 250 ppm IBA treated cuttings

(Chandramouli, 2001). There exists a correlation between primordia division in root
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initiation and endogenous or exogenous auxin level. The roots are vital organ for
anchorage and absorption of water and nutrients from the soil for better growth of
cuttings. This finding is supported by Fathi and Ismailpor (2000) who reported that
auxin enhances the root formation in cuttings. Relatively lower numbers (11.11 at 40
DAP ; 13.11 at 60 DAP) of roots were recorded in 500 ppm treated cutting which
may be due to the toxicity produced by auxins at higher concentrations (Tien et al.,
2020 ; Aminah et al., 1995 ; Karimi and Yadollahi, 2012 ; Eliasson and Areblad,
1984). T2 recorded the highest root number (18.84 at 40 DAP ; 20.83 at 60 DAP)
whereas T4 recorded the lowest root number (3.63 at 40 DAP ; 5.63 at 60 DAP). The
results obtained were in concurrence with the results of Malswamkimi et al. (2019)
and Ahmad et al. (2016).

The treatments showed profound difference with respect to the root
length. Highest root length (10.79 cm at 40 DAP ; 12.79 cm at 60 DAP) was
recorded in the cuttings of April month. The cuttings of April month may have higher
levels of carbohydrates and endogenous auxins which may cause rapid cell division
in the meristematic tissues of the root tip thus leading to the elongation of the roots
(Molnar and Croix, 1972) . Highest root length (12.81 cm at 40 DAP ; 14.81 cm at 60
DAP) was recorded in cuttings of 20 cm size whereas lowest root length (7.25 cm at
40 DAP ; 9.25 cm at 60 DAP) was recorded in cuttings of 10 cm size. A relatively
higher levels of carbohydrate reserves and more photosynthates production due to
higher chlorophyll content as a result of higher surface area may be responsible for
the higher root length in the 20 cm sized cuttings. The IBA concentration of 250 ppm
recorded the highest root length (13.97 cm at 40 DAP ; 15.97 cm at 60 DAP) whereas
the control treatment recorded the lowest root length (5.82 cm at 40 DAP ; 7.82 cm at
60 DAP). Rapid hydrolysis of stored carbohydrates in the cuttings by the higher
concentration of IBA may be responsible for higher length of the roots in the 250
ppm IBA treated cuttings (Chandramouli, 2001). Relatively lower length (11.11 cm at
40 DAP ; 13.11 cm at 60 DAP) of the roots were recorded in 500 ppm treated cutting
which may be due to the toxicity produced by auxins at higher concentrations (Tien et
al., 2020 ; Aminah et al., 1995 ; Karimi and Yadollahi, 2012 ; Eliasson and Areblad,
1984). Highest root length (18.83 cm at 40 DAP ; 20.83 cm at 60 DAP) was recorded
in T22 whereas lowest root length (3.63 cm at 40 DAP ; 5.63 cm at 60 DAP) was

recorded in T4. The combination of the specific levels of the three factors that led to
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higher length of the roots may be responsible for the higher length of the roots in Tz.
Similar results were also reported by Ahmad et al. (2016) and Minz (2020).

The treatments revealed remarkable variation in respect of the length
of the longest root. Longest root (11.94 cm at 40 DAP ; 14.94 cm at 60 DAP) was
recorded in the cuttings of April month. The higher levels of carbohydrates and
endogenous auxins in the April cuttings may supplement in the increased cell division
in the meristematic tissues of the root tip thus helping in elongation of the root
(Davies, 1984). Longest root (14.37 cm at 40 DAP ; 17.37 cm at 60 DAP) was
achieved in cuttings of 20 cm size whereas the lowest length of the longest root (8.15
cm at 40 DAP ; 11.15 cm at 60 DAP) was obtained in cuttings of 10 cm size. More
photosynthates production due to higher chlorophyll content as a result of higher
surface area and higher levels of carbohydrate reserves in the April cuttings may
attribute to the length of the longest root. The IBA concentration of 500 ppm recorded
the longest root (14 cm at 40 DAP ; 17 cm at 60 DAP) whereas the control treatment
recorded the shortest length (7.82 cm at 40 DAP ; 10.82 cm at 60 DAP) of the longest
root. At 500 ppm IBA concentration there may be rapid hydrolysis of the stored
carbohydrates which may have supplemented to the longest root length. Among the
interaction effects, T2 recorded longest root (16.28 cm at 40 DAP ; 19.28 cm at 60
DAP) and T4 recorded shortest length of the longest root (4.92 cm at 40 DAP ; 7.92
cm at 60 DAP). This may be due to the combined effect of the levels of the three
factors in the experiment that led to the longest roots. The results were in agreement
with the previous works by Malswamkimi et al. (2019) and Siddiqua and Thippesha
(2018).

A significant variation in the diameter of the longest root was noticed
among the different treatments. The diameter of the longest root was highest (0.52
mm at 40 DAP ; 0.77 mm at 60 DAP) in the cuttings of April month. The higher
levels of carbohydrates and endogenous auxins in the April cuttings may increase the
cell division in the lateral meristem of roots thus leading to thicker roots with
increased diameter (Wodzicki, 1978). The diameter of the longest root was highest
(0.62 mm at 40 DAP ; 0.87 mm at 60 DAP) in cuttings of 20 cm size whereas lowest
diameter (0.4 mm at 40 DAP ; 0.65 mm at 60 DAP) was recorded in cuttings of 10
cm size. The 20 cm size of cuttings may have more carbohydrate reserves as

compared to the smaller size of cuttings. Moreover, due to the larger surface area in
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20 cm size of cuttings as compared to the smaller sizes, the 20 cm sized cuttings may
have more chlorophyll concentration as a result of which more photosynthates may
be produced in the 20 cm size of cuttings. The IBA concentration of 250 ppm
recorded the highest diameter (0.66 mm at 40 DAP ; 0.91 mm at 60 DAP) of the
longest root whereas the control treatment recorded the lowest diameter (0.29 mm at
40 DAP 0.54 mm at 60 DAP). This may be attributed to the rapid hydrolysis of stored
carbohydrates into physiologically active forms of sugars by the higher concentration
of IBA (Chandramouli, 2001). The hydrolysed carbohydrates provides energy
through respiratory activity for the cell division in the lateral meristematic tissues of
the roots. Among the interaction effects T22 recorded highest root diameter (0.78 mm
at 40 DAP ; 1.04 mm at 60 DAP) whereas the T4 recorded lowest root diameter (0.23
mm at 40 DAP ; 0.48 mm at 60 DAP). This may be due to the combined effect of the
levels of the three factors in the experiment that led to the increased root diameter.
Similar results were reported in dragon fruit stem cuttings by Ahmad et al. (2016),
Siddiqua and Thippesha (2018) and Malswamkimi et al. (2019).

The treatments revealed significant variation for the fresh weight of
the roots. The highest root fresh weight (1.09 g at 40 DAP; 1.42 g at 60 DAP) was
obtained in the cuttings of April month. The higher number of roots as a result of
higher cambial activity brought about by higher levels of endogenous auxins may be
responsible for the higher root fresh weight in April month cuttings (Davies, 1984).
Due to higher number of roots there may be higher absorption of water and minerals
which may also increase the root fresh weight. The root fresh weight was highest
(1.26 g at 40 DAP ; 1.58 g at 60 DAP) in the cuttings of 20 cm size whereas lowest
(0.91 g at 40 DAP ; 1.24 g at 60 DAP) root fresh weight was achieved in the cuttings
of 10 cm size. A relatively higher levels of carbohydrate reserves and more
photosynthates production due to higher chlorophyll content as a result of higher
surface area may be responsible for higher fresh weight of the roots in the 20 cm
sized cuttings. The IBA concentration of 250 ppm recorded the highest root fresh
weight (1.23 g at 40 DAP ; 1.56 g at 60 DAP) whereas the control treatment recorded
the lowest root fresh weight (0.79 g at 40 DAP ; 1.12 g at 60 DAP). Rapid hydrolysis
of stored carbohydrates into physiologically active forms of sugars by the higher
concentration of IBA may increase the plant metabolism thus supplementing to the
root fresh weight. Relatively lower root fresh weight (1.21 g at 40 DAP ; 1.53 g at 60
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DAP) was recorded in 500 ppm IBA treated cutting which may be attributed to the
toxic symptoms produced by auxins at higher concentrations (Tien et al., 2020 ;
Aminah et al., 1995 ; Karimi and Yadollahi, 2012 ; Eliasson and Areblad, 1984). The
highest root fresh weight (1.46 g at 40 DAP ; 1.79 g at 60 DAP) was achieved in the
T22 whereas lowest root fresh weight (0.72 g at 40 DAP ; 1.05 g at 60 DAP) was
recorded in the T4. This is in agreement with the findings of Malswamkimi et al.
(2019) and Minz (2020).

The root dry weight varied significantly due to various treatments. The
highest root dry weight (0.40 g at 40 DAP ; 0.62 g at 60 DAP) was obtained in the
cuttings of April month. In April month, there may be higher cambial activity due to
higher levels of endogenous auxins which may increase the number of roots thus
increasing the root dry weight (Wodzicki, 1978). Higher absorption of water and
minerals due to increased number of roots in the April month cuttings may also
increase the metabolic activity which in turn may increase the root dry weight. The
root dry weight was highest (0.42 g at 40 DAP ; 0.63 g at 60 DAP) in the cuttings of
20 cm size whereas lowest root dry weight (0.32 g at 40 DAP ; 0.53 g at 60 DAP)
was found in the cuttings of 10 cm size. The 20 cm size of cuttings may have more
carbohydrate reserves as compared to the smaller size of cuttings. Moreover, due to
the larger surface area in 20 cm size of cuttings as compared to the smaller sizes, the
20 cm sized cuttings may have more chlorophyll concentration as a result of which
more photosynthates may be produced in the 20 cm size of cuttings. The IBA
concentration of 250 ppm recorded the highest root dry weight (0.41 g at 40 DAP ;
0.63 g at 60 DAP ) whereas the control treatment recorded the lowest root dry weight
(0.29 g at 40 DAP ; 0.51 g at 60 DAP). Rapid hydrolysis of stored carbohydrates into
physiologically active forms of sugars by the higher concentration of IBA may be
responsible for the higher root dry weight in the 250 ppm IBA treated cuttings
(Chandramouli, 2001). Relatively lower dry weight (0.40 g at 40 DAP ; 0.62 g at 60
DAP) of the roots were recorded in 500 ppm treated cutting which may be due to the
toxicity produced by auxins at higher concentrations (Tien et al., 2020 ; Aminah et
al., 1995 ; Karimi and Yadollahi, 2012 ; Eliasson and Areblad, 1984). Among the
interaction effects the T2> (0.50 g at 40 DAP ; 0.71 g at 60 DAP) recorded highest
root dry weight whereas the T4 recorded lowest root dry weight (0.24 g at 40 DAP ;
0.45 g at 60 DAP). This may be due to the combined effect of the levels of the three
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factors in the experiment that led to the increased root dry weight. Similar results

were also reported by Malswamkimi et al. (2019) and Minz (2020).

The treatments revealed significant variation with respect to the
rooting percentage. The higher rooting percentage (82.15 and 97.15 % at 40 DAP and
60 DAP respectively) obtained in the cuttings of April month may have higher levels
of carbohydrates, shoot RNA, proteins and endogenous auxins (Davies, 1984).
Relatively higher levels of carbohydrate reserves and more photosynthates production
might have contributed in higher rooting percentage (83.75 and 98.75 % at 40 DAP
and 60 DAP respectively) in the 20 cm sized cuttings.

The IBA concentration of 250 ppm led to the highest rooting
percentage (85.23 and 99.19 % at 40 DAP and 60 DAP respectively) whereas the
control treatment recorded the lowest rooting percentage (77.78 and 92.78 % at 40
DAP and 60 DAP respectively). Rapid hydrolysis of stored carbohydrates in the
cuttings by the higher concentration of IBA may be responsible for higher rooting
percentage in the 250 ppm IBA treated cuttings. Auxins induce stimulus for
regeneration of roots by promotion of hydrolysis, mobilization and utilization of

nutritional reserves in the region of root and shoot formation (Nanda, 1975).

Relatively lower rooting percentage (84.17 % at 40 DAP ; 99.17 % at
60 DAP) was recorded in 500 ppm IBA treated cutting which may be attributed to the
toxicity produced by auxins at higher concentrations (Tien et al., 2020 ; Aminah et
al., 1995 ; Karimi and Yadollahi, 2012 ; Eliasson and Areblad, 1984). The highest
rooting percentage (85 and 100 % at 40 DAP and 60 DAP respectively) was in the
Tos followed by T2o. Similar results were reported by Malswamkimi et al. (2019) and
Siddiqua and Thippesha (2018).

5.2 Changes in shoot growth parameters

A significant variation in the days required for shoot initiation was
noticed among the different treatments. Minimum days (33.44 days) for shoot
initiation was recorded in the cuttings of April month. The higher levels of
endogenous auxins and reserved carbohydrates in the April month cuttings may
increase the rate of cell division in the meristematic tissues of vegetative buds present
in the cuttings thus leading to early shoot initiation (Davies, 1984; Molnar and Croix,
1972; Wodzicki, 1978). Moreover, the early roots with increased length and number
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may also be responsible for the early shoot initiation in the April month cuttings. The
20 cm size of cuttings recorded early shoot initiation (29.58 days). The larger size
cuttings may have more carbohydrate reserves as compared to the smaller size of
cuttings. Moreover, due to the larger surface area as compared to the smaller sizes,
the 20 cm sized cuttings may have more chlorophyll concentration as a result of
which the cuttings may get proper nourishment for shoot initiation through increased
photosynthates production. The early root initiation may also be responsible for the
early shoot initiation in the larger sized cuttings. The IBA concentration of 250 ppm
recorded early shoot initiation (29.44 days). This may be attributed to the rapid
hydrolysis of stored carbohydrates into physiologically active forms of sugars which
may favour the shoot initiation. Combined effect of appropriate size and time of
cuttings and IBA concentration resulted in early shoot initiation (22.33 days). The
results were in agreement with the previous works by Minz (2020), Siddiqua and
Thippesha (2018) and Malswamkimi et al. (2019).

The shoot numbers varied significantly due to treatments. The cuttings
taken in the month of April may have higher levels of carbohydrates and endogenous
auxins which may increase the cell division in the vegetative buds of the cuttings thus
leading to more number of shoots (3.32 and 4.66 at 40 DAP and 60 DAP
respectively) Similar results were also repoted by Davies, 1984; Molnar and Croix,
1972; Wodzicki, 1978. Better root growth during that period might have enhanced
absorption of water and minerals leading to better nourishment to the cuttings which
in turn may have increased the number off shoots. Larger sized cuttings (20 cm) had
relatively higher levels of carbohydrate reserves and more photosynthates production
leading to higher number of shoots (3.1 and 4.43 at 40 DAP and 60 DAP
respectively). Rapid hydrolysis of stored carbohydrates into physiologically active
forms of sugars by the higher concentration of IBA may be responsible for higher
shoot number (3.18 and 5.01 at 40 DAP and 60 DAP respectively) in the 250 ppm
IBA treated cuttings. Similar results were reported by Malswamkimi et al. (2019),
Minz (2020) and Siddiqua and Thippesha (2018).

The treatments showed significant difference with respect to the length
of primary shoots. Early root and shoot initiation may be responsible for longer
primary shoots (13.29 and 14.63 cm at 40 DAP and 60 DAP respectively) in the April
month cuttings. This may also be attributed to the higher levels of carbohydrates and
endogenous auxins in the April cuttings which may increase the rate of cell division
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in the meristematic tissues of the shoot tip thus helping in the shoot elongation
(Davies, 1984; Molnar and Croix, 1972; Wodzicki, 1978). Larger size cuttings (20
cm) gave longest primary shoot due to more carbohydrate reserves. The 250 ppm
IBA solution may cause rapid hydrolysis of the reserved carbohydrates thus providing
more energy through respiratory activity resulting in longest primary shoot (14.97
and 16.3 cm at 40 DAP and 60 DAP respectively). Reddy et al. (2005) reported that
auxin cause increased linear growth of stem due to cell elongation and maximum
shoot length was recorded with the application of auxin (IBA, NAA). T2 recorded
highest length (21.37 and 22.7 cm at 40 DAP and 60 DAP respectively) of primary
shoots. Similar results were reported by Malswamkimi et al. (2019). There was also
significant variation in length of secondary shoots among the treatments as that of

primary shoots.

The shoot fresh and dry weight varied significantly due to various
treatments (Table 4.25 and 4.27). The higher number of roots with better lengths in
the April cuttings may have led to better absorption of water and minerals which may
increase the shoot fresh and dry weight. A relatively higher number of shoots with
better lengths may also supplement to the fresh and dry weight of shoots in the April
month cuttings. The 20 cm size of cuttings may have more carbohydrate reserves as
compared to the smaller size of cuttings. Moreover, due to the larger surface area in
20 cm size of cuttings as compared to the smaller sizes, more photosynthates may be
produced due to higher chlorophyll concentration which may increase the shoot fresh
and dry weight. The 250 ppm IBA solution may have caused rapid hydrolysis of the
reserved carbohydrates into physiologically active forms of sugars which may boost
the plant metabolism to increase the shoot fresh and dry weight. The increase in shoot
weight might be due to IBA treatment, which results in early sprouting, increase in
number of leaves and leaf area and well developed shoot system. The results are in
agreement with the findings of Stancato et al., (2003).

Combined effect of 20 cm size cuttings treated with 250 ppm IBA
taken in the month of April (T22) recorded the highest shoot fresh and dry weight.
Similar results were reported by Minz (2020) and Siddiqua and Thippesha (2018).

There was significant variation in the root to shoot ratio among the
different treatments. The higher root to shoot ratio in the cuttings of April might be be
attributed to the higher levels of carbohydrates, shoot RNA, proteins and endogenous
auxins (Davies, 1984; Molnar and Croix, 1972; Wodzicki, 1978). The 20 cm size of
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cuttings recorded highest (0.09 and 0.10 at 40 DAP and 60 DAP respectively) root to
shoot ratio. This may be attributed to the increased root and shoot numbers in the 20
cm sized cuttings. The IBA concentration of 250 ppm recorded highest (0.11 and 0.12
at 40 DAP and 60 DAP respectively) root to shoot ratio. The 250 ppm IBA solution
may have caused rapid hydrolysis of the reserved carbohydrates thus providing more
energy through respiratory activity for cell division and metabolic reactions. The Tz,
T2z, T1g and Ty treatment combinations recorded highest (0.09 and 0.1 at 40 DAP
and 60 DAP respectively) root to shoot ratio. The combination of the specific levels
of the three factors that led to higher root to shoot ratio may be responsible for the
higher root to shoot ratio in the Tz3 T2, Tig and Ti9 treatment combinations.
Concurrent results were reported by Malswamkimi et al. (2019) and Siddiqua and
Thippesha (2018).

5.3 Biochemical changes in shoot

The treatments had significant influence on nitrogen content in shoots.
The higher nitrogen content (2.5 and 2.53 % at 40 DAP and 60 DAP respectively) of
shoot was recorded in the cuttings of April month. The early shoot initiation and
development of higher number of long shoots may be responsible for the higher
nitrogen accumulation (2.59 and 2.63 % at 40 DAP and 60 DAP, respectively) in the
20 cm sized cuttings. The IBA concentration of 250 ppm recorded highest nitrogen
content (2.56 and 2.6 % at 40 DAP and 60 DAP respectively) of shoot. IBA at
optimum concentration is reported to increase the activity of the hydrolytic enzymes
due to which there may be higher production of the plant metabolites thus increasing
the nitrogen content in the cuttings. Among the interaction effects, T2, recorded
highest nitrogen content (2.71 and 2.75 % at 40 DAP and 60 DAP respectively) of
shoot. Similar results were reported by Malswamkimi et al. (2019) and Siddiqua and
Thippesha (2018).

The treatments showed profound difference with respect to the protein
content in shoots. The higher nitrogen absorption due to more number of roots may
be responsible for higher protein production (15.6 and 15.84 % at 40 DAP and 60
DAP respectively) in the April month cuttings. The 20 cm size of cuttings recorded
highest protein content (16.18 and 16.42 % at 40 DAP and 60 DAP respectively) of
shoot. The higher numbers of shoots may be responsible for higher protein content in
the shoots of 20 cm sized cuttings. The IBA concentration of 250 ppm recorded
highest protein content (15.99 and 16.23 % at 40 DAP and 60 DAP respectively) of
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shoot which might be attributed to the higher production of plant metabolites due to
the increased activity of the hydrolytic enzymes by the 250 ppm IBA concentration.
Too recorded highest protein content (16.94 and 17.18 % at 40 DAP and 60 DAP
respectively) of shoot. Concurrent results were reported by Malswamkimi et al.
(2019) and Siddiqua and Thippesha (2018).

A significant variation in the chlorophyll content of shoots was noticed
among the different treatments. The highest chlorophyll content of shoot (0.38 and
0.44 mg/g at 40 DAP and 60 DAP respectively) was recorded in the cuttings of April
month which might be attributed to the higher shoot number and shoot length in the
cuttings of April month. The 20 cm size of cuttings recorded highest chlorophyll
content of shoot (0.39 and 0.45 mg/g at 40 DAP and 60 DAP respectively). Higher
shoot number and longer shoots may be responsible for higher chlorophyll content in
the 20 cm sized cuttings. The IBA concentration of 250 ppm recorded highest
chlorophyll content (0.39 and 0.45 mg/g at 40 DAP and 60 DAP respectively) of
shoot. This might be attributed to the fact that auxins like IBA and NAA is reported
to increase the chlorophyll content in cuttings (Deb et al. ,2009; Kaur et al., 2002).
Combined effect of appropriate size and time of cuttings and IBA concentration
attributed to the highest total chlorophyll content of shoot. Similar results were
reported by Siddiqua and Thippesha (2018).

5.4 Changes in thickness of vascular cambium

Vascular cambium activity has a significant role in plant growth and
development. The vascular cambium activity is regulated by endogenous factors like
hormones and reserved food materials and environmental factors like temperature and
precipitation. In the present study, the treatments were found to have significant
effect on thickness of vascular cambium. The higher thickness (0.07 and 0.08 mm at
40 DAP and 60 DAP respectively) of the vascular cambium of shoot was recorded in
the cuttings of April month. This may be attributed to the higher levels of endogenous
auxins leading to higher cambial activity in the April month cuttings (Wodzicki,
1978). The 20 cm size of cuttings recorded highest vascular cambium thickness (0.1
and 0.11 mm at 40 DAP and 60 DAP respectively) of shoot. This may be attributed to
the higher levels of reserve carbohydrates boosting the rate of cell division. The IBA
concentration of 250 ppm recorded highest vascular cambium thickness of shoot
(0.08 and 0.1 mm at 40 DAP and 60 DAP respectively). This may be due to the fact
that auxins at higher concentrations increase the cambial activity (Davies, 1984;
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Molnar and Croix, 1972; Wodzicki, 1978). T2 recorded highest vascular cambium
thickness (0.12 and 0.15 mm at 40 DAP and 60 DAP respectively) of shoot. The
results were in agreement with the previous works by Moghadam et al. (2012).

5.5 Survival of saplings

The survival of saplings varied significantly among the treatments
(Table4.39). The higher survival (98.13 %) was recorded in the cuttings of April
month which might be attributed to the early initiation of roots and shoots. The 20 cm
size of cuttings recorded highest survival (99.17 %) whereas the 10 cm size of cutting
recorded lowest survival (95.42 %). This may be attributed to the higher number of
roots with better length and diameter thus enabling better absorption of water and
minerals. The IBA concentration of 250 ppm recorded highest survival (99.17 %)
whereas the control treatment recorded lowest survival (95.83 %). Early root and
shoot initiation, a greater number of roots and shoots might be the probable reasons
for higher survival percentage of the 250 ppm IBA treated cuttings. The treatment
combinations Tas, T2z, T1g, T1s, T11 and Tyo treatment combinations recorded highest
survival (100 %) of the saplings whereas T4 recorded lowest survival (92.5%) of the
saplings. The results were in conformity with the works done by Siddigqua and
Thippesha (2018) and Nandi et al. (2019).

Computation of treatment combinations (Table 4.41) showed that the
cost was highest (Rs 26.12) in 20 cm size cuttings treated with 500 ppm IBA(L3l5)
followed by 15cm size cuttings treated with 250 ppm Lzl (Rs 25.97) whereas lowest
cost (Rs 15.82) in 10 cm cuttings without IBA (L1l4). The increased cost in these
treatments was due to increase in length of cuttings and IBA concentrations.
Although, the cost involvement was high in Lslz and Lsl> the early readiness of the
dragon fruit saplings would give an indirect economic benefit to the growers by

sustaining marketing activity.



CHAPTER VI
SUMMARY AND CONCLUSION

The present study entitled “Standardisation of stem cutting technique
of Dragon Fruit (Hylocereus costaricensis Britton & Rose)” was carried out at the
Experimental Farm, Department of Horticulture, Assam Agricultural University,
Jorhat during 2020 and 2021. The objective of the experiment was to standardize the
size of cuttings, time of cuttings and to find out optimum concentration of IBA for
rooting and growth of stem cuttings in dragon fruit. The experiment was laid out in a
factorial completely randomised design with three replications. The treatments were:
two time of cuttings — January (Mi1) and April(M2); three sizes of cuttings — 10
cm(L1), 15 cm(L2), 20 cm(Ls); four IBA concentrations —100 ppm(lz), 250 ppm(l2),
500 pm(ls) and O ppm(l4). There were twenty-four treatment combinations in the trial.
The cuttings were raised in polybags (20 cm x 22 cm) under shade net house. The

salient results of the experiment were summarised below.

1. There was significant variation in root growth parameters of dragon fruit between
the cuttings taken in January and April. April month cuttings took minimum days
(18.09 days) for root formation and registered significantly highest root number
(10.79 at 40 DAP ; 12.79 at 60 DAP), root length (10.79 cm at 40 DAP ; 12.79 cm
at 60 DAP), root fresh weight (1.09 g at 40 DAP ; 1.42 g at 60 DAP), root dry
weight (0.40 g at 40 DAP ; 0.62 g at 60 DAP), rooting percentage ((82.15 and
97.15 % at 40 DAP and 60 DAP respectively).

2. Shoot growth parameters also varied significantly between cuttings taken in the
month of January and April. Cuttings of April month recorded minimum days
(33.44 days) required for shoot initiation. The highest shoot numbers (3.32 and
4.66 at 40 DAP and 60 DAP respectively), length of primary shoots (13.29 and
14.63 cm at 40 DAP and 60 DAP respectively), shoot fresh weight (61.44 and
64.27 g at 40 DAP and 60 DAP respectively), shoot dry weight (9.38 and 10.88 ¢
at 40 and 60 DAP respectively), root to shoot ratio (0.09 and 0.10 at 40 DAP and
60 DAP respectively).
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10.

11.

Superior shoot quality parameters like nitrogen content (2.5 and 2.53 % at 40
DAP and 60 DAP respectively), protein content (15.6 and 15.84 % at 40 DAP and
60 DAP respectively), chlorophyll content (0.38 and 0.44 mg/g at 40 DAP and 60

DAP respectively) were obtained in the cuttings taken in the month of April.

Cuttings of April month recorded the highest vascular cambium thickness (0.07
and 0.08 mm at 40 DAP and 60 DAP respectively).

Survival of dragon fruit saplings were better in April month cuttings (98.13 %).

The size of cuttings had significant effect on the root growth parameters. The 20
cm size of cutting recorded minimum days for root formation (18.46 days) and
registered significantly highest root number (12.81 at 40 DAP ; 14.81 at 60 DAP),
root length (12.81 cm at 40 DAP ; 14.81 cm at 60 DAP), root fresh weight (1.26 ¢
at 40 DAP ; 1.58 g at 60 DAP), root dry weight (0.42 g at 40 DAP ; 0.63 g at 60
DAP) and rooting percentage (83.75 and 98.75 % at 40 DAP and 60 DAP

respectively).

Shoot parameters registered significant variations among the sizes of cuttings. The
20 cm size of cuttings required minimum days for shoot initiation (29.58 days)
and recorded significantly highest shoot numbers (3.1 and 4.43 at 40 and 60 DAP,
respectively), length of primary shoots (16.73 cm at 40 DAP and 18.06 cm at 60
DAP), shoot fresh weight (71.68 g at 40 DAP and 74.52 g at 60 DAP), shoot dry
weight (10.02 g at 40 DAP and 11.52 g at 60 DAP) and root to shoot ratio (0.09
and 0.10 at 40 and 60 DAP, respectively).

The cuttings of 20 cm size recorded superior shoot quality parameters like
nitrogen content (2.59 and 2.63 % at 40 DAP and 60 DAP respectively), protein
content (16.18 and 16.42 % at 40 DAP and 60 DAP respectively) and chlorophyll
content (0.39 and 0.45 mg/g at 40 DAP and 60 DAP respectively).

The 20 cm size of cuttings recorded thickest vascular cambium (0.1 and 0.11 mm
at 40 DAP and 60 DAP respectively).

Dragon fruit saplings prepared from 20 cm sized cuttings recorded better survival
(99.17%).

Root parameters showed significant variation with respect to the IBA
concentrations. The 250 ppm IBA treated cuttings recorded significantly highest
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root number (13.97 at 40 DAP ; 15.97 at 60 DAP), root length (13.97 cm at 40
DAP ; 15.97 cm at 60 DAP), root fresh weight (1.23 g at 40 DAP ; 1.56 g at 60
DAP), root dry weight (0.41 g at 40 DAP ; 0.63 g at 60 DAP ) and rooting
percentage (85.23 and 99.19 % at 40 DAP and 60 DAP respectively). Whereas,
the 500 ppm IBA treated cuttings recorded minimum days for root formation
(15.06 days) and the longest root (14 cm at 40 DAP ; 17 cm at 60 DAP).

The IBA concentrations had significant effect on the shoot parameters. The 250
ppm IBA treated cuttings recorded early shoot initiation (29.44 days) and
significantly highest shoot numbers (3.18 and 5.01 at 40 DAP and 60 DAP
respectively), length of primary shoots (14.97 and 16.3 cm at 40 DAP and 60
DAP respectively), shoot fresh weight (70.02 and 72.86 g at 40 DAP and 60 DAP
respectively), shoot dry weight (9.71 and 11.21 g at 40 DAP and 60 DAP
respectively) and root to shoot ratio (0.11 and 0.12 at 40 DAP and 60 DAP

respectively).

Shoot quality parameters like nitrogen content (2.56 and 2.6 % at 40 DAP and 60
DAP respectively), protein content (15.99 and 16.23 % at 40 DAP and 60 DAP
respectively) and chlorophyll content (0.39 and 0.45 mg/g at 40 DAP and 60 DAP
respectively) were superior in the cuttings treated with 250 ppm IBA.

The thickest vascular cambium (0.08 and 0.1 mm at 40 DAP and 60 DAP

respectively) was recorded in the 250 ppm IBA treated cuttings.

The 250 ppm IBA treated cuttings led to highest survival (99.17 %) of the dragon

fruit saplings.

The T22(M2Lsl2) treatment combination recorded significantly highest root
number (18.84 at 40 DAP; 20.83 at 60 DAP), root length (18.83 cm at 40 DAP;
20.83 cm at 60 DAP), root fresh weight (1.46 g at 40 DAP; 1.79 g at 60 DAP) and
root dry weight (0.50 g at 40 DAP; 0.71 g at 60 DAP). Whereas, T23 recorded
early root initiation (14 days) and the treatment combinations viz.,T23, T2z, T1s,
T19, T10 and Tz recorded highest rooting percentage (85 and 100 % at 40 DAP
and 60 DAP respectively).

Shoot parameters like days required for shoot initiation (22.33 days), shoot
numbers (4.4 and 5.73 at 40 DAP and 60 DAP respectively), length of primary
shoots (21.37 and 22.7 cm at 40 DAP and 60 DAP respectively), shoot fresh
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weight (84.07 and 86.9 g at 40 DAP and 60 DAP respectively) and shoot dry
weight (11.93 and 13.43 g at 40 DAP and 60 DAP respectively) were superior in
the T22(MzLsl2) treatment combination. The root to shoot ratio was best (0.09 and
0.1 at 40 DAP and 60 DAP respectively) in the treatment combinations viz., Tzs,
T22, T1g and Tao.

The T22(M2Lsl2) treatment combination recorded significantly highest nitrogen
content (2.71 and 2.75 % at 40 DAP and 60 DAP respectively), protein content
(16.94 and 17.18 % at 40 DAP and 60 DAP respectively), chlorophyll content
(0.45 and 0.51 mg/g at 40 DAP and 60 DAP respectively).

The vascular cambium thickness was highest (0.12 and 0.15 mm at 40 DAP and
60 DAP respectively) in the T22(MzLsl2) treatment combination.

The treatment combinations viz., T23, T22, T19, T1s, T11 and Tio led to highest

survival (100 %) of the dragon fruit saplings.
nclusion

Thus, it may be concluded that 20 cm size cuttings of dragon fruit

taken in the month of April treated with 250 ppm IBA appeared to be the best

treatment combination which registered minimum days required for root formation

and

shoot initiation, highest root and shoot growth parameters, shoot nitrogen,

protein, chlorophyll and thickest vascular cambium layer with 100% survival of

saplings.
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Plate 1: Dragon fruit plant at bearing stage in KVK, Jorhat



Plate 3: Collection of segments



Plate 4: Preparation and planting of cuttings
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Plate 5: A general view of the experimental plot



Plate 6: Root formation



Plate 7: Shoot initiation



Plate 8: Sapling growth at 40 days after planting
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Plate 9: Root and shoot growth at 40 days after planting



Plate 10: Sapling growth at 60 days after planting



Plate 11: Root and shoot growth at 60 days after planting
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Plate 12: Chlorophyll and Nitrogen estimation in laboratory
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Plate 13: Microscopic view of vascular cambium thickness



APPENDIX |
RATES OF THE ARTICLES

ARTICLES RATES
Polybag Rs 1.23/bag
Cutting Rs 1/cm

Sand Rs 20/ cft

Soil Rs 800/ 100 cft

FYM Rs 800/ 100 cft
Labour Rs 303.76/ manday

IBA Rs 2725/ 25 g

*Labour rate as per Assam Agricultural University guidelines
*Total mandays required for 720 saplings = 8
Therefore, labour cost per sapling = Rs (303.76x8)/720

= Rs 3.38
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