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THESIS ABSTRACT

1. Title of thesis : Studies on effect of different rooting hormones
on stem cutting of croton (Codiaeum

variegatum)
2. Name of the candidate : Tangawade Onkar Pandit

3. Name of the Research Guide : Baghele Rahul Dewaji

4. Department : Horticulture
5. College / University : College of Agriculture, V.N.M.K.V, Parbhani.
6. Degree to be awarded : M.Sc. (Horticulture)

ABSTRACT

The present investigation on “Studies on effect of different rooting hormones
on stem cutting of croton (Codiaeum variegatum)’’ was carried out at Department of
Horticulture, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani during the
year 2021-22. The experiment was laid out in CRD (Completely Randomized Design)
with ten treatment combinations replicated thrice. Each replication consisted of 20
cuttings. Fresh branches were collected from 3-4 years old healthy plant of Codiaeum
variegatum grown at the college nursery. All the branches were removed from the
semi-hardwood branches after which they were cut into 15 cm long segments with 6-8

nodes. A slant cut was given at the base of the cuttings.

IAA, IBA and NAA were used as a rooting hormones. The experiment
consists of three different concentrations of IAA (500 ppm, 1000 ppm and 1500 ppm),
IBA (500, 1000 ppm and 1500 ppm) along with control. The method adopted for
treatment of cuttings with growth regulator solution with the help of quick dip
method. In which, the basal end of the prepared cuttings were kept standing in
solution of growth regulator to a depth of 2.5-3.0 cm for 2 to 5 minutes. Semi
hardwood cuttings of croton were planted in polybags containing one part of red soil,
two parts of sand and one part of FYM.

Among the treatments of plant growth regulators, IBA 1000 ppm recorded

early sprouting (20.20), early root formation (17.61), maximum success percentage
Xiii



(78.86%), less mortality percentage (21.14%), maximum number of shoots (3.22),
maximum number of roots (14.86, 26.75) at 30 and 60 days after planting
respectively, highest length of shoot (4.06 cm), highest length of root (2.22, 4.58 cm )
at 30 and 60 days after planting respectively, maximum number of leaves (12.85),
highest plant height (21.28 cm), maximum fresh weight of shoot (10.41 g), maximum
fresh weight of root (5.95 g), maximum dry weight of shoot (4.48 g), maximum dry
weight of root (2.36 g), highest root: shoot ratio (0.68), highest survival percentage
(81.66%) and highest B:C ratio (3.80).

On the basis of the result obtained from the investigation, it can be concluded
that the croton (Codiaeum variegatum) can be propagated through semi hardwood
cuttings soaked for quick dip method in the solution of IBA at 1000 ppm and planted
in red soil + sand + FYM under shade net house which was the most effective to
improving root as well as shoot parameters.

(Keywords: Croton, PGRs, IAA, IBA, NAA, ppm, Cuttings, Rooting hormones,

Codiaeum variegatum)
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INTRODUCTION



CHAPTER-I
INTRODUCTION

Codiaeum variegatum, commonly known as croton belongs to the family
Euphorbiaceae, is one of the most popular ornamental plants because of it’s vivid
foliage colors and varied leaf shapes. More than 200 varieties of croton exist on the
globe, available in different leaf sizes, shapes and color patterns. It grows naturally in
southern Asia, Indonesia and other eastern pacific islands in open forests. Amongst
ornamental plants, croton is a stood out species for its blooming foliage. It is a set of
semi-hardwood shrubs with latescent, leathery and very attractive leaves (Lorenzi &
Souza 2008). It is an evergreen shrub, grows up to 6 m in height but usually
maintained at 60-90 cm and grows well in areas having humid climate. Croton with
its amazing colors and leathery leaves is regarded as a beautiful foliage plant and
sometimes it is called as Joseph’s coat or Variegated croton (Nasib ef al., 2008).

The commercial production of ornamental plants has grown worldwide due to
their high potential for income and employment generation and to the environmental
benefits and life quality improvements resulting from its products. The agriculture
strategy is now much onto the ornamental plants production for local and exportation.
Ornamental plants are mainly used to enhance the beauty of a garden or home.
Flowering and non- flowering ornamental plants can be used in creating parks,
different themed gardens, lawn borders etc. Raising and selling of ornamental plants
are a good business. The cut flowers from ornamental plants can fetch you economic
benefits as they are used in various floral arrangements. Apart from it’s property of
increasing the aesthetic value, these also improve the quality of the space by acting as
wind barriers, providing shade, cleaning up the pollutants in the air, reducing soil
erosion and providing the habitat for animals and birds. The ornamental plants placed
indoors provide a good and pleasant ambience and also purifies the air. Attractive
looking ornamental plants can influence you psychologically and keeps you happy.
You can achieve a calm mind and healthy body by indulging in ornamental plants
gardening.

Croton is in demand as a landscape plant because it is an evergreen shrub. The
leaves are alternate, non serrated but sometimes lobed. Colour patterns range from

multicoloured spots to irregular colour patches or solid coloured leaves with



contrasting veins. Sometimes totally different forms of leaves and colour variations
occur on the same plant. Its showy leaves are latex producing, leathery and can have
varied colors, shapes and sizes (Lorenzi & Souza 2008). The plant grows in an
assortment of shapes and colours. Young leaves are usually green, bronze, yellow or
red, later changes to gold, cream, white, scarlet, pink, maroon, purple, black or brown.
A wide range of variations in leaf shape and coloration had fascinated breeders,
landscapers, horticulturists, and gardeners and a huge number of cultivars have been
fixed for commercial production (Chen and Stamps 2006). Croton with their colorful,
glossy foliage and variation of leaf types are one of the most popular plants. The plant
may change colour as it matures (Ogunwenmo et al., 2007). Hence, this species has
been selected for the different morphology and color combination of leaves with
contrasting veins. Flowers are small, long, axillary, usually unisexual racemes. Fruits
are globular capsules and 3-8 mm in diameter.

Crotons are primarily aesthetic in their value. Croton plant brings a burst of
color to green landscape (Leonardi ef al., 2001). Crotons are also well known for their
medicinal value. Leaves extracts of croton have many medicinal properties including
purgative, sedative antifungal, antiamoebic and anti-cancerous activities (Deshmukh
and Borle 1975). The plant is also well reputed for the production of valuable
secondary metabolites of alkaloids, terpenes and flavonoids in nature (Puebla et al.,
2003). According to high decoration values in outdoor and indoor house plants, and
the ability of shrubs to thrive well in many regions of the world (Deepa and Shanthi
2013).

Because crotons are in very regular demand, there is the need for fast
propagation methods, with low cost and that assures the formation of vigorous, high-
quality seedlings. Due to its slow rate of conventional multiplication, the plant is very
high in demand. Concrete attention has been paid towards increasing the percentage
of cuttings propagation, however, it is one of the difficult-to-root woody plants.
Generally, croton can be propagated by shoot tip cuttings, but this process is slow in
response and requires large numbers of mother/stock plants. One mother/stock plant
may only produce 20 plants each year from shoot tip cuttings (Nasib et al., 2008).

Vegetative propagation is the form by which desired individual characteristics
are maintained, resulting in a plant that is genetically identical to the original donor
plant, thus becoming the preferred method of propagation. Among the vegetative
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means, stem cutting is one of the easiest, cheapest and least time consuming methods
of plant propagation (Bose et al., 1975). The propagation by cuttings favors the quick
and massive production of plantlets having tremendous vigor because the plants are
on their own roots, making them more resistant to adverse conditions. Methods of
vegetative propagation like cutting and layering have proved to be a handy device for
the horticulturist and nurserymen for the multiplication of true-to-type plant.
However, due to low rate of rooting in cuttings, the vegetative propagation has its
own limitations. The process of regeneration is largely controlled by internal and
external factors. Cuttings can take root when a number of co-factors are present in
addition to auxin. The process of root formation at the base of a cutting may be
divided into three stages viz., root initiation, root elongation and root growth and
development (Hartmann et al., 2002). Success of vegetative propagation mostly
depends on the ability of plant to form roots when placed in suitable media and
favorable environment conditions for rooting.

Plant growth regulators can accelerate the development and increase the
efficiency of adventitious rooting in ornamental plants. Root initiation with the use of
growth regulators occupies a significant position in the field of propagation
(Mukherjee et al., 1976). One of the many approaches has been the application of
plant growth regulating chemicals to bring about a change in the growth of roots and
shoots of some horticultural crops of ornamental importance. When propagation
through stem cutting becomes very difficult, treatments with growth regulators are
applied in optimum concentration to promote rooting in stem cutting. Activity of
growth regulators depends upon the amount of hormone applied and a particular
concentration of growth regulator may be more effective for initiation of root in stem
cutting. Thus, optimum concentration of growth regulator needs to be determined for
different plant species. Among the growth regulators Indole Butyric Acid (IBA) is the
most commonly and widely used to achieve high percentage of rooting success for the
ornamental species (Kundu et al., 1987). Other exogenous hormones which regulate
plant growth are Indole Acetic Acid (IAA), Napthalene Acetic Acid (NAA), 2, 4-
Dichloro phenoxy acetic acid (2,4- D), Indole Propionic Acid.

Among the different plant growth regulators, auxin is most effective as a
rooting aid. Auxin is used mostly for better rooting in stem cuttings for many plants
which increase survival percentage and better rooting. In stem cuttings, Auxins are

3



important agents for rooting difficult-to-root cuttings of woody plants. Auxin
stimulates adventitious root formation in stem cutting. Plant hormones transported to
the base of the cutting that acts in the formation of meristematic centers or activates
pre-existing meristems that induce root formation (Hartmann et al., 2007). IAA, IBA
and NAA are used to induce rooting has been practicing since earlier time to ensure
success of rooting in cutting and better establishment of plants. In the recent years,
synthetic plant growth regulators have received wide spread acceptance and
application in the field of horticulture. Among the various uses of growth regulators,
the initiation of rooting in the cutting is most useful to the nurserymen. The treated
cutting rapidly produce uniform and extensive root system, which when transplanted
survives better than untreated cutting. The goal of this study was to look into the
effects of rooting ingredients on root ability in order to develop an efficient and
reliable methodology for vegetatively propagating croton plants by rooting stem
cuttings. Keeping above factors in mind, the present study was intended to be
undertaken during kharif 2021 at Department of Horticulture, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani.

The objectives of this study are as follows :
1. To study the effect of rooting hormones on croton cuttings
2. To find out best concentration of rooting hormone on growth parameters

of croton cuttings
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CHAPTER-II

REVIEW OF LITERATURE

The present experiment entitled Studies on effect of different rooting
hormones on stem cutting of croton (Codiaeum variegatum) was conducted at
Department of Horticulture, Vasantrao Naik Marathwada Krishi Vidyapeeth,
Parbhani (Maharashtra) during the year 2021-22.

2.1 Effect of plant growth regulators (PGRs) on rooting of croton cuttings

Nasib et al. (2008) studied on In vitro multiplication of croton (Codiaeum
variegatum). The roots were successfully induced by 2.0 mg/l of IBA. The rooted
plants were then effectively acclimatized with the potting mix of 80% sand and 20%
farm yard manure.

Baldotto et al. (2012) studied that the growth characteristics and the nutritional
contents of croton and hibiscus plants during acclimation of seedlings in response to
different concentrations of indolebutyric acid (IBA) and humic acid (HA) applied to
cuttings for rooting. The experiment was conducted in greenhouse, and the apical
stem cuttings were treated with solutions with concentrations of 0, 250, 500, 1000 and
2000 mg L-1of IBA and 0, 10, 20, 30 and 40 mg L-1 of C from HA. At 45 days of
rooting in carbonized rice husk, they were individually transferred to plastic bags of
2.0 dm3 containing a mixture of soil: sand: manure (2: 1: 1) as substrate. At 90 days
of acclimation, the plants were collected for measurement of growth and nutritional
variables. The results showed that the application of the IBA stimulates the absorption
of nutrients and growth of croton cuttings and transplanted hibiscus, contributing to
formation of vigorous seedlings. A similar response occurred with the application of
HA in hibiscus cuttings.

Bharti et al. (2013) studied interaction between effect of variety, type of
cutting and IBA concentration on rooting in cuttings of croton. Overall performance
of hard wood cutting of broad leaf variety treated with 400 ppm IBA was found
significantly superior in inducing the highest rooting percentage (82.34%), took lesser
time for sprouting (10 days), highest survival percentage (80.04%) and sprouting
percentage (88.66) than other treatments. Out of three types of cuttings, semi-hard



wood cuttings and 200 ppm IBA was found better in comparison to 400 ppm IBA
with broad leaf for rooting and establishment.

Owusu et al. (2020) conducted an experiment on croton at the Multipurpose
Crop Nursery at the College of Agriculture Education, Mampong Campus. They
revealed that the different growth media and hormones influenced sprouting response
of croton at days to 50%, 70%, and 100% sprouting significantly. The study
concluded that croton cuttings that were grown on a combination of topsoil and Aloe
vera gel resulted in the earliest shoot response and a higher number of roots and
leaves followed closely by those of IBA.

Hoda (2021) performed an experiment on croton cutting. Cuttings were treated
with four different concentrations of IBA at the rate of 1000, 2000, 3000 and 4000
ppm besides the control. Both 2000 and 3000 ppm IBA significantly improved
rooting percentage, survival % of cuttings and produced a significant increase in all
vegetative root growth parameters (number of roots, fresh and dry weight of roots and
root length). In addition, treated cuttings with 2000ppm also decreased the number of
days to root. After 45 days, the rooting percentage gradually increased in comparison

to the increase in IBA concentration to over 2000 ppm over the control.

2.2 Effect of plant growth regulators (PGRs) on rooting of other ornamental
plants
2.2.1 Rose

Thomson (1983) stated that the best rooting quality was obtained when IBA at
500 or 1,000 mg/litre was applied to Rosa chinensis cuttings. However, it slowed the
development of new shoots. He also discovered that, in comparison to other growth
regulators, IBA enhanced the quantity and length of adventitious roots.

Balakrishnamurthy et al. (1986) found that IBA at 1,000 ppm produced
maximum number of roots and maximum plant survival in hardwood cuttings of the
Edward rose.

Fuchs (1986) discovered that the highest concentration of IBA (1,000 ppm)
enhanced the number of roots and root length in rose cuttings of the ‘Kangava’

variety.

Balakrishnamurthy and Rao (1988) revealed that the R. bourboniana stem

cuttings treated with IBA at 1,000 ppm had improved rooting and survival.
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Chu (1990) reported that IBA at 2,000 mg/litre induced the highest number of
roots/cutting in comparison to other treatments when applied to the base of budded
rootstocks of R. multiflora.

Ercisli and Guleryuz (1999) found that IBA at 2,000 ppm produced the best
rooting in R. canina and R. foetida as compared to IBA at 1,000, 4,000, and control.

Pivetta et al. (1999) revealed that IBA at 1,000 ppm led to higher rooting than
control in rose cuttings.

Younis and Riaz (2003) studied the effects of several rooting hormones on the
growth and rooting of cut roses. They found that 1000 ppm IBA was beneficial in
Rosa bourboniana for the more number of sprouted buds (4.0), plant height (57.1
cm), number of branches (3.5 cm), and longest roots (3.9 cm), with fewer mortality
(3.9%).

Ulemale et al. (2004) conducted study on rooting and cuttings of the rose
(Rosa indica cv. Odorata) were given IBA and NAA concentrations i.e, 500, 1000,
and 1500 ppm alone or in combination. They discovered that, compared to other
treatments, IBA at 1000 ppm produced the higher number of primary roots (40.66)
and a survival rate of 85%.

Khan et al. (2006) investigated how certain auxins affected the growth of
Damask rose cuttings in various growing conditions. They noted that cuttings treated
with NAA @ 50 mg/l had the highest levels of bud sprouting (78.76%), bud spread
(11.32 cm), and shoot length (13.68 cm).

Aklade et al. (2010) carried out study of impact of medium and cutting on
plant propagation and growth of rose and discovered that cuttings from hardwood
placed in coarse sand growth greatest number of roots per rooted cutting (15.02),
percentage of sprouted cutting (81.67), dry weight of roots per rooted cutting (560.11
mg), fresh weight of roots per rooted cutting (1680.33 mg), and fresh weight of
shoots per rooted cutting (6.41 g) and dry shoot weight per rooted cutting of the rose
cv. is (2.14 g), and the rooted cutting survival rate is (38.5) percent of rose
cv. Local Red is under control under the polyhouse tent.

Izadi et al. (2012) found that the combination of coco peat and perlite was
successful for rooted in stem cuttings with a diameter of 10 cm and two leaves treated
with 5000 ppm IBA (68.7%) and root number (2.09) with dogrose (Rosa canina) cv.

Dolcevita.



Susaj et al. (2012) found that the highest rooting percentage (91%) achieved
by rose cvs. Vayvicend and Christopher Columbus cuttings treated with IBA 500
ppm in a controlled climate.

Alshammary et al. (2013) studied in Bougainvillea peruviana cv. Shubra and
Hamelia patens and reported the maximum number of roots per cutting (24.8), highest
rooting percentage (28.4 %), establishment percentage (42.3 %), root length per
cutting (27.2 mm) and number of branches per cutting (5.4) was found with IBA 2000
ppm However, the response of hardwood cuttings to treatments was not consistent.

Dawa et al. (2013) carried out an experiment to study the effects of two
growth regulators, indole butyric acid (IBA) and naphthalene acetic acid (NAA) on
rooting of commercial rose cut flower cultivar known as "First Red," and discovered
that early root appearance (22.55 day) was stated with maximum rooting (76.67%),
highest primary root number (12.57), longest root (5.87 cm), and field survival
(73.13%) in cuttings treated with IBA @ 1500 ppm.

Akhtar et al. (2015) treated cuttings of Rosa centifolia with different
concentrations (450 ppm, 700 ppm and 950 ppm) of indole butyric acid (IBA), indole
acetic acid (IAA), naphthalene acetic acid (NAA) alone, in combination and with
same concentrations of 6-benzylamino purine (BAP). Maximum shoot length, shoot
dry weight, number of roots, root length, root dry weight and root fresh weight were
produced by 450 ppm IBA followed by 700 ppm and 950 ppm concentrations of IBA.
All three concentrations of IBA alone produced better than combination with other
growth regulators. Lower concentrations of growth regulators alone and in
combination produced superior results as compared with higher concentrations.

Yeshiwas et al. (2015) performed an experiment to assess the impact on the
growth and development of softwood, semi-hard and hard wood cuttings treated with
IBA concentrations of 0, 1000, 1500, 2000, 2500, and 3000 ppm. The majority of the
root and shoot parameters, such as root length, number of roots per cutting, fresh and
dry weight of root, fresh and dry weight of shoot, leaf number and shoot length,
exhibited significantly beneficial impacts on rose cuttings treated with 1000 ppm of
IBA.

Krishnamoorthy ef al. (2017) conducted an experiment with an objective of
analyze the reaction of rose cuttings to auxins, such as Indole Butyric Acid (IBA) and
Naphthalene Acetic Acid (NAA), at concentrations of 0, 500, 1000, 1500, and 2000
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ppm in growth conditions. At IBA 1500 ppm, rose cuttings exhibited maximum bud
sprouting (78.8%), days to sprout (6 days), number of leaves per plant (10) and
chlorophyll index (39.3 mg/g).

2.2.2 Bougainvillea

Bhattacharjee and Balkrishna (1983) treated the bougainvillaca cv. "Usha"
cuttings with IBA at 2,000-6,000 mg/litre and found that 4,000 and 6,000 mg/litre
produced the optimum rooted and survival percentages.

Awad et al. (1988) utilised cuttings that were 20 cm long, 3, 5, 7 and 12 mm
in diameter and dipped in IBA concentrations of 0, 3,000, and 6,000 ppm. The
cuttings with the largest diameter (12 mm) and the greatest amount auxin (6,000) had
the highest rooting percentage and the most roots per cutting.

Panwar (1988) studied on propagation of several bougainvillaca species.
Cuttings of all kinds were subjected to 0, 250, 500, 1,000, and 2,000 ppm of IBA. It
was discovered that this level of IBA produced the highest levels of sprouting, roots,
length, and leaves per cutting when compared to the other treatments.

Joshi et al. (1989) revealed that IBA, NAA, and IAA were applied to hard
wood cuttings of five different cultivars of bougainvillaea at concentrations of 4000
and 6000 ppm. The average percentage of rooted cuttings was highest (70.89) with
4000 ppm TAA, followed by 6000 ppm IBA (52.89).

Patel (1990) concluded that in stem cuttings of bougainvillaca, IBA at 3,000
mg/litre produced better results than 1,000, 2,000, and 4,000 mg/litre for all rooting
parameters.

Baraskar et al. (1990) found that bougainvillea varieties Mary Palmer and
Mahara were treated by soaking for 10 minutes in the solution of 2500 ppm IBA and
2500 ppm frulic acid. The maximum percentage (100%) of Mahara cuttings and
percentage survival in both species were obtained with this treatment.

Singh (1990) found that IBA was superior to NAA in terms of effectiveness,
and 3,000 mg/litre of IBA was the optimal concentration for a larger proportion of
bougainvillaea cv. "Thimma' cuttings to survive.

Gupta and Kher (1991) resulted that when quick dip method applied to
bougainvillaea cv. “Garment Glory” cuttings, IBA at 4000 ppm produced the highest



rooting (highest number and longest root length) when compared to IBA, IAA, or
NAA at 2000, 4000, or 6000 ppm.

Harris and Singh (1991) carried out an experiment on the semi-hardwood
cuttings of bougainvillaca cultivars Refulgence, Akola, Magnifica, Formosa, and
Shubra. The cuttings were treated with IBA and NAA at 100, 200, and 400 ppm. The
highest mean percentage rooting across cultivars and number of roots per cutting (60
and 34% in spring and rainy season, respectively) obtained with 100 ppm IBA,
followed by 100 ppm NAA.

Thumar (1991) investigated that the IBA at 5,000 ppm was more efficient in
causing roots in bougainvillaea cuttings of the variety “Mary Palmar.”

Patel (1994) found that the best combination for establishing bougainvillaca
roots in hardwood cuttings was 2,000 ppm IBA + NAA.

Chovatia et al. (1995) found that the cuttings from the cultivar "Mary Palmer"
dipped in IAA (1500 or 2000 ppm), NAA, and IBA (each at 3000 or 4000 ppm) for
15 seconds produced the longest roots (51.47 cm), shoots (36.78 cm), and maximum
number of roots per cutting (96.80) with 4000 ppm IBA concentration.

Mishra and Sharma (1995) revealed that Dr. R.R. Pal and Mrs. H.C. Buck, two
difficult-to-root bougainvillaea cultivars, responded much better to the maximum
dosage of 2000 ppm IBA, which greatly improved stem cutting rooting ability.

Sohair and Taleb (1995) observed that when Bougainvillea alba stem cuttings
were dipped for 24 hours in 500 ppm IBA + 10 ppm Co and planted in a 2:1
combination of Nile silt and sand, the highest percentage of roots and cutting survival

were observed.

Mukhopadhaya and Bose (1996) investigated that cuttings of bougainvillaeca
treated with NAA 400 ppm exhibited 12.5% rooting whereas, those treated with
control and NAA 100 ppm failed to exhibit rooting.

Sobhana et al. (1996) experimented on seven bougainvillaca varieties
germination rates. They found that IBA, at 7,500 ppm, had a more rooting potential
than NAA, at 7,500 ppm, or when IBA and NAA were combined, at 2,500 ppm each.

Kanamadi ef al. (1997) found that he bougainvillaea variety "Mahara" showed
that the highest percentage of rooting, largest rooting zone, and number of main and

secondary roots per cutting when treated with IBA at 10,000 ppm.
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Deshmukh and Barad (1999) found that IBA at 6,000 ppm recorded highest
rooting rate in hardwood cuttings of several cultivars of bougainvillaea.

Singh et al. (1999) recorded that maximum rooting was achieved with 2,500
ppm IBA, followed by 2,000 ppm IBA, in the bougainvillaea cultivars "Lady Mary
Baring" and "Rosevilles Delight."

Panwar et al. (2001) observed that in hardwood cuttings of bougainvillaea var.
'Mary Palmer,' IBA at 2,000 ppm showed improved results in all growth parameters.

Gupta et al. (2002) performed an experiment on the stem cuttings of
bougainvillea cv. ‘Los Banos Variegata’. Cuttings were treated with IBA solution
each at 0, 250, 500, 750 and 1000 ppm by long dip (24 hours) method and 0, 1000,
2000, 3000, 4000 and 5000 ppm by quick dip (10 seconds) methods. They find that
among all the treatments, IBA at 1000 ppm induced maximum rooting (100 %) with
maximum number of roots (32.0) and maximum survival percntage (90 %) in the long
dip method.

Reddy et al. (2002) found that semi hardwood cuttings treated with NAA at
1000 ppm result into maximum rooting percentage (80%) followed by hardwood
cuttings treated with IBA at 1000 ppm.

Singh (2002) revealed that when cuttings of bougainvillea cv. Thimma treated
by quick (5 seconds) in 2000, 4000, 6000 ppm solutions of NAA and IBA separately
or in combinations (1:1) then rooting percentage, number of primary roots and length
of the longest primary root were significantly higher in 4000 ppm IBA than control.

Singh and Singh (2003) found that cuttings of bougainvillea cv. 'Cherry
Blossom' treated with IBA 1,500 ppm produced maximum number of roots (6.67).

Adiga et al. (2004) observed that when bougainvillaca hardwood cuttings
were treated with NAA 1000 ppm, Vernonia showed the greatest mean rooting
percentage (85.42%), while Hibiscus showed the largest average number of roots as a
result of NAA 1000 ppm treatment. In contrast, the cutting of Jasminum multiflorum
that had been treated with IBA 500 ppm had the maximum rooting (94.43%).

Sultana (2006) observed the rooting performance of three ornamentals stem
cuttings of bougainvillea, nerium and jasminum sp. which are influenced by growth
regulators. Different concentration of growth regulators IBA, NAA had significant
effects on the rooting performance of the ornamental plants. Bougainvillea showed

maximum percentage of success (95.60) when treated with IBA 400 ppm and nerium
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showed minimum percentage of success (44.33). Further, The longest root (23.53 cm)
was produced at 400 ppm IBA in bougainvillea while nerium produced the shortest
one (6.53 cm).

Kishan and Raju (2008) found that cuttings of the Bougainvillea cv. Sonnet
produced the highest rooting percentage (90.8%), most primary roots (9.25), and
longest primary roots when treated with IBA at 1000 mg/1 (17.33 cm).

Parmar et al. (2010) conducted an experiment in which cuttings of
Bougainvillea peruviana were treated with various concentrations of IBA and NAA,
and it was discovered that IBA @ 4000 ppm proved superior in terms of the
percentage of rooted cuttings that had roots, the survival percentage of cutting, and
the number of days for sprouting.

Patel (2011) revealed that the IBA at 4000 mg/l produced the highest rooting
percentage (95.00), number of days required for sprouting (8.50 day), number of roots
per rooted cutting (24.45), length of root (14.23 cm), number of shoots per rooted
cutting (5.11), length of shoot (12.29 cm), number of leaves per shoot (11.74), and
survival percentage of rooted cutting in hardwood cuttings of Bougainvillea cv. Touch
Glory (64.00).

Asl et al. (2012) studied the impact of IBA treatment for seven seconds on the
capacity of bougainvillaeca semi-hardwood cuttings to root, and discovered that IBA
2000 ppm produced the most roots (8.67 roots per plant) and the longest roots (151.42
mm).

Babashpour ef al. (2012) found that the bougainvillaea cutting treated with
2000 ppm IBA and perlite as a rooting medium produced the maximum number
of roots (8.67), the longest roots (15.42 cm) and the greatest rooting percentage
(76.19%).

Singh (2012) tested that the impact of different IBA concentrations on
hardwood cuttings of various bougainvillaea varieties, including Thimma, Louise
Wathen, Mrs. Butt, and Shubra, and found that IBA concentration and variety had a
major effect on cutting germination, rooting, callus formation, and establishment.
Lousie Wathen cuttings Applying 1000 ppm IBA improved the sprouting (85.39%),
rooting (75.46%), callusing (80.78%) and establishment (100%).

Memon et al. (2013) evaluated that the different concentrations of NAA had a
significant effect on the sprouting and rooting of bougainvillaea stem cuttings,
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whereas varieties had no significant impact on these aspects other from the number of
sprouts per cutting and the percentage of sprouting and rooting. Maximum sprouts per
cutting (3.133), sprouting percentage (78.33), length of sprouts (0.680 cm), rooting
percentage (75.00), length of roots (13.862 cm), roots per cutting (27.833 cm), and
length of leaves were obtained when cuttings were treated with NAA 6000 ppm
(6.007 cm).

Mehraj et al. (2013) carried out an experiment on stem cuttings of
Bougainvillea spectabilis that were given the following treatments: To: control; Ti:
IBA in dust form; T2: IBA -500 ppm; T3: IBA-1000 ppm; Ts: IBA-2000 ppm; on
sprouting and rooted. IBA 1000 ppm was found to be the most effective treatment in
terms of days to first rooting (4.0), days to first sprout bud initiation (5.3), leaves per
cutting (35.2), sprout length (15.0 cm), branches per cutting (4.7), roots per cutting
(64.2), and longest root length (33.2 cm), as well as rooting percentage (100%) and
cutting survival percentage (100%).

Sahariya et al. (2013) studied that the effect of IBA (0, 1000, 1500, 2000 ppm)
on the sprouting of Bougainvillea var. Thimma cuttings in open field and poly house
condition. IBA was shown to be more favourable under polyhouse conditions than in
open field conditions, however benefits were more obvious under polyhouse
conditions when IBA concentration increased from 1500 to 2000 ppm. The maximum
number of rooted cuttings (6.33), percentage of rooting (63.33%), length of shoots per
cutting after one month (3.07 cm), length of shoots per cutting after two months
(14.73 cm), number of roots per cutting (30), length of roots (12.85 cm), and dry
weight of roots obtained after treatment with IBA 2000 ppm (0.43 g).

Singh et al. (2013) studied that the effect of various IBA concentrations on the
rooting potential of Bougainvillea glabra var. Torch Glory during the winter season
and discovered that IBA 2000, 2500, and 3000 ppm recorded the highest levels of
rooting and sprouting (100%) in cuttings while IBA 3000 ppm produced the highest
length of sprout per cutting (18.87 cm) and maximum number of roots per cutting
(21.22) in the month of February. With IBA 5000 ppm in February sample, the
greatest length of root per cutting was measured at 15.32 cm.

Seyedi et al. (2014) studied on Bougainvillea glabra cuttings treated with IBA
4000 mg/l exhibited the highest rooting compared to other treatments when
researchers studied the impact of stem type and various amounts of IBA on the plant's
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ability to root. Semi-hardwood cuttings were discovered to be the best for rooting
Bougainvillea glabra since the quantity, length, and fresh weight of the roots were
altered at a greater amount of auxin treatment.

Ibironke (2016) performed an experiment on bougainvillaeca in which IBA,
Tetracycline, and coconut water were used to stimulate the rooting of six different
species of bougainvillaeca. The findings demonstrated that, in comparison to the other
hormone employed, Indole-3-Butyric Acid and coconut water had a substantial

impact on root emergence and root development in Bougainvillea species.

2.2.3 Hibiscus

Mukhopadhyay and Gain (1982) found that IBA 1,000 ppm significantly
increased number of roots per cutting and number of rooted cuttings in Hibiscu
tiliaceus.

Bhattacharjee and Balakrishnan (1986) treated the cuttings of Hibiscus rosa-
sinensis with IBA at 2,000-6,000 mg/1. Best rooting was found in cuttings treated with
IBA 2,000 mg/1.

Varalakshmi (1986) studied the effect of IBA on four varieties of Hibiscus
rosa-sinensis by quick dip and prolong dip method and discovered that quick dip
method resulted in maximum percent of rooted cuttings than the prolonged dip
method. Cuttings treated in 6,000 ppm IBA yielded maximum percent of rooted
cuttings (51.88) among the various concentrations used in quick dip method. Cuttings
treated in 250 ppm IBA produced significantly higher percentage of rooted cuttings
(41.25) in prolonged dip method.

Gupta (1989) found that the hardwood cuttings of hibiscus treated with IBA at
4,000 ppm resulted in increased rooting percent (80) and survival percent (95.81).

Shiva and Nair (2009) evaluated the effect of rooting hormones on root and
shoot characters of hibiscus and found maximum number of roots per cutting (27),
longest root (25 cm) and maximum leaf size (7 cm) in cuttings treated with IBA @
1000 mg/1.

Shadparvar ef al. (2011) studied the effect of IBA and soil mixture on hibiscus
using IBA @ 0, 1000, 2000, and 4000 mg/1 in peat-perlite and sand-perlite and bed
and found that the IBA @ 4000 mg/l and peat-perlite was best treatment for
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increasing percentage of rooting and other affecting factors on the quality of cutting in
hibiscus.

Torkashvand and Shadparvar (2011) revealed that significantly maximum
rooting percentage, root length, root diameter, number of buds, number of root was
found with treatment 4000 mg/l IBA and coco peat + perlite as substrate in Hibiscus
rosa-sinensis.

Bhandari (2014) found that hardwood cutting of hibiscus treated with Indole
Butyric Acid (IBA) @ 750 mg/l was most effective with respect to rooting
percentage, number of days to sprout, number of shoots, number of roots, number of

leaves, fresh and dry weight of roots and survival percentage of cuttings in hibiscus.

2.2.4 Jasminum spp.

Gowda et al. (1989) found that hardwood cuttings of J. sambac treated with
5000 ppm IBA gave higher percentage of rooting with more number of roots and
longer roots per cutting.

Sreelatha et al. (1991) noticed that cuttings of J. auriculatum treated with
3,000 ppm NAA or 4,000 ppm IBA found maximum rooting percentage, whereas
cuttings of J. grandiflorum treated with 2000 ppm IBA found maximum rooting
percentage.

Sari and Qrunflesh (1995) noticed that the rooting percentage was greater in
softwood cutting of Jasminum grandiforum when treated with NAA at 500 mg/liter.

Basavarajeshwari and Kanamadi (1998) treated the hardwood cuttings of
Jasminum grandiflorum, J. sambac and J. auriculatum with IBA at 2000, 4000 and
6000 ppm concentrations. They found that maximum rooting percentage in IBA at
4000 ppm within all the three species.

Patel (2001) revealed that 4,000 ppm IBA was found best for obtaining good
rooting in cuttings, length and thickness of the longest root, number of main roots,
sprouting and number of shoots per rooted cuttings as well as fresh and dry weight of
roots and survival percentage of rooted cutting among different levels of IBA (1,000,
2,000, 3,000, 4,000 and 5,000 ppm), in hardwood cutting of Jasminum sambac cv.
'Double Mogra'.

Singh (2001) studied the rooting and survival of Jasminum sambac cv. Double

Mogra stem cuttings. The cuttings were treated with IAA and IBA at 1000, 2000 and
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3000 ppm and NAA at 500, 1000 and 1500 ppm. He found the highest rooting
percentage, root number and root length in treatment 2000 ppm IBA.

Hirapara et al. (2007) recorded that the effect of NAA (2000, 3000, 4000 ppm)
and IBA (2000, 3000, 4000 ppm) on vegetative propagation of Jasminum arborescens
L. cv. Paras, through semi-hard wood cutting and reported that the higher survival
percentage, rooting percent and length of longest root per cutting were recorded with
IBA of 4000 ppm.

Netam (2018) treated cuttings of Jasminum sambac L. Aiton with IBA (500,
1000, 1500 and 2000 ppm). The maximum survival percentage (88.33%) of rooted
cuttings, less days to sprouting per cuttings (8.25), maximum number of buds per
cutting (2.75), number of leaves per rooted cutting (10.58) and length of shoot per
rooted cutting (3.30 cm) were recorded maximum with treatment of IBA at 1500 ppm.
While the maximum number of main roots per rooted cutting (9.33) and length of root

per rooted cutting (5.10 cm) was also recorded at 1500 ppm IBA.

2.2.5 Poinsettia

Singh and Singh (2005) observed that the cuttings of poinsettia treated with
3000 ppm IBA have obtained the significantly maximum number of primary and
secondary roots per cutting, longest root, diameter of root, maximum fresh weight of
roots per cutting, highest number of leaves per cutting, maximum length and diameter
of sprout.

Ramtin et al. (2011) resulted that the combined treatment with lower cutting
of poinsettia and hormone density of 1000 mg/l IBA increased rooting, which resulted
maximum length of root (53.24 mm), number of cyathium (70.19), number of bracts

(25.63), number of buds (215.65) and number of leaves (34.50).
2.2.6 Ixora

Gupta and Kher (1989) treated the cuttings of ixora with IBA at 1,000 to
5,000 mg/l and they found that maximum rooting percentage (86.7%), maximum
number of primary roots (24.6) as well as highest survival percentage (96.1%) of

cuttings with IBA at 2,000 mg/1.

16



Shirol et al. (1992) treated the stem cuttings of Ixora singaporensis with IBA
or NAA each at 2000, 3000 and 4000 ppm alone or in combination. They observed

that 2000 ppm IBA concentration gave the maximum rooting percentage.

Bhattacharjee and Balakrishna (1992) found that the stem cuttings of Hamelia
patens and Ixora singaporensis treated with IBA 4000 ppm stimulated maximum
rooting, survival percentage and large number of roots.

Dave et al. (1993) studied on the ixora stem cuttings treated with IBA, NAA
and TAA at 1,000, 2,000 and 3,000 mg/lit each by quick dip method. They observed
that among all treatments, IBA at 2,000 mg/lit was the most effective in inducing
rooting as compared to IAA and NAA.

Mallareddy and Vittal (1993) conducted an experiment to study the efficacy of
cool-humid chamber on rooting of Ixora singaporensis by employing four
concentrations of IBA viz., 0, 1,000, 2,000 and 3,000 mg/litre. IBA 3,000 mg/litre
gave significantly higher survival percentage (88.89), rooting percentage (100) and
maximum number of roots (40.31) among all the concentrations but it was at par with
2,000 mg/litre except in case of number of roots per cutting.

Thakor (1994) revealed that the hardwood cuttings of ixora treated with 3,000
ppm IBA + NAA mixture was the most effective for rooting.

Patel and Dave (1996) found that the cuttings of ixora treated with IBA at
2,000 ppm promoted the highest rooting (62.63%) followed by IAA, 3,000 ppm
(58.13%) and NAA 1,000 ppm (56.75%).

Thakor et al. (1996) revealed that hardwood cuttings of ixora treated with

3,000 ppm of IBA + NAA solution was found most effective for stimulated rooting.

2.2.7 Carnation

Gowda et al. (2017) studied the effect of IBA on rooting of different carnation
genotypes. IBA showed significant difference for rooting percent, days to root
initiation, number of roots per cutting, root length, fresh weight of roots and dry
weight of roots.

Prince and Beniwal (2017) studied an influence of Indole-3-Butyric Acid on
rooting efficiency in different carnation genotypes under protected condition. As
compared to 200 ppm concentration, 500 ppm IBA resulted in the maximum

percentage of rooting.
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2.2.8 Marigold

Bhatt and Chouhan (2012) studied effect of different rooting hormones and
their different combination on rooting of African Marigold (Tagetes erecta L.) and
results found that maximum number of roots per cutting after 20 and 30 days was
40.53 and 58.79, respectively under the treatment at IBA + NAA 150ppm. The length
of stem per cutting was maximum (6.1 and 15.33 c¢cm) under IBA + NAA 150ppm
after 20 and 30 days, respectively. The length of root per cutting was recorded
maximum (4.6 cm) under NAA 200ppm after 20 days and (5.51 cm) under IBA +
NAA 150ppm after 30 days.

Sharma (2014) conducted experiment to observe the effect of rooting hormone
IBA on propagation of marigold and concentrations 0, 100, 200, 300, 400, 500 ppm
were treated to well-prepared marigold cuttings and reported that the root length (9.14
cm) and root spread (4.53 cm) was highest in 200 ppm of IBA. Whereas, the
maximum number of roots (44.43), higher fresh weight (0.71 gm) and dry weight
(0.079 gm) of roots found in 400 ppm of IBA.

Majumder et al. (2014) revealed that in shoot tip culture of Marigold cv. Pusa
Narangi Gainda half-strength MS medium supplemented with 1.0 mg/l NAA and 1.0
mg/l IBA was found to be efficient for rooting (87.33%). While MS medium
supplemented with low auxin (0.2 mg/l NAA) was found to be highest shoot
multiplication (10.15 shoots/explant).
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CHAPTER-III
MATERIALS AND METHODS

The present investigation on “Studies on effect of different rooting hormones
on stem cutting of croton (Codiaeum variegatum)’’ was carried out at Department of
Horticulture, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, during the year
2021-22. The materials used, techniques adopted, methodology and statistical analysis
for conducting the experiment and observations recorded during the course of

investigation are described in this chapter.

3.1 Geographical and weather conditions of the experimental site

The experiment was laid out in the shade net house. Geographically, Parbhani
is situated between 190 27 North latitude and 760 78’ East longitudes at an altitude of
408.50 meters above the mean sea level. The climate of Marathwada region on annual
basis is classified as semi-arid type. Parbhani is grouped under assured rainfall zone.
The region experiences hot dry summer (March - May), cold dry winter (October -
February) and wet humidity with medium rainfall in monsoon season (June -
September). But due to vagaries of monsoon the crop production is always at a risk.
Mean rainfall received in experimental year was 283.25 mm, distributed in 51 rainy
days. The maximum temperature range during experiment season from 16.5 to 33.8°C
(2021) whereas mean minimum temperature varied in between 11.3 to 23.1°C (2021).

Relative humidity range observed 22 to 100 percent during the period of experiment.

3.2 Preparation of media

The media was prepared in the ratio of 1:2:1 of red soil, sand and FYM
respectively. The sand was taken as a major part has low water retention but excellent
aeration. The media was prepared by mixing the one part of red soil and one part of
FYM and two parts of sand and the media was filled in nine inches polybags. The media
was treated with 50 g Carbendazim (50% w/p) and Chloropyriphos 100 ml (20 EC) for

prevention against soil borne fungal diseases and termites, respectively.

33 Experimental details
The experiment was laid out in CRD (Completely Randomized Design) with

Ten treatment combinations replicated thrice.
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1. Name of the Crop

2. Botanical name

3. Number of treatments

4. Number of cuttings
pertreatments

5. Number of replications

6. Location

7. Experimental design

Croton

Codiaeum variegatum

10

20

03

Department of Horticulture,
Vasantrao Naik Marathwada
Krishi Vidyapeeth, Parbhani.

Completely Randomized Design

8. Date of planting August 2021
9. Method of planting Polybag
Table 3.1: The details of treatments
Treatments Name of Plant Growth Concentration
Treatment Regulators (ppm)
T IAA Indole-3-acetic acid 500
T2 IAA Indole-3-acetic acid 1000
T3 IAA Indole-3-acetic acid 1500
T4 IBA Indole-3- butyric acid 500
Ts IBA Indole-3- butyric acid 1000
Te IBA Indole-3- butyric acid 1500
T7 NAA Naphthalene acetic acid 500
T NAA Naphthalene acetic acid 1000
To NAA Naphthalene acetic acid 1500
Tio ‘ Control ) )
(Distilled water)

3.4  Methodology

Treatments were evaluated in a completely randomized design (CRD) with three
replications, each replication consisted of 20 cuttings. Semi-hardwood croton cuttings
used in this study. Red soil + Sand + FYM in the ratio of 1:2:1 was used as a rooting

media. Auxins are widely used for promoting rooting of hardwood cuttings (Hartman
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Plate 1: General view of the experiment.



et al., 2002) IAA, IBA and NAA are used as rooting hormones. The formulations of
auxins were prepared by dissolving the pure compound in 95% ethanol and adding
distilled water. Control treatment was maintained without combination of auxins.
Cutting of 6 - 8 buds were prepared after discarding the non-hardened upper parts. In
order to reduce the transpiration, all leaves are removed from the cuttings. The basal
end of cuttings was dipped briefly in a fungicide solution @ 0.1% of Captan prior to

imposing rooting hormone treatments.

3.5 Plant growth regulators (PGRs) used in experimentation

Table 3.2: Plant growth regulators used in experimentation

Sr. | Growth regulator Molecular Mxﬁc‘lllltar Nature of
No. (Auxins) formula g solubility
(g/mol)
|| Indole-3-acetic Aifolhol
acid (IAA) Ci10HoNO2 175.18 (Polar
solvents)
5 | Indole-3-butyric Ai§301h01
acid (IBA) C12Hi3NOz 203.24 (Polar
solvents)
Alcohol
3 l—N'flpht}'lelene C1aH10s 18621 e
acetic acid (NAA)
solvents)

3.6  Preparation of treatment solutions

3.6.1 Preparation of IAA solutions

To prepare 500 ppm of Indole Acetic Acid solution 500 mg of IAA was
dissolved in 10 ml of ethanol taking in a volumetric flask and then the volume was made
to one litreby adding required amount of distilled water followed by frequent stirring.
A 1000 ppm TAA solution was prepared by dissolving 1 g of [AA powder in 10 ml of
ethanol taking in a volumetric flask and then the volume was made to one litre by adding
sufficient distilled water with frequent stirring. Similarly, 1500 ppm of IAA solution
was made by dissolving 1500 mg of IAA in 10 ml of ethanol taking in a volumetric
flask and then the volume was made to one litre by adding required quantities of

distilled water with frequent stirring.
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3.6.2 Preparation of IBA solutions

To prepare 500 ppm of Indole Butyric Acid solution 500 mg of IBA was
dissolved in 10 ml of ethanol taking in a volumetric flask and then the volume was made
to one litre by adding required amount of distilled water followed by frequent stirring.
A 1000 ppm IBA solution was prepared by dissolving 1 g of IBA powder in 10 ml of
ethanol taking in a volumetric flask and then the volume was made to one litre by adding
sufficient distilled water with frequent stirring. Similarly, 1500 ppm of IBA solution
was made by dissolving 1500 mg of IBA in 10 ml of ethanol taking in a volumetric
flask and then the volume was made to one litre by adding required quantities of

distilled water with frequent stirring.

3.6.3 Preparation of NAA solutions

To prepare 500 ppm of NAA, solution 500 mg of NAA was dissolved in 10 ml
of ethanol taking in a volumetric flask and then the volume was raised to one litre by
adding distilled water with frequent stirring. 1 g of NAA powder was dissolved in 10
ml of ethanol taking in a volumetric flask and then the volume was made to one litre by
adding sufficient amount of distilled water with frequent stirring to prepare 1000 ppm
of NAA solutions. Similarly, 1500 ppm of NAA solution was prepared when 1500 mg
of NAA powder was dissolved in 10 ml of ethanol taking in a volumetric flask and then
the volume was made to 1 litre by adding required amount of distilled water with

frequent stirring.

3.7  Preparation of cuttings

Fresh branches were collected from 3-4 years old healthy plants of Codiaeum
variegatum from the college nursery. All the branches were removed from the semi-
hardwood branches after which they were cut into 15 cm long segments with 6-8 nodes.

A slant cut was given at the base of the cuttings.

3.7.1 Treatment of cuttings

Different concentrations of IAA, IBA, NAA were used for treatment by dipping

basal end of cuttings in jars containing 100 ml growth regulator solution.

3.7.2 Treatment application and planting of cuttings

The method adopted for treatment of cuttings with growth regulator solution
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Plate 2: Dipping the cuttings of Croton in treatment solutions.



with the help of quick dip method. In which, the basal end of the prepared cuttings were
kept standing in solution of growth regulator to a depth of 2.5-3.0 cm for 2 to 5 minutes.
twenty cuttings for each treatment were treated with the growth regulators and repeated
thrice in Completely Randomized Design. The treated cuttings were planted in polybags
under shade net house as per treatment. The planting was done in slightly slanting

position.

3.7.3 After care

The polythene bags were kept moist by watering regularly with rose-can at an
interval of 2-3 days. The weeds were timely removed manually from the polythene
bags.

3.8 Details of observations recorded

Five randomly chosen cuttings in each replication of all treatments were labeled
and used for recording the observations. The mean of these five cuttings were used for
statistical analysis. The parameters studied and techniques adopted to record the

observations are given below.

3.8.1 Number of days taken for sprouting

Number of days taken from the day of planting to the appearance of the first bud

on any of the cuttings in each treatment was recorded and expressed in number of days.

3.8.2 Number of days taken to root formation

Number of days taken from the day of planting to the formation of root in any

of the cuttings in each treatment was recorded and expressed in number of days.
3.8.3 Success percentage

The percentage of rooted cuttings were calculated by dividing the number of

rooted cuttings with the total number of cuttings planted and multiplied with hundred.
3.8.4 Mortality percentage

Mortality percentage of cuttings was recorded in each treatment one month after
propagation in polythene bags by counting the total number of dead cuttings out of total

cuttings planted in polythene bags.

25



3.8.5 Number of shoots per cutting

The number of shoots that have emerged from the cutting was counted on five

selected plants.

3.8.6 Length of the shoot per cutting (cm)

Shoot length (cm) of all the cuttings was measured by using a measuring scale

from base level of shoot to the growing tip.

3.8.7 Number of roots per cutting

The cuttings were uprooted carefully to avoid any damage to root system. The
roots of each cutting were thoroughly washed to remove sand in running tap water and

number of roots on each cutting was recorded.

3.8.8 Length of the root per cutting (cm)

The cuttings were uprooted carefully to avoid any damage to root system. The
roots of each cutting were thoroughly washed to remove sand in running tap water and

length of the root was measured with a centimeter scale.

3.8.9 Number of leaves per cutting

Number of leaves per cutting was counted on five selected plants and the mean

was calculated.

3.8.10 Plant height (cm)

Plant height (cm) of all the cuttings was measured by using a measuring scale

from base level to the growing tip.
3.8.11 Survival percentage of the cuttings

The number of living plant was transplanted in polythene bags and after three
weeks of transplanting of rooted cuttings the survival percentage of rooted cuttings was

worked out under different treatment.
3.8.12 Fresh weight of shoot per cutting (g)

Total numbers of shoots from the selected cuttings were taken for weighing and

fresh weight was recorded by electronic balance.
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3.8.13 Fresh weight of the root per cutting (g)

The cuttings uprooted to record number of roots per cutting were used to note
this parameter. Roots were detached from the cuttings and fresh weight was taken with

the help of electronic balance.

3.8.14 Dry weight of the shoot per cutting (g)

After recording the fresh weight of shoot and root the separated material was
kept for drying. Then shoots were kept in perforated paper bags which were kept in

oven and dried till constant weight was obtained.

3.8.15 Dry weight of root per cutting (g)

Roots detached from the cuttings for which fresh weight was taken were kept in
paper bags and later in oven and dried till constant weight is obtained. Oven dried

samples were weighed on electronic balance.

3.8.16 Root: shoot ratio

Root: shoot ratio was worked out by using formula

Dry weight of root

Root: shoot ratio =
Dry weight of root

3.9  Economics of cuttings production
3.9.1 Cost of producing single cutting

The cost of inputs used in the experiment were calculated, and selling price of

single cutting was recorded for each individual treatment and expressed in rupees.

3.9.2 Success percentage

Per cent rooting of cuttings in each individual treatment was recorded and

expressed in percentage.

3.9.3 Price of each cutting

The selling price of single cutting was taken based on the commercial nursery
price in rupees.

3.9.4 Gross Income for 100 cuttings

The gross income for 100 cuttings was obtained by multiplying survival

percentage and price of each cutting and expressed in rupees.
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3.9.5 Expenditure for producing 100 cuttings

The expenditure for producing 100 cuttings was obtained by multiplying cost

of producing single cutting into 100 and expressed in rupees.

3.9.6 Netincome for 100 cuttings

Net income was calculated by subtracting expenditure for producing 100

cuttings from gross income and expressed in rupees.

3.9.7 B:C ratio

Benefit : cost ratio was worked out by using formula

Gross return from 100 cuttings

Benefit : cost ratio =
Expenditure for producing 100 cuttings

3.10 Statistical analysis

The data on sprouting, rooting and shooting of croton recorded during the course
of investigation and subjected to statistical analysis as per the method given by Panse
and Sukhatme (1967), using the mean values of random plants in each replication from
all the treatments, the appropriate standard error of mean SE (m#) and critical

difference (CD) were calculated at five per cent significance level.
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CHAPTER -1V

RESULTS AND DISCUSSION

The present investigation entitled “Studies on effect of different rooting
hormones on stem cutting of croton (Codiaeum variegatum).” was conducted at the
Department of Horticulture, Vasantrao Naik Krishi Vidyapeeth, Parbhani during
2021-22. This chapter deals with the results obtained for various characters of shoot
and root growth of croton as influenced by different concentrations of IAA, IBA and
NAA. The data has been presented in tabular form and also supported by graphical
representation, wherever necessary along with statistical interpretation. Data recorded

on various aspects during the course of investigation revealed interesting facts.

4.1 Number of days taken for sprouting

The semi hardwood cuttings responded to growth regulators to induce
sprouting. It was found that treatment of cuttings resulted significant difference in
sprouting. The results pertaining to number of days taken to sprouting have been
presented in Table 4.1 and depicted graphically in Fig. 4.1.

The results of present study revealed that treatment Ts i.e. IBA 1000 ppm
induced early sprouting of cutting (20.20) compared to all other treatments
significantly which was at par with treatment Ts i.e. IBA 1500 ppm (20.37) and
treatment Ty i.e. NAA 1500 ppm (21.32). Remaining all other treatments recorded
intermediate results. However, the maximum number of days (24.34) for sprouting of
cuttings was taken by the control.

Cuttings treated with IBA showed less number of days taken to sprouting and
it could be attributed to auxin and its appropriate concentration which promoted the
formation of callus tissue and differentiation of vascular tissue (Mitra and Bose 1957).
These results are probably due to the application of IBA at suitable concentrations,
that increased IBA oxidase activity and promoted earlier roots formation (Carpenter
and Cornell 1992). IBA is the best root promoter due to its fast auxin activity and an
enzymatic system of fairly slow destruction. Auxin treatment may have increased
rooting in treated cuttings by supplementing the endogenous auxin concentration at
the base of the cuttings, which expedited root initiation and development of root

primordial (Hartmann et al. 2002) Additionally, the early sprouting may be caused by

29



due to utilization of stored carbohydrates, nitrogen and other elements present in
cutting with the help of growth regulators (Chandramouli 2001).

Above results are in conformity with the Hoda (2021) in croton cuttings
treated with 2000 ppm IBA recorded the shortest days to sprouting. Dhua et al. (1982)

in guava cuttings, Kumari et al. (2013) in Jatropha curcas.

Table 4.1: Effect of plant growth regulators on number of days taken for
sprouting in croton cuttings

Treatment No. Name of Treatment Numbers(l))il:(()ilz:zfi;tgaken for
T IAA 500 ppm 23.10
T2 [AA 1000 ppm 22.39
T3 [AA 1500 ppm 21.51
T4 IBA 500 ppm 22.08
Ts IBA 1000 ppm 20.20
Te IBA 1500 ppm 20.37
T7 NAA 500 ppm 22.59
Tsg NAA 1000 ppm 21.75
To NAA 1500 ppm 21.32
Tho Control 24.34

S.E(m).x 0.40
C.D. @ 5% 1.27

4.2 Number of days taken to root formation

The data related to number of days to root formation as influenced by the plant
growth regulators on croton cutting is presented in Table 4.2 and depicted graphically
in Fig. 4.2

It clearly indicates that, for root formation in croton cuttings the plant growth
regulators differed significantly, the treatment Ts IBA 1000 ppm recorded minimum
(17.61) number of days to root formation and significantly at par with treatment Ts
i.e. IBA 1500 ppm (18.43) and treatment To i.e. NAA 1500 ppm (18.52). To induce
root formation there was significantly maximum number of days (22.07) was

registered in control. Remaining all other treatments showed intermediate results.
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Plate 3: Sprouting observed in the cutting treated with IBA 1000 ppm .



The number of days to root formation was found earlier in cuttings treated
with IBA and it may be due to IBA stimulates initiation of cambial activity, root
initials and triggers early formation of root primordia. Additionally, early rooting in
cuttings treated with IBA may be aided by the fact that they are more persistent and

do not translocate from the site of treatment.

Table 4.2: Effect of plant growth regulators on number of days taken to root
formation in croton cuttings

Treatment No. Name of Treatment Number Offogflg’:ésll:en to root
T IAA 500 ppm 20.86
Tz IAA 1000 ppm 19.93
T3 IAA 1500 ppm 19.40
T4 IBA 500 ppm 19.29
Ts IBA 1000 ppm 17.61
Te IBA 1500 ppm 18.43
T7 NAA 500 ppm 19.26
Ts NAA 1000 ppm 18.75
To NAA 1500 ppm 18.52
Tio Control 22.07

S.E(m).+ 0.79
C.D. @ 5% 2.35

Rooting of cuttings revealed the presence of auxin which produced in buds or
young leaves and carried to the base of the cutting and stimulated the formation of
callus and emergence of roots (Shadparvar et al. 2011). Auxin may promote high
metabolic activity and maximum utilisation of sugar and starch after stem hydrolysis,
hence it becomes clear to inderstand why roots develop more quickly and rooting is
improved. Among the various auxins superior effect of IBA was noticed because of
its higher chemical stability and slow mobility in the plant system.

These findings were agreement with the eralier research of Stefancic et al.
(2005) who resulted that Early adventitious root formation is impacted by IBA
treatment. The considerable influence of the IBA on the rooting and root growth has

been experimentally substantiated by several workers like Hirapara ef al. (2007) and
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Patel (2001) in Jasmine, Shirol et al. (1992) and Sochacki and Chmiel (1994) in
Poinsettia pulcherrima, Torkashvand and Shadparvar (2011) in Hibiscus, Patel (2011)
and Sahariya et al. (2013) in Bougainvillea.

4.3 Success percentage

The results pertaining to success percentage have been presented in Table 4.3
and depicted graphically in Fig. 4.3.

Treatments of plant growth regulators exhibited significant difference in
success percentage of cuttings. The maximum success percentage was observed in
treatment Ts i.e. IBA 1000 ppm (78.86) followed by treatments Ts i.e. IBA 1500 ppm
(76.17) and treatment To i.e. NAA 1500 ppm (74.12) and minimum was observed in
control (61.58).

Table 4.3: Effect of plant growth regulators on success percentage of croton

cuttings
Treatment No. Name of Treatment Success percentage

T IAA 500 ppm (g;:gg)*
T, IAA 1000 ppm (gig;)
Ts TIAA 1500 ppm éﬁﬂ)
T, IBA 500 ppm (;;:3;)
Ts IBA 1000 ppm (Zi;ﬁg)
Ts IBA 1500 ppm (Z?,;%)
T, NAA 500 ppm (223411)
Ts NAA 1000 ppm (gﬁggi)
To NAA 1500 ppm (ggélé)
Tio Control (gizg)

S.E(m).+ 169

C.D. @ 5% 504

* Figures in parentheses are arcsine transformed value
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This might be due to the fact that auxin is known to 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). The
specific concentration of IBA induced maximum number of roots with considerable
length and hence formed well developed root system for better establishment of
rooted cuttings (Singh and Singh 2005) in Croton.

This result is in close approximately with the findings of Sultana (2006) in

nerium, bougainvillea and Jasminum and Hemlata et a/. (2013) in croton.

4.4 Mortality percentage

The results pertaining to mortality percentage have been presented in Table
4.4 and depicted graphically in Fig. 4.4.

Treatments of plant growth regulators exhibited significant difference in
mortality percentage of cuttings. The minimum mortality percentage was observed in
treatment Ts i.e. IBA 1000 ppm (21.14) followed by treatments T¢ i.e. IBA 1500 ppm
(23.83) and treatment To i.e. NAA 1500 ppm (25.88) and maximum was observed in
control (38.42).

This might be due to stronger framework of root system lead to less number of
failure cuttings.

Our findings with respect to mortality percentage of croton cuttings after
treatment with rooting hormones at different concentration are in closely conformity
with the earlier findings as reported by (Preece 2003) who found that cuttings treated
with moderate concentrations of IBA hormone (400 ppm to 500ppm) and high
concentrations of NAA hormone resulted in low mortality percentage which made
them to perform better even after transplanting as compared to other concentrations
and control, and also resulted in better number of rooted cuttings.

This reason might be due to the fact that applied auxin is capable of
stimulating adventitious rooting although promoting rooting on stem terminal cuttings
depends on adequate absorption by plant tissue however, the absorption of auxin
solutions at the base of terminal stem cuttings can be influenced by the concentration
and treatment duration such as at high concentrations it can inhibit subsequent bud
break and results to an increase in the amount of callus and retard elongation of young
shoots (Loach 1988).

Several studies have also shown that exogenous application of auxin i.e. IBA
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and NAA resulted in reduction of mortality percentage as reported in several studies

such as Nisio (1998) and Qin and Luo (2007) in chrysanthemum.

Table 4.4: Effect of plant growth regulators on mortality percentage of croton

cuttings
Treatment No. Name of Treatment Mortality percentage

T IAA 500 ppm (gg:i;)*
T» IAA 1000 ppm (;?,‘5‘;33)
Ts IAA 1500 ppm é;;gﬁ)
T, IBA 500 ppm éigf})
Ts IBA 1000 ppm é;;;‘)
Te IBA 1500 ppm é;;ii)
Ty NAA 500 ppm (gg;g)
Ty NAA 1000 ppm é;ﬁ)
To NAA 1500 ppm éf,;ﬁ%
Tio Control (ggg%)

S.E(m).+ 1.50

C.D. @ 5% 4.78

* Figures in parentheses are arcsine transformed value

4.5  Number of shoots per cutting

The results pertaining to number of shoots per cutting have been presented in
Table 4.5 and depicted graphically in Fig. 4.5

Plant growth regulators treatments exhibited significant difference on number
of shoots per cuttings in Croton. The results of present study revealed that treatment
Ts i.e. IBA 1000 ppm induced maximum number of shoots per cuttings (3.22)
compared to all other treatments significantly which was at par with treatment Te i.e.
IBA 1500 ppm (2.78) and treatment To i.e. NAA 1500 ppm (2.67). All other
remaining treatments recorded intermediate results. However, the minimum number

of shoots (1.24) observed in control.
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The cuttings treated with IBA produced the maximum number of shoots per
cutting, which may have been a result of the vigorous root system which enhanced
nutrient uptake under the combined influence of IBA. Growth regulators helped to
mobilise the stored food material that was present in the cutting. This may have
accelerated sprouting by generating a sink at the base of cuttings and improving
photosynthesis, which would have improved the use of carbohydrates (Singh et al.
2013).

These findings were agreement with the earlier research of Alshammary et al.
(2013) in Bougainvillea peruviana cv. Shubra and Hamelia patens and Panwar (1988)
and Patel (1990) in stem cuttings of bougainvillea.

These findings were agreement with the earlier research of Stefancic et al.
(2005) who resulted that early adventitious root formation is impacted by IBA
treatment. The considerable influence of the IBA on the rooting and root growth has

been experimentally substantiated by several workers like Hirapara et al. (2007) and

Table 4.5: Effect of plant growth regulators on number of shoots per cutting

Treatment No. Name of Treatment Number of shoots per cutting
T IAA 500 ppm 1.94
T2 IAA 1000 ppm 2.06
T3 TAA 1500 ppm 2.20
T4 IBA 500 ppm 2.59
Ts IBA 1000 ppm 3.22
Te IBA 1500 ppm 2.78
T7 NAA 500 ppm 2.00
Ts NAA 1000 ppm 231
To NAA 1500 ppm 2.67
Tio Control 1.24

S.E(m).+ 0.19
C.D. @ 5% 0.59

Patel (2001) in Jasmine, Shirol e al. (1992) and Sochacki and Chmiel (1994) in
Poinsettia pulcherrima, Torkashvand and Shadparvar (2011) in hibiscus, Patel (2011)
and Sahariya et al. (2013) in Bougainvillea.
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4.6 Length of the shoot per cutting (cm)

Shoot length is one of the main characters representing vegetative growth of
plant. The length of the longest shoot was recorded at 60 days after planting of
cuttings. The effect of different treatments on length of shoot is presented in Table 4.6
and depicted graphically in Fig. 4.6.

The treatment of the cuttings of croton with plant growth regulators had
significantly influenced the length of the shoot per cutting. In different levels of
growth regulators, treatment Ts i.e. IBA 1000 ppm recorded the highest shoot length
(4.06 cm) as compared to rest of the treatments. Which was statistically at par with
treatment T i.e., 1500 ppm IBA (3.57). All other remaining treatments recorded
intermediate results. The minimum length (0.89 cm) of the shoot was noticed in
treatment T1o (control). The inhibitory or toxic effects of IBA at greater levels could
account for the shorter length of the longest shoot at higher concentrations.

Table 4.6: Effect of plant growth regulators on length of shoot per cutting (cm)

Treatment No. Name of Treatment Length of shoot per cutting (cm)
T IAA 500 ppm 1.38
T2 TAA 1000 ppm 1.99
T3 [IAA 1500 ppm 2.30
T4 IBA 500 ppm 3.23
Ts IBA 1000 ppm 4.06
Te IBA 1500 ppm 3.57
T7 NAA 500 ppm 1.76
Ts NAA 1000 ppm 2.18
To NAA 1500 ppm 3.39
Tho Control 0.89

S.E(m).+ 0.17
C.D. @ 5% 0.51

Better vegetative development with IBA 1000 ppm treated cuttings may be
attributed to the greatest number of roots, which likely absorb more nutrients and
water from the soil and enhanced photosynthesis, which ultimately led to more

growth. (Singh and Singh 2005). Additionally, auxin may influence the cell wall,
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turgor, osmotic pressure, and water permeability, which results in cell expansion and
accelerated vegetative growth and it results into the rise in the shoot length (Taiz and
Zeiger 2000).

Auxin increased protein synthesis, cell development, and cell division, which
may have led to an increase in vegetative growth (Evans 1973). The shoot length
increases with the auxin concentration (Awad et al. 1988).

Above results were supported by the earlier research of Nasib ez al. (2008) in
crotons and Akhtar et al. (2015) in Rosa centifolia, Sharma et al. (2014) in Jasmine

and Chovatia ef al. (1995) in cutting of Bougainvillea cv. "Mary Palmer".

4.7  Number of roots per cutting

The results pertaining to number of roots per cutting of croton have been
presented in Table 4.7 and depicted graphically in Fig. 4.7.

The result revealed that number of roots per cutting was significantly
influenced due to different levels of plant growth regulators. Indole Butyric Acid
significantly increased the number of roots per cutting. The treatment Ts (1000 ppm
IBA) recorded the highest number of roots per cutting (14.86) at 30 DAP which was
at par with treatment Ts i.e. 1500 ppm IBA (14.53) and treatment Ty i.e. NAA 1500
ppm (14.17). In case of 60 DAP, the treatment Ts (1000 ppm IBA) recorded
maximum number of roots per cutting (26.75), which was at par with treatment T i.e.
500 ppm IBA (24.31), T i.e. 1500 ppm IBA (25.46) and treatment To i.e. NAA 1500
ppm (24.12). However, the minimum number of roots per cutting (7.13 and 11.73)
was recorded in the treatment T1o (control) at 30 and 60 DAP, respectively.

IBA at 1000 ppm concentration increased the number of roots. There is a
decrease in number of roots with the increasing concentration of IBA above 1000
ppm. Reason for this may be due to the fact that auxin helps in rooting behavior only
up to particular limit. If higher concentrations that go above the acceptable limits
could result in poor or unfavourable circumstances and toxicity of the exogenously
applied chemicals (Hartmann and Kester 2002). Initiation of rooting primordia may
not be possible with the endogenous auxins that reach the cambial zone. Roots began
to grow earlier and in greater numbers when IBA was applied externally at the
recommended doses.

The action of auxin may have triggered the hydrolysis and transfer of

carbohydrates and nitrogenous substances at the base of cuttings, which may have
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contributed to the maximum number of roots per cutting with treatment of IBA
(Hartmann et al. 2007). Furthermore, proper absorption by plant tissues at the right
concentration is necessary to promote roots on Croton stem cuttings when IBA is
applied exogenously.

Above results are in conformity with the Hoda (2021) in croton cuttings treated with
2000 ppm IBA recorded the maximum number of roots per cutting. Gupta and Kher
(1989) observed the favourable response of IBA in ixora cuttings in which IBA might
have helped in increasing the cell multiplication leading to increased number of roots

in ixora cuttings.

Table 4.7: Effect of plant growth regulators on number of roots per croton

cutting
Number of roots per croton
Treatment No. Name of Treatment cutting
30 DAP 60 DAP
T [AA 500 ppm 10.40 17.86
T2 IAA 1000 ppm 12.00 20.93
T3 IAA 1500 ppm 13.81 21.54
T4 IBA 500 ppm 13.38 2431
Ts IBA 1000 ppm 14.86 26.75
Te IBA 1500 ppm 14.53 25.46
T7 NAA 500 ppm 12.14 21.60
T NAA 1000 ppm 12.42 23.97
To NAA 1500 ppm 14.17 24.12
Tio Control 7.13 11.73
S.E(m).+ 0.37 0.87
C.D. @ 5% 1.17 2.64

Above results are in conformity with the Yeshiwas ef al. (2015) in rose with
1000 ppm increased the number of roots. Netam (2018) in Jasminum sambac L. Aiton
stem cuttings, maximum number of main roots per rooted cutting (9.33) recorded at
1500 ppm IBA. Gowda et al. (2017) in carnation increased the number of roots at
IBA 200.
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Plate 4: Effect of IBA 1000 ppm on number of roots per cutting.



4.8 Length of the root per cutting (cm)

The results pertaining to length of roots per cutting of croton have been
presented in Table 4.8 and depicted graphically in Fig. 4.8.

The result revealed that length of roots per cutting was significantly influenced
due to different levels of plant growth regulators. Indole Butyric Acid significantly
increased the length of roots per cutting. The treatment Ts ie. IBA 1000 ppm
recorded the longest length of roots per cutting (2.22) at 30 DAP which was at par
with treatment Ts i.e. 1500 ppm IBA (2.08) and treatment Ty i.e. NAA 1500 ppm
(2.04). In case of 60 DAP, the treatment Ts i.e. IBA 1000 ppm recorded the longest
length of roots per cutting (4.58), which was at par with treatments T¢ i.e. 1500 ppm
IBA (4.17) and treatment To i.e. NAA 1500 ppm (3.90). However, the minimum
length of roots per cutting (0.84 and 1.94) was recorded in the treatment T1o (control)
at 30 and 60 DAP, respectively.

The growth of roots in plants is controlled by growth substances and a crucial
role in this process is being played by auxins hence an external application of
synthetic auxins may enhance the effect of endogenous auxins or directly triggered
rhizogenesis (Kralik and Sebahenek 1980).

The increased length of roots in cuttings of Croton treated with auxins (IBA
1000 ppm) may be due to the contraction of metabolites at the site of application,
which results to the cell expansion, improved hydrolysis of carbohydrates, synthesis
of new proteins and cell division driven by auxins (Strydem and Hartmann 1960) and
also this outcome could be attributed to auxin which plays a vital role in the process
of cell elongation. Furthermore, it was observed that all treated cuttings had higher
root length as compared to untreated cuttings.

Similar to our research findings the significant increase in average root length
after application of rooting hormones such as IBA and NAA have also been reported
earlier by Janakiram et al. 2006.

The results obtained are in conformity with the Mehraj et al. (2013) in
Bougainvillea spectabilis stem cuttings with IBA 1000 ppm increased root length.
Siddiqui and Hussain (2007) in Ficus hawaii cuttings with 4000 ppm IBA increased
root length.
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Table 4.8: Effect of plant growth regulators on length of root per croton cutting

Length of roots per croton cutting
Treatment No. Name of Treatment
30 DAP 60 DAP
T IAA 500 ppm 1.17 2.63
T2 [AA 1000 ppm 1.64 3.28
Ts [IAA 1500 ppm 1.97 3.55
T4 IBA 500 ppm 1.76 3.44
Ts IBA 1000 ppm 2.22 4.58
Te IBA 1500 ppm 2.08 4.17
T7 NAA 500 ppm 1.87 2.85
Tg NAA 1000 ppm 1.98 3.76
To NAA 1500 ppm 2.04 3.90
Tho Control 0.84 1.94
S.E(m).+ 0.07 0.23
C.D. @ 5% 0.21 0.70

Similar, results were also observed by Panwar et al. (2001) and Patel (1990) in
stem cuttings of bougainvillea and Singh er al (1993) in fig, who found that

exogenous application of auxins resulted in increased root length.

4.9  Number of leaves per cutting

In terms of number of leaves per cutting of croton, the results have been
presented in Table 4.9 and depicted graphically in Fig. 4.9.

Treatments of plant growth regulators were found significantly different in
number of leaves per cutting. The results of present study revealed that IBA 1000
ppm induced maximum number of leaves (12.85) compared to all other treatments
significantly, which was followed by treatment Ts i.e. IBA 1500 ppm (11.27) and
NAA 1500 ppm (10.55). All other remaining treatments recorded intermediate results.
However, the minimum number of leaves (3.24) found in control.

One of the primary symbols for plant vegetative growth is the leaf. Increase in
number of leaves might be attributed to early initiation of roots induced by the growth
regulators and an increased root number, root length and vigorous growth that might

have enabled cuttings to absorb more water and nutrients from rooting media, leading
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Plate S: Effect of IBA 1000 ppm on length of roots per cutting



to better growth and production of new leaves as reported by Stancato et al. (2003) in
Rhipsalis grandiflora.

Similar trends were noted by Patel (2001) in jasmine and Shiva and Nair
(2009) in hibiscus and attributed it to the stimulation of shoot growth, which may
have increased the number of nodes and in response it caused the growth of additional

leaves.

Table 4.9: Effect of plant growth regulators on number of leaves per croton

cutting
Treatment No. Name of Treatment Number Ofcl§;¥§;per croton

T IAA 500 ppm 5.06
T2 IAA 1000 ppm 7.53
T3 IAA 1500 ppm 8.60
T4 IBA 500 ppm 9.19
Ts IBA 1000 ppm 12.85
Te IBA 1500 ppm 11.27
T7 NAA 500 ppm 6.66
Ts NAA 1000 ppm 8.70
To NAA 1500 ppm 10.55
Tio Control 3.24

S.E(m).+ 0.52

C.D. @ 5% 1.56

This type of response might be achieved due to response different levels of
plant growth regulators, which might have helped in early differentiation of leaves.
Similar trend was also observed by Brahmbhatt (2000) in stem cuttings of
Lagerstroemia indica L. and Singh et al. (1986) in lagerstroemia and calliandra
cuttings.

Above results are in conformity with the Baldotto er al. (2012) in croton
cuttings treated with 1000 ppm IBA recorded the maximum number of leaves. These
observations in the present study are supported by the findings of Gandotra et al.
(1975) who recorded higher number of leaves per cutting with the application of

higher concentration of IBA (6000 ppm) in bougainvillea.
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These results are also in close agreement with the findings of Ingle and
Venugopal (2009) in Stevia, Singh et al. (2014) on Mulberry and Ibironke (2016) on

bougainvillea.

4.10 Plant height (cm)

One of the primary symbols for plant vegetative growth is the plant height The
results pertaining to plant height have been presented in Table 4.10 and depicted
graphically in Fig. 4.10.

Plant growth regulators treatments exhibited significant difference on plant
height in croton. The maximum height (21.28 cm) was registered in IBA 1000 ppm,
which was at par with treatments Ts i.e. 1500 ppm IBA (20.41) and treatment Ty i.e.
NAA 1500 ppm (19.77). All other remaining treatments recorded intermediate results.

The minimum height (16.22 ¢cm) was recorded in control.

Table 4.10: Effect of plant growth regulators on plant height (cm)

Treatment No. Name of Treatment Plant height (cm)
T IAA 500 ppm 16.38
T2 IAA 1000 ppm 16.77
Ts IAA 1500 ppm 17.20
T4 IBA 500 ppm 19.26
Ts IBA 1000 ppm 21.28
Te IBA 1500 ppm 20.41
T7 NAA 500 ppm 17.91
Ts NAA 1000 ppm 18.20
To NAA 1500 ppm 19.77
Tio Control 16.22

S.E(m).+ 1.01
C.D. @ 5% 29

The appropriate growth regulator and its concentration increase the cell
division, cell elongation and early differentiation of callus tissue toward the root
formation and resulted in better growth of cutting during vegetative propagation,
hence auxin enhanced protein synthesis which might have resulted in enhanced high

vegetative growth (Evans 1973).
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Better vegetative development with IBA 1000 ppm treated cuttings may be
attributed to the greatest number of roots, which likely absorb more nutrients and
water from the soil and enhanced photosynthesis, which ultimately led to more
growth. (Singh and Singh 2005). Additionally, auxin may influence the cell wall,
turgor, osmotic pressure, and water permeability, which results in cell expansion and
accelerated vegetative growth and it results into the rise in the plant height (Taiz and
Zeiger 2000).

The present findings with respect to plant height of cuttings of Croton after
treatment with rooting hormone with different concentrations are in confirmation with
the earlier findings that explains significant increase in plant height (Ullah et al.
2013).

Above results are in conformity with the Baldotto ef al. (2012) in croton

cuttings treated with 1000 ppm IBA recorded the maximum height.

4.11 Fresh weight of shoot per cutting (g)

The results pertaining to fresh weight of shoot per cutting have been presented
in Table 4.11 and depicted graphically in Fig. 4.11.

Treatments of plant growth regulators showed significant difference pertaining
to fresh weight of shoot per cutting. Significantly, maximum fresh weight was noticed
in treatment Tsi.e. IBA 1000 ppm (6.41) which was at par with treatment T¢ i.e. 1500
ppm IBA (6.04) and treatment Ty i.e. NAA 1500 ppm (5.79) and minimum fresh
weight was observed in control (2.35).

Generally, ability of plant of accumulation of fresh matter depends upon its
vegetative growth parameter such as plant height, spread or average number of
branches and it is also directly influenced by auxin resulted from the hydrolysis of
starch or increased photosynthesis which raises the concentration of sugar (Thimman
1972). The Higher rate photosynthesis may also also due to increased uptake of
nutrition and enhanced protein synthesis due to the presence of high cytokinins. In the
present study, IBA exhibited auxin and cytokinin like activity and increased fresh
weight of cuttings.

Superiority of IBA was also reported by Singh and Singh (2005) in poinsettia.
The increased length of shoots and more number of leaves lead to higher biomass
accumulation, which indirectly gave higher fresh and dry weight in cuttings treated

with IBA 1000 ppm.
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Table 4.11: Effect of plant growth regulators on fresh weight of shoot per croton

cutting
Treatment No. Name of Treatment Fresh chlil%tl;:l;ié;mm per
T IAA 500 ppm 3.05
T2 TAA 1000 ppm 4.89
Ts IAA 1500 ppm 5.54
T4 IBA 500 ppm 3.79
Ts IBA 1000 ppm 6.41
Te IBA 1500 ppm 6.04
T7 NAA 500 ppm 3.31
Ts NAA 1000 ppm 5.15
To NAA 1500 ppm 5.79
Tio Control 2.35
S.E(m).+ 0.28
C.D. @ 5% 0.85

These results are also in close agreement with the findings observed by
Chaitanya (2015) in Jasmine and Girisha ef a/. (2012) in daisy. Deshmukh and Barad
(2006) revealed that IBA at 6000 ppm was found significantly superior for fresh

weight of shoots of Bougainvillea buttiana cv. Mahara.

4.12 Dry weight of shoot per cutting (g)

The results pertaining to dry weight of shoot per cutting have been presented
in Table 4.12 and depicted graphically in Fig. 4.12.

As per the data obtained it found that, plant growth regulator treatments
exhibited significant difference. The highest dry weight oh shoot was observed in
treatment Ts i.e. IBA 1000 ppm (3.48) significantly which was at par with treatment
Te i.e. 1500 ppm IBA (3.09) and treatment Ty i.e. NAA 1500 ppm (3.27) and lowest
dry weight of shoot was observed in control (0.84).

The impacts of plant growth regulators may be responsible for the rise in dry
weight, this may be due to favourable environmental conditions for higher
photosynthates accumulation in shoots. Additionally, mobilization of reserve food

resources and hormonal balance in the stem are largely responsible for the growth of
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plant, which indirectly effects on dry matter production (Singh et al. 2013).

Table 4.12: Effect of plant growth regulators on dry weight of shoot per croton

cutting
Treatment No. Name of Treatment Dry weight of :g)oot per cutting
T IAA 500 ppm 1.30
T2 IAA 1000 ppm 1.97
T3 IAA 1500 ppm 2.97
T4 IBA 500 ppm 1.86
Ts IBA 1000 ppm 3.48
Te IBA 1500 ppm 3.09
T7 NAA 500 ppm 1.64
Ts NAA 1000 ppm 2.17
To NAA 1500 ppm 3.27
Tho Control 0.84
S.E(m).+ 0.13
C.D. @ 5% 0.40

Above findings were supported by the prior study of Deshmukh and Barad
(2006) in Bougainvillea buttiana cv. Mahara that IBA at 6000 ppm was found
significantly superior for inhancing the fresh weight and dry weight of shoots and
Umesha (2017) in chrysanthemum.

Singh and Singh (2005) also noted the superiority of IBA in poinsettia.
Increased shoot length and leaves in cuttings treated with IBA 4000 ppm led to a
higher biomass accumulation, which indirectly increased dry weight of shoot.

The early sprouting and good length of the shoots may have contributed to the
increase in dry weight of the shoots after IBA application.

Above results are in conformity with the Baldotto er al. (2012) in croton
cuttings treated with 1000 ppm IBA recorded the highest dry weight of shoot. This
result is also supported by Patil e al. (1998) in their experiment on jasmine.
Deshmukh and Barad (2006) reported that IBA at 6000 ppm was found significantly

superior for dry weight of shoots of Bougainvillea buttiana cv. Mahara.

45




4.13 Fresh weight of root per cutting (g)

The results pertaining to fresh weight of root per cutting have been presented
in Table 4.13 and depicted graphically in Fig. 4.13.

As per the data obtained it found that, plant growth regulator treatments
exhibited significant difference. The highest fresh weight of root was observed in
treatment Ts i.e. IBA 1500 ppm (5.95) significantly followed by treatment T¢ i.e. IBA
1500 ppm (5.14) and treatment To i.e. NAA 1500 ppm (4.97). Lowest fresh weight of
root was observed in control (2.20).

By increasing the IBA concentration beyond tolerable level there is a decrease
in fresh weight. Individual root differentiation and growth tended to decline as they
received overloaded auxins beyond the external supply that required reinforcing the

endogenous (Caser 2008).

4.13: Effect of plant growth regulators on fresh weight of root per croton cutting

Treatment No. Name of Treatment Fresh weight o(fggoot per cutting
T IAA 500 ppm 2.66
T2 IAA 1000 ppm 3.89
Ts TIAA 1500 ppm 4.78
T4 IBA 500 ppm 3.72
Ts IBA 1000 ppm 5.95
Ts IBA 1500 ppm 5.14
T7 NAA 500 ppm 3.46
Ts NAA 1000 ppm 4.18
To NAA 1500 ppm 4.97
Tho Control 2.20

S.E(m).+ 0.25
C.D. @ 5% 0.75

The fresh weight of roots is strongly related to the number and size of root, as
higher concentration of IAA, IBA and NAA recording higher number of primary and
secondary roots as well as due to auxin treatment which might have also resulted in
elongation of these roots through cell division hence the fresh weight was also more.
This may be caused by increased enzymatic activity and faster hormone transfer

during cell division and elongation (Debnath and Maiti 1990).
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The results of the present study are in conformity with findings of Gandotra et
al. (1975) who reported the best results with hardwood cuttings of bougainvillea were

obtained with 6000 ppm IBA as compared to 6000 — 10000 ppm NAA or [AA.

4.14 Dry weight of root per cutting (g)

The results pertaining to dry weight of root per cutting have been presented in
Table 4.14 and depicted graphically in Fig. 4.14.

As per the data obtained it found that, plant growth regulator treatments
exhibited significant difference. The highest dry weight oh root was observed in the
treatment Ts i.e. IBA 1000 ppm (2.36) significantly followed by treatment Ts IBA
1500 ppm (2.08) and treatment Toi.e. NAA 1500 ppm (2.05) and lowest dry weight of
root was observed in control (0.32).

Plant growth regulators increased the number of roots, caused cell division to
lengthen the cells of root and as a result, increased the fresh weight and subsequently
the dry weight of the roots. Stimulation of rooting process with auxin, carbohydrate
transportation from leaf to root increases, therefore, it causes increasing of the dry

weight of root (Hartmann et al. 2002).

Table 4.14: Effect of plant growth regulators on dry weight of root per croton

cutting
Treatment No. Name of Treatment Dry weight of(g))ot per cutting
T IAA 500 ppm 0.73
T2 IAA 1000 ppm 1.15
Ts IAA 1500 ppm 1.82
T4 IBA 500 ppm 1.18
Ts IBA 1000 ppm 2.36
Ts IBA 1500 ppm 2.08
T7 NAA 500 ppm 0.98
Ts NAA 1000 ppm 1.32
Ty NAA 1500 ppm 2.05
Tio Control 0.32
S.E(m).£+ 0.09
C.D. @ 5% 0.26
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The results are in agreement with the previous research of Yeshiwas et al.
(2015) observed that dry weight (0.21) of rose cuttings were recorded highest from
cuttings treated with 1000 ppm of IBA and Baldotto ez al. (2012) in croton cuttings
treated with 1000 ppm IBA recorded the highest dry weight of root.

4.15 Root : shoot ratio

The results pertaining to root : shoot ratio have been presented in Table 4.15
and depicted graphically in Fig. 4.15.

Treatments of plant growth regulators exhibited significant difference in root:
shoot ratio of cuttings. The maximum root : shoot ratio was observed in treatment Ts
i.e. IBA 1000 ppm (0.67) followed by treatments Te i.e. IBA 1500 ppm (0.66) and
treatment Ts4i.e. IBA 500 ppm (0.63) and minimum was observed in control (0.38).

The increase in the production of the leaves and leaf area ultimately increased
photosynthesis, relative growth rate and growth of lateral branching of shoot which
were increased dry biomass of shoot and root: shoot ratio.

The results are in agreement with the previous research of Malaviya ef al
(2022) observed that root: shoot ratio (0.43) of croton cuttings were recorded highest
from cuttings treated with 300 ppm of IBA.

Table 4.15: Effect of plant growth regulators on root : shoot ratio of croton

cuttings
Treatment No. Name of Treatment Root : shoot ratio

T TAA 500 ppm 0.56
T2 IAA 1000 ppm 0.58
T3 IAA 1500 ppm 0.61
T4 IBA 500 ppm 0.63
Ts IBA 1000 ppm 0.67
Ts IBA 1500 ppm 0.66
T NAA 500 ppm 0.59
Ts NAA 1000 ppm 0.60
To NAA 1500 ppm 0.62
Tio Control 0.38

S.E(m).+ 0.006

C.D. @ 5% 0.02
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4.16 Survival percentage

The results pertaining to survival percentage have been presented in Table
4.16 and depicted graphically in Fig. 4.16.

Treatments of plant growth regulators exhibited significant difference in
survival percentage of cuttings. The maximum survival percentage was observed in
treatment Tsi.e. IBA 1000 ppm (81.66) which was at par with treatments Tes i.e. IBA
1500 ppm (80.01) and treatment Ty i.e. NAA 1500 ppm (78.34) and minimum was
observed in control (64.67).

This specific concentration of IBA induced maximum number of roots with
considerable length and hence formed well developed root system for better
establishment of rooted cuttings (Singh and Singh. 2005) in croton. Due to the better

root growth and shoot growth there may be increased survival percentage which was

Table 4.16: Effect of plant growth regulators on survival percentage of croton.

Treatment No. Name of Treatment Survival percentage

T, IAA 500 ppm 6631
(54.51)*

T> IAA 1000 ppm 68.67
(55.96)

T3 IAA 1500 ppm 7234
(58.26)

T4 IBA 500 ppm 76.63
(61.09)

Ts IBA 1000 ppm 81.66
(64.64)

Ts IBA 1500 ppm 80.01
(63.44)

Ty NAA 500 ppm 71.32
(57.61)

Ts NAA 1000 ppm 7500

(60)

To NAA 1500 ppm 7834
(62.26)

Tio Control 6467
(53.53)

S.E(m).+ 1.63

C.D. @ 5% 5.01

* Figures in parentheses are arcsine transformed value
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augmented due to absorption and translocation of nutrients by IAA, IBA and NAA
(Singh. 2012). IBA is the most effective in promoting root initiation and adventitious
root production in stem cuttings (Waisel ez al. 1991). Auxin as IBA is widely used on
stem cuttings for accelerating the formation of adventitious roots (Galavi et al. 2013).
Earlier rooting and better root characteristics will obviously lead to the formation of
healthy plants and higher survival percentage accordingly.

Above results are in conformity with the Hoda (2021) in croton cuttings
treated with 2000 ppm IBA recorded the highest survival percentage. Similar results
were also reported by Patel (2011) in Bougainvillea, Shadparavar et al. (2011) in
hibiscus, Parmar et al. (2010), Hirapara et al. (2007) in jasmine, Torkashvand and
Shadparvar (2011) in hibiscus.

The results are also in agreement with the previous research of Kaushik (2017)
who reported that the maximum survival percentages (88.33%) of rooted cutting with

300 ppm of IBA.

4.17 Benefit: cost ratio

The benefit: cost ratio differed due to the treatments of rooting hormones
(auxins) as indicated in Table 4.17 and depicted in Fig. 4.17

The highest benefit: cost ratio (3.80) was obtained in treatment Ts i.e., IBA
1000 ppm which was followed by treatment T¢ i.e. IBA 1500 ppm and treatment To
i.e. NAA 1500 ppm.

Highest net realization (Rs.1744.30) was obtain with treatment Ts (IBA 1000
ppm) followed by treatment Ts (IBA 1500 ppm) with net realization of (Rs.1662.10).
This may be because the plants received the proper concentration of IBA which
resulted in better growth, survival and ultimately the highest gains in net realization.

Since the percentage of success was recorded highest (78.86) in IBA 1500
ppm compared to rest of the treatments, the benefit cost ratio was more in IBA.

From the economic analysis, it can be concluded that control treatment
recorded lowest B:C ratio (3.07). Hence, IBA and NAA showed synergistic effect in

increasing survival percentage and B:C ratio.
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Table 4.17: Effect of plant growth regulators on benefit: cost ratio

Price of

Cost of Gross | Expenditure Net
. each .
Treatment | producing rooted Income for income | B:C
No. single cutting for 100 | producing for 100 | ratio
cutting (Rs) (Rs) cuttings | 100 cuttings | cuttings
T 6.093 30 1904.70 609.30 1295.40 | 3.12
T 6.115 30 1968.30 611.50 1356.80 | 3.21
T3 6.165 30 2067.30 616.50 1450.80 | 3.35
T4 6.180 30 2204.10 618.00 1586.10 | 3.56
Ts 6.215 30 2365.80 621.50 1744.30 | 3.80
Te 6.230 30 2285.10 623.00 1662.10 | 3.66
T 6.035 30 2077.20 603.50 1473.70 | 3.44
Ts 6.058 30 2183.40 605.80 1577.60 | 3.60
To 6.063 30 2223.60 606.30 1617.30 | 3.66
Tho 6.015 30 1847.40 601.50 124590 | 3.07
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Plate 7: Healthy flush obtained in the treatment IBA 1000 ppm
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CHAPTER -V

SUMMARY AND CONCLUSION

The present investigation on “Studies on effect of different rooting
hormones on stem cutting of croton (Codiaeum variegatum)’®> was carried out at
Department of Horticulture, Vasantrao Naik Marathwada Krishi Vidyapeeth,
Parbhani, during the year 2021-22.

The experiment consisted of three different concentrations of IAA (500ppm,
1000ppm, 1500ppm), IBA (500ppm, 1000ppm, 1500ppm) and NAA (500ppm,
1000ppm, 1500ppm) with control, which were replicated thrice. The experiment was
laid out in Completely Randomized Design (CRD), and cuttings were planted on

polybags under shade net house.

The observations on vegetative parameters like number of days taken to
sprouting, success percentage, mortality percentage, number of shoots per cutting,
length of the shoot per cutting (cm), number of leaves per cutting, plant height (cm),
fresh weight of shoot per cutting (g), dry weight of the shoot per cutting (g), root:
shoot ratio, survival percentage and root parameters like number of days taken to root
formation, number of roots per cutting, length of the root per cutting (cm), fresh

weight of the root per cutting (g), dry weight of root per cutting (g) were recorded.

The results of the investigation are summarized as follows:
1. Number of days taken to sprouting was found significantly minimum with
1000 ppm IBA and the maximum number of days taken to sprouting was

observed in control.

2. Number of days taken to root formation was found significantly maximum
with 1000 ppm IBA and the maximum number of days taken to root formation

was observed in control.

3. Success percentage of croton cuttings was found maximum with 1000 ppm

IBA and the lowest success percentage of cutting was observed in control.
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10.

11.

12.

13.

14.

15.

Mortality percentage of croton cuttings was found minimum with 1000 ppm
IBA and the minimum mortality percentage of cutting was observed in
control.

Number of shoots per cutting was found maximum with 1000 ppm IBA and

the lowest number of shoots per cutting was observed in control.

Numbers of roots per cutting were found to be the highest with 1000 ppm IBA

and the lowest number of roots per cutting was observed in control.

Length of shoot per cutting was found to be the maximum with 1000 ppm

IBA and the minimum length of shoot was observed in control.

Length of root per cutting was observed maximum with the treatment by 1000
ppm IBA the minimum length of longest roots per cutting was observed in

control.

Number of leaves per cutting was found maximum with the application of
1000 ppm IBA and the lowest number of leaves per cutting was observed in

control.

Plant height was observed maximum with the treatment by 1000 ppm IBA the

minimum plant height was observed in control.

Fresh weight of shoots per cutting was found to be the maximum with 1000
ppm IBA and the lowest fresh weight of shoots per cutting was observed in

control.

Dry weight of shoots per cutting was found to be the highest with 1000 ppm

IBA and the lowest dry weight of shoots per cutting was observed in control.

The fresh weight of roots was recorded significantly higher under 1000 ppm
of IBA and the lowest fresh weight of roots per cutting was observed in

control.

The dry weight of roots was recorded significantly higher under 1000 ppm of

IBA and the lowest dry weight of roots per cutting was observed in control.

The root: shoot ratio was recorded significantly higher under 1000 ppm of

IBA and the lowest root: shoot ratio was observed in control.
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16. Survival percentage found significantly maximum with 1000 ppm IBA and

the minimum survival percentage was observed in control.

17. Benefit: cost ratio found significantly maximum with 1000 ppm IBA and the

minimum benefit; cost ratio was observed in control.
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CONCLUSION

On the basis of the results obtained by the investigation entitled “Studies on
effect of different rooting hormones on stem cutting of Croton (Codiaeum
variegatum)” it may be concluded that an application of Ts (1000 ppm IBA) proved
better than all other treatment recording the maximum value of various attributes
related to the growth of shoot parameters like number of days taken to sprouting,
number of shoots per cutting, length of the shoot per cutting, number of leaves per
cutting, plant height, fresh weight of shoot per cutting, dry weight of the shoot per
cutting as well as root parameters like number of days taken to root formation,
number of roots per cutting, length of the root per cutting, fresh weight of the root per

cutting, dry weight of root per cutting and survival of croton cuttings.

55



LITERATURE CITED



LITERATURE CITED

Adiga, J.D., Reddy, B.S. & Kulkarni, B.S. (2004). Studies on propagation of certain
ornamental plants and commercial flower crops under protection.

Journal of Ornamental Horticulture. 7, 325-30.

Akhtar, G., Akram, A., Sajjad, Y., Balal, R.M., Shahid, M.A., Sardar, H. & Shah,
S.M. (2015). Potential of plant growth regulators on modulating
rooting of Rosa centifolia. American Journal of Plant Sciences. 6 (05),

659.

Aklade, S.A., Patel, B.N., Singh, P. & Bardhan, K. (2010). Effect planting
environment, type of cutting and media on propagation of rose (Rosa

damascena L.) var. Local Red. Asian J. Hort. 4 (2), 448-451.

Alshammary, S.F., Shabha, M.A. & Abbas, M.S. (2013). Rooting of white shrub and
fire bush shrub hardwood cuttings using growth regulators quick dip

treatments. Journal Food Agriculture and Environment. 11 (27),75-80.

Asl, M.B., Somayeh, S. & Valipor, V. (2012). Effects of indole acetic acid on the
rooting ability of semi-hardwood bougainvillea cuttings. Modern

Applied Science Journal. 6, 121-23.

Awad, A.E., Dawh, A K. & Attya, M.A. (1988). Cutting thickness and auxin affecting
the rooting and consequently the growth and flowering of

Bougavinvillea glabra L. Acta Hort. 226(2), 445-454.

Babashpour, A.M., Shakueefar, S. & Valipour, V. (2012) Effects of indole-3-butyric
acid on the rooting ability of semi-hardwood Bougainvillea sp. cutting.

Modern Applied Sci. 6(5), 121-123.

Balakrishnamurthy, G. & Rao, V.N.M. (1988). Studies on rooting of stem cuttings of
Edward rose (Rosa bourboniana Desp.). Madras Agri. J. 75(3-4), 139-
142.

Balakrishnamurthy, G., Rao, V.N.M. & Shanmugavelu, K.G. (1986). Effect of season
and woodiness on the root ability of Edward rose cuttings. South

Indian Hort. 34(5), 362-366.

56



Baldotto, L.E.B., Baldotto, M.A., Soares, R.R., Martinez, H.E.P. & Venegas, V.H.A.
(2012). Adventitious rooting in cuttings of croton and hibiscus in

response to indolbutyric acid and humic acid. Revista Ceres. 59, 476-
483.

Baraskar, S.D., Bhat, N.R., Supe, V.S., Kale, P.N. & Choudhari, K.G. (1990).
Rooting in difficult-to-root bougainvillea cultivars. Journal of

Maharashtra Agricultural Universities. 15(2), 268-269.

Basavarajeshwari, P. & Kanamadi, V.C. (1998). Effect of growth regulators on the
rooting of hardwood cuttings in jasmine. Advances in Forestry

Research in India. 19(1), 225-229.

Bhandari, A.J. (2014). Effect of different growth regulators on vegetative propagation

of Hibiscus rosa-sinensis L. (Master’s thesis) N. A. U., Navsari.

Bharti, H., Singh, B.P. & Singh, K.P. (2013). Effect of variety, type of cutting and
IBA concentration on rooting of croton (Codiaeum variegatum)

cuttings. Hortflora Research Spectrum 2(4), 263-265.

Bhatt, S.T. & Chouhan, N.M. (2012). Effect of auxin on rooting of African marigold
(Tagetes erecta L.). Advanced Res. J. Crop Improvement. 11(3), 69-70.

Bhattacharjee, S.K. & Balakrishna, M. (1992). Studies on propagation of Hamelia
patens Jacq. and Ixora singaporensis from stem cuttings. Prog. Hort.,

24(3-4), 157-164.

Bhattacharjee, S.K. & Balakrishna, M.B. (1983). Propagation of bougainvillea from
stem cuttings and effect of growth regulators, rooting media, leaf

number, length and woodiness of cuttings. Haryana J. Hort. Sci.

12(1&2), 7-12.

Bhattacharjee, S.K. & Balakrishnan, M.B. (1986). Standardization of propagation of
Hibiscus rosa sinensis L. from stem cuttings. South Indian Hort. 34(3),

158-166.

57



Bose, T.K., Mukherjee, T.P. & Roy, T. (1975). Standardization of propagation from
cuttings under mist, I. Effect of type of wood, size of cut tings on root

formation. Punjab Hort. J. 15 (3&4), 139-143.

Brahmbhatt, M.C. (2000). Effect of growth regulators on rooting in stem cutting of
Crepe myrtle (Lagerstroemia indica L.) cv. ‘Seminole’ (Master’s

thesis). G.A.U., S. K. Nagar.

Carpenter, W.J. & Cornell, J.A. (1992). Auxin application duration and concentration
govern rooting of hibiscus stem cuttings. Journal American Society
Horticulture Science. 117(1), 68-74.

Caser, G.A. (2007). Production of irrigated radish (Raphanus sativus L.): the
influence of Indole-3-Butyric Acid (IBA) on growth and yield of
furrow cultivated local black radish cultivar. J. Dohuk Univ. 10(2), 10.

Chaitanya, R.P., Chandrasekhararao C., Suchitra V. & Salomi S.D.R. (2015). Effect
of IBA concentration and size of cutting on rooting of Jasminum

sambac. Green Farming. 6(4), 888-892.

Chandramouli (2001). Influence of growth regulators on the rooting of different types
of cuttings in Bursera penicillata (DC) Engl (Master’s thesis).

University of Agricultural Sciences, Banglore.

Chen, J. & Stamps, R.H. (2006). Cutting propagation of foliage plants. Cutting
propagation: A guide to propagating and producing floriculture crops.
Ball Publishing, Batavia, IL. 203-228.

Chovatia, V.P., Poshiya, V.K. & Shukla, P.T. (1995). Root initiation studies in
bougainvillea (Bougainvillea peruviana L.) var. Mary Palmar. GAU

Res. J. 20(2), 167-169.

Chu, C.Y. (1990). Budded cuttings for propagating roses. Scientia Horticulturae.
43(1-2), 163-168.

Dave, S.K., Patel, M.J. & Padsumbiya, H.D. (1993). Effect of growth regulators on
rooting of ixora and marigold. Hort. Soc. India. Abstr. 1, 225.

58



Dawa, S., Rather, Z.A., Sheikh, M.Q., Nazki, N.T. & Hussain, A. (2013). Influence of
growth regulators on rhizogenesis in semi- hardwood cuttings of some

cut flower roses. Applied Biological Research. 15(2), 97- 103.

Debnath, G.C. & Maiti, S.C. (1990). Effect of growth regulators on rooting of
softwood cuttings of guava (Psidium guajava L.) under mist. Haryana

J. Hort. Sci. 19, 79-85.

Deepa, D. N. & Shanthi A. (2013). Propagation crotons from leaves. African Journal
of Agricultural Research. 8(26), 3473-3475.

Deshmukh, K.K. & Barad, A.V. (1999). A note on effect of plant growth regulators
on rooting of various cultivars of Bougainvillea species. J. Applied

Hort. 5(1&2), 113-115.

Deshmukh, K.K. & Barad, A.V. (2006). Effect of growth regulators on rooting of
stem cutting in Bougainvillea buttiana var. Mahara. Crop Research,

Hisar. 32(3), 391-393.

Deshmukh, S.D. & Borle M.N. (1975). Studies on the insecticidal properties of
indigenous plant products. Indian Journal of Entomology. 37(1), 11-
18.

Dhua, R.S., Mitra, S.K., Sen, S.K. & Bose, T.K. (1982). Effect of ethephon and IBA
on rooting of guava. Science Culture. 48: 444-445.

Ercisli, S. & Guleryuz, M. (1999). A study of the propagation of the hardwood
cuttings of some rose hips. Turkish J. Agri. Forestry. 23(2), 305- 310.

Evans, M.L. (1973). Rapid stimulation of plant cell elongation by hormonal and non-

hormonal factors. Bioscience. 23, 7-8.

Fuchs, HW.M. (1986). Root regeneration of plants as influenced by applied auxins.
Acta. Hort. 189, 101-107.

Galavi, M., Karimian, M.A. and Mousavi, S.R. (2013). Effects of different auxin
(IBA) concentrations and planting-beds on rooting grape cuttings (Vitis

vinifera). Annual Review and Research in Biology. 3(4), 517-523.

59



Gandotra, J.K., Nair P.K.R. & Dubey, K.C. (1975). Effect of potent growth regulators
on propagation of four nodes cutting of Bougainvillea cv. Mary

Palmer. Punjab Hort. J. 15 (2), 71-73.

Girisha, R., Shirol, A.M., Reddy, B.S, Patil, V.K. & Krishnamurthy, G.H. (2012).
Growth, quality and yield characteristics of Daisy (A4ster amellus L.)
cultivar Dwarf Pink as influenced by different plant growth regulators.

Karnataka J. Agric. Sci. 25(1), 163-165.

Gowda, J.V.N., Nage Gowda, V. & Narse Gowda, N.C. (1989). Effect of IBA and
NAA on rooting and biochemical composition of jasmine. Xlth
International Congress on Essential oils, Fragrance and Flowers, New

Delhi.

Gowda, P., Dhananjaya, M.V. & Kumar, R. (2017). Effect of indole butyric acid
(IBA) on rooting of different carnation (Dianthus caryophyllus L.)
genotypes. Int. J. Pure Appl. Biosci. 5, 1075-1080.

Gupta, V.N. & Kher, M.A. (1989). A note on the effect of root promoting hormones
on rooting of Ixora coccinea by tip cuttings under intermittent mist.

Prog. Hort. 21(1&2), 138-140.

Gupta, V.N. & Kher, M.A. (1991). A note on the influence of auxins in regeneration
of roots in the tip cutting of Bougainvillea sp. var. Garnet Glory under
intermittent mist. Haryana Journal of Horticulture Sciences. 20(1-2),

85-87.

Gupta, V.N. (1989). Effect of intermittent mist and auxins on the rooting potential of
Hibiscus rosa sinensis L. cv. 'Snow Flake' by semi-hardwood cuttings.

South Indian Hort. 37(4), 250-251.

Gupta, V.N., Banerji, B.K. & Dutta, S.K. (2002). Effect of auxin on the rooting and
sprouting behaviour of stem cuttings of bougainvillea cv. Los Banos
Variegata ‘Silver Margin’ under mist. Har. J. hort. Sci. 31(1&2), 42-
44,

Haikal, M.S. (1992). Effect of some growth regulators on root formation in terminal

stem cuttings of Ficus retusa. Alexandria Journal of Agricultural

60



Research. 37, 301- 316.
Harris, C.V. & Singh, B.D. (1991). Role of auxin on rooting of cuttings in
Bougainvillea by stem cutting with the aid of auxin under intermittent

mist. Journal of Ornamental Horticulture. 8, 65-69.

Hartmann, H.T., Kester D.E., Davies R.T. & Geneve R.L. (2007) Plant propagation:
principles and practices. 8* ed. New Jersey, Prentice-Hall. Soad IMM,
Lobna TS, Farahat MM. Vegetative growth and chemical constituents
of croton plants as affected by foliar application of Benzyl adenine and

Gibberellic Acid, J. Am. Sci. 126-130.

Hartmann, H.T., Kester, D.E., Davis Jr, F.T. & Geneve, R.L. (2002). Plant
propagation: principles and practices. New Jersey: Prentice Hall.

37(4), 250-251.

Hemlata B, Singh B.P., Singh K.P. (2013) Effect of variety, type of cutting and IBA
concentration on rooting of croton (Codiaeum variegatum) cuttings.

Hort. Flora Research Spectrum.2(4):363-365.

Hirapara, D.V., Parmar, B.R. & Bhayani, H.N. (2007). Effect of IBA and NAA on
vegetative propagation of Jasminum arborescens L. cv. Paras through

semi hardwood cuttings. Int. J. Bio. Science Reporter. 5(1), 95-99.

Hoda .M. (2021). Propagation of croton cuttings relation to hormones and seasonal
changes. Egyptian Academic Journal of Biological Sciences, H.
Botany. 12(2), 135-148.

Ibironke, O.A. (2016). Effects of rooting hormones on the propagation of
bougainvillea from cuttings. International Journal of Research in

Agriculture and Forestry. 3(1), 57-62.

Ingle, M.R. & Venugopal, G.K. (2009). Effect of different growth regulators on
rooting of stevia (Stevia rebaudiana Batons) cuttings. Karnataka J.

Agri. Sci. 22, 460-461.

Izadi, Z., Zarei, H. & Alizadeh, M. (2012). Studies on vegetative propagation of Rosa
canina. Indian J. Hort. 69(4), 598-601.

61



Janakiram, T., Mahantesh, M.I. & Prabhakar, B.S. (2006). Standardization of agro
techniques for production of chrysanthemum under low cost

polyhouse. Acta Hort. 710, 321-27.

Joshi, A.R, Mahorkar, V.K. & Sadlwarti, K.T. (1989). Studies on rooting of cuttings
in some Bougainvillea varieties as influenced by plant growth

regulators. PKV Research Journal. 2, 166-67.

Kanamadi, V.C., Patil, S., Ryati, Y.H., Shiral, R M. & Vijaykumar (1997). Effect of
growth regulators on rooting of cuttings in bougainvillea var. 'Mahara'.

Advance Agri. Res. in India. 7(1), 43-45.

Kaushik, S. (2017). Effect of IBA and NAA and their combination on rooting in stem
cuttings of african marigold (Tagetes erecta) Cv. Pusa narangi gainda
(Master’s thesis). College Of Agriculture Indira Gandhi Krishi
Vishwavidyalaya, Raipur, (Chhattisgarh).

Khan, M.S., Khan, R.U. & Waseem, K. (2006). Effect of some auxins on growth of
damask rose cuttings in different growing media. Journal of

Agriculture & Social Sciences. 2(1), 13-16.

Kishan, S. & Raju, D.V.S. (2008). Influence of Indole Butyric Acid on the rooting of
cuttings ~ of  bougainvillea  cultivars. Orissa  Journal  of

Horticulture. 36(1), 75-77.

Kralik, J. & Sebahenek, J. (1980) Effect of growth promoters and inhibitors on
rooting of cutting of Populus euroamericana (Dode) Guinier, cultivar

Marilandica. Acta Univ. Agric. Brno. A 28, 59-70.

Krishnamoorthy, C., Shree, B.S. & Suvetha, B. (2017). Effect of NAA and IBA on
stem cuttings of rose. Agriculture Update. 12(1), 88-91.

Kumari, A., Arya, M.C., Joshi, P.K. & Ahmed, Z. (2013). Response of auxin on semi
hardwood cuttings of Jatropha curcas under central western

Himalayas. Agriculture Science Digest. 33, 123-26.

62



Kundu, U. K., Farooque, A.M., Aditya, D.K. & Mondal, M.F. (1987). Effect of IBA
on propagation of Ixora coccinia by stem cutting. Bangladesh Hort.

15(2), 7-10.

Leonardi, C., Ruggeri, A. & Malfa, S. (2001). Hormone effects on in-vitro
proliferation and rooting of grevillea explants. Scientia Horticulturae.

90(3-4), 335-341.

Loach K (1988) Hormone applications and adventitious root formation in cuttings: A

critical review. Acta Hort 227: 126-33.

Lorenzi, H.E. & Souza, H.M. (2008). Plantas Ornamentais no Brasil: Arbustivas,
Herbéceas e Trepadeiras. Nova Odessa, Instituto Plantarum. 9(3-4),

335-341.

Majumder, J., Singh, K.P., Singh, S.K., Prasad K.V. & Verma, M. (2014). In-vitro
morphogenesis in marigold using shoot tip as explants. /ndian J. Hort.

71(1), 82-86.

Malaviya S.B., Thumar B.V., Nakum M.P., Dodiya T.P. (2022) Efficacy of IBA on
rooting of cuttings, growth and survival of croton (Codiaeum

variegatum L.). The Pharma Innovation Journal. 11(7): 3414-3417.

Mallareddy, K., & Vittal, D. (1993). Efficacy of cool-humid chamber on rooting and
survival of leafy cuttings in Ixora singaporensis. Golden Jubilee

Symposium, Horticultural Society of India, Abstr., Page No.-461

Mehraj, H., Shiam, I.H., Taufique, T., Shahrin, S. & Jamal Uddin, A.F.M. (2013).
Influence of Indole-3-Butyric Acid (IBA) on sprouting and rooting
potential of Bougainvillea spectabilis cuttings. Bangladesh Research

Publications Journal. 9(1), 44-49.

Memon, N., Ali, N., Baloch, M.A. & Chachar, Q. (2013). Influence of napthalene
acetic acid (NAA) on sprouting and rooting potential of stem cuttings

of bougainvillea. Science International (Lahore) Journal. 25, 299-304.

Mishra, S.N. & Sharma, C.P. (1995). Effect of plant growth regulators on rooting of
stem cuttings of bougainvillea. Prog. Hort. 27(1-2), 33-38.

63



Mitra, G.C. & Bose, N. (1957). Rooting and histological responses of detached leaves
to B- Indole Butyric acid with special reference to Boerhavia diffusa.

Phytomorphology. 7, 370.

Mukherjee, T.P., Roy T. & Bose, T.K. (1976). Stadardization of propagation from
cuttings under mist. Effect of rooting media on root formation in

cuttings of ornamental plants. Punjab Hort. J. 16, 153-156.

Mukhopadhaya, D.P. & Bose, T.K. (1996). Improvement in methods of vegetative
propagation in some varieties of bougainvillea. Indian Journal

Horticulture. 23, 185-86.

Mukhopadhyay, D.P. & Gain, D.K. (1982). Studies on regeneration of roots in stem
cuttings, time of root initiation and development of roots in Hibiscus
tiliaceus Linn. and Syzygium polypetalum (WT) Merrill and Perry as
influenced by the application of root promoting chemicals. Indian

Agric. 26(4), 307-312.

Nanda K.K. (1975) Effect of different IBA concentrations and types of cuttings on
rooting and flowering Poinsettia pulcherrima L. Indian Journal of

Plant Physiology. 18:80-89.

Nasib, A., Ali, K. & Khan, S. (2008). In-vitro propagation of croton (Codiaeum
variegatum). Pakistan Journal of Biological Sciences. 40(1), 99-104.

Netam N., Shukla N., Sharma G. & Sahu J. (2018). Effect of different IBA
concentration on survivability and rooting of Jasmine (Jasminum
sambac (L.) Aiton) stem cuttings. Journal of Pharmacognosy and

Phytochemistry. 1, 614-617.

Nisio J (1998) Accelerating rooting by the pretreatment of direct stuck cuttings of
chrysanthemum. Comb Proc Intl Plant Prop Soc 48: 526-27.

Ogunwenmo, K.O., Idowu, O.A., Innocent, C., Esan, A. & Oyelana, O.A. (2007).
Cultivars of Codiaeum variegatum (L.) Blume (Euphorbiaceae) show

variability in phytochemical and cytological characteristics. African

Journal of Biotechnology. 6(20), 2400-2405.

64



Owusu S.E. & Kuavedzi R.N. (2020). Growth response of croton (Codiaeum
variegatum pictum L.) to aloe vera and indole-butyric acid in different

propagation media. Asian Journal of Agriculture and Horticultural

Research. 6(1), 10-16.

Panse, V. J. & Sukhatme, P. V. (1967). Statistical Methods for Agricultural Workers.
Publisher- Indian Council of Agricultural Research, New Delhi. Page
No.-200.

Panwar, R.D. (1988). Studies on the propagation of bougainvillea (Master’s thesis).
H.A.U., Hissar. 14(4), 367.

Panwar, R.D., Gupta, A.K., Saini, R.S. & Sharma, J.R. (2001). Effect of auxin on the
rooting in bougainvillea var. Mary Palmer. Haryana J. Hort. Sci.

30(3&4), 215-216.

Parmar, B.R., Patel, V.B., Bhalerao, P.P. & Tank, R.V. (2010). Effect of different
plant growth regulators on vegetative propagation of Bougainvillea

peruviana cv. “Torch Glory” through hardwood cutting. Asian J. Hort.
5(1), 222-224.

Patel, C.M. (1994). Effect of growth regulators on rooting of stem cuttings of
bougainvillea (Bougainvillea buttiana) cv. Mahra (Master’s thesis).

Gujarat Agricultural University, S.K. Nagar.

Patel, K.R. (1990). Effect of growth regulators and media on rooting of bougainvillea
cuttings (Master’s thesis). Gujarat Agricultural University, S.K. Nagar.

Patel, M.A. (2001). Rooting studies in Jasminum sambac cv. 'Double Mogra' by
cuttings with the aid of indole butyric acid (IBA) (Master’s thesis).
Gujarat Agricultural University, S.K.Nagar.

Patel, M.J. & Dave, S.K. (1996). Effect of auxins on rooting of cuttings in ixora (Ixora
coccinea L.). Presented in National seminar on Propagation and
Nursery Management in Horticulture, October 4&S5, (pp.29) B.A.C.A.,
Anand.

65



Patel, V. (2011). Effect of different plant growth regulators on vegetative propagation
of bougainvillea var. Touch glory through hard wood cutting (Master
Thesis). N. A. U., Navsari.

Patil, B. & Kanamadi, V.C. (1998). Effect of growth regulators on the rooting of
hardwood cuttings in Jasmine. Adv. in Forestry Res. in India. 19, 225-
229.

Pivetta, K.F.L., Martins, A.G., Ruffini, F.K. & Ledra, L.R. (1999). Effect of rooting
media, indole butyric acid and fertrilization on rooting of rose (Rosa

sp. cv. 'Dalas") leafy cuttings. Acta Horticulturae. 482, 339-342.

Preece J. E. (2003) A century of progress with vegetative plant propagation. Hort
Science 38: 1015-25.

Prince, M.A. & Beniwal, V. (2017). Influence of indole-3-butyric acid on rooting
efficacy in different carnation (Dianthus caryophyllus 1L.) genotypes
under protected condition. Chem. Sci. Rev. Lett. 6(23), 1858-1862.

Puebla, P., Lopez, J.L., Guerrero, M., Marti, M.L., San Roman, L. & San Feliciano A.
(2003). Neo-clerodane diterpenoids from Croton schiedeanus.

Phytochemistry, 62(4), 551-555.

Qin E.H. & Luo W.H. (2007) Plant regeneration from in vitro cultured explants of
two chrysanthemum cultivars. Hubei Minzu Xueyuan Xuebao-Ziran-

Kexue-Ban-/-KJ Hubei Inst Nationaliticis Nat Sci Edn 25: 97-101

Ramtin, A., Khalighi, A., Hadavi, E. & Hekmati, J. (2011). Effect of different IBA
concentrations and types of cuttings on rooting and flowering

Poinsettia pulcherrima L. Int. J. Agri. Sci. 1(5), 303-310.

Reddy, B.S., Angadi, M.S., Murgod, M.I. & Praveen, J. (2002). Influence of cuttings
and growth regulators on the rooting potentiality of bougainvillea

under mist house. Hort. Soc. Haryana. 31 (3&4), 205- 206.

Sahariya, K., Singh, J.N. & Singh A. (2013). Studies on the effect of IBA on rooting
of bougainvillea (var.Thimma) cuttings in open field and poly house

conditions. The Asian Journal Horticulture. 8, 140-42.

66



Sari, K.S. & Qrunflesh, M.M. (1995). Physiological and anatomical aspect of rooting
of Jasminum grandiflorium cv. 1. L. Pure and Applied Sci. 22(1), 53-
66.

Seyedi, A., Esmaeili, A., Zadesh, K. & Porsiabidi, M. (2014). Evaluation of
propagation of bougainvillea (Bougainvillea glabra. L) through
stenting method in response to different IBA concentrations and

rootstocks. IJFAS J. 3(8), 72-875.

Shadparvar, V., Torkashvand, A.M. & Alamshiri, H.A. (2011). Effect of auxin (IBA)
in sand and coco peat media on rooting of hibiscus (Hibiscus rosa-

sinensis ‘yellow double hybrid’). South Asian Journal of Experimental

Biology. 1(6), 281-285.

Sharma, R. (2014). Study on the effect of Auxins on Rooting, Growth and Flowering
of African marigold (Tagetes erecta L.) propagated through stem
cuttings (Master’s thesis). 1.G.K.V., Raipur, India.

Sharma, S.P. & Brar, R.S. (2014). High frequency multiplication of jasmine
(Jasminum sambac L.) Aiton using plant growth hormone solutions on

stem cutting. Int. J. Applied Life Sci. and Eng. 1(1), 70-73.

Shirol, A.M., Patil, A.A. & Nalwadi, U.G. (1992). Biochemical basis of Euphorbia
pulcherrima Willd. var. Alba Hort. rooting through cuttings. South
Indian Hort. 40(3), 159-165.

Shiva, K.N. & Nair, S.A. (2009). Effect of growing environment and rooting hormone
on root and shoot characters of hibiscus. Indian J. Hort. 66(2), 233-
238.

Siddiqui, M.I. & Hussain, S.A. (2007). Effect of indole butyric acid and types of

cuttings on root initiation of Ficus hawaii. Sarhad J. Agric. 23, 4.

Singh, A.K. & Singh, R. (2005). Influence of growth regulating substances on rooting
of cuttings of poinsettia cv. Flaming Sphere. Prog. Hort. 37(1), 85-88.

Singh, A.K. & Singh, V.B. (2003). Influence of wood maturity and auxins on the
regeneration of bougainvillea cuttings. Prog. Hort. 34 (2), 196-199.

67



Singh, A.K. (2001). Effect of auxins on rooting and survival of jasmine (Jasminum

sambac AH.) stem cuttings. Prog. Hort. 33(2), 174-177.

Singh, B., Panwar, R.S., Voleti, S.R., Sharma, V.K., Thakur, S. & Singh, N. (1999).
Studies on sprouting and survival of bougainvillea cuttings. National

Symposium on Emerging scenario in Ornamental Horticulture in 2000

A.D. and Beyond, 21st and 22nd July (pp.50). IARI, New Delhi,

Singh, D.R. (2002). Use of growth regulators in rooting of stem cuttings of
bougainvillea var. Thimma. Soc. Ornam. Hort. 5(1), 60-62.

Singh, J.N., Maurya, A.N. & Upadhyay, R.K. (1993). Effect of growth regulators on
rooting of hardwood cutting of fig (Ficus carica L.) Golden Jubilee
Symposium, Horticultural Society of India, Abstr. 46, 216.

Singh, K.K., Choudhary, T. & Kumar, A. (2014). Effect of various concentrations of
IBA and NAA on the rooting of stem cuttings of mulberry under mist

house condition in Garhwal hill regions. Indian Journal Hill Farming.

27,125-31.

Singh, K.K., Singh, T. & Tomar, Y.K. (2013). Multiplication of bougainvillea cv.
Torch Glory through shoot tip cutting under mist chamber. HortFlora
Res. Spectrum. 2(2), 139-144.

Singh, N. & Singh, B. (2011). Effect of different concentration of IBA on sprouting,
rooting and callusing potential of bougainvillea stem cuttings. 4Asian J.

Hort. 6(1), 229-229.

Singh, N. (2012). Effect of indole butyric acid (IBA) concentration on sprouting,
rooting and callusing potential in bougainvillea stem cuttings. Journal

of Horticultural Sciences. 7(2), 209-210.

Singh, N. (2012). Effect of indole butyric acid (IBA) concentration on sprouting,
rooting, callusing potential in bougainvillea stem cuttings. Journal

Horticulture Science. 7, 209-10.

Singh, R.P., Singh, A.R. & Kumar, V. (1986). Regeneration of Lagerstroemia indica

and Calliandra haematocephala by stem cuttings with the aid of indole

68



butyric acid. Haryana J. Hort. Sci. 15(3&4), 151-155.

Singh, S.P. (1990). Effect of auxin treatment and planting time on survival of rootings
and plant growth of bouginvillea cv. Thimma. Indian J. Agric. Res.

24(1), 1-5.

Sobhana, A., Rajeevan, P.K. & Geetha, C.K. (1996). Rooting response of seven
cultivars of bougainvillea as influenced by bio-regulators. Presented in
National Seminar on Propagation and Nursery Management in

Horticulture, October 4&S5, (pp.26). B.A.C.A., Anand.

Sochacki, D. & Chmiel, H. (1994). Effect of several factors on rooting of poinsettia
(Euphorbia  pulcherrima Wild.). Zeszyty Naukowe Instytutu

Sadownictwa-i- Kwiaciarstwaw- Skierniewieach. 1, 77-84.

Sohair, M.H. & Taleb, N.A. (1995). Studies on the propagation of Bougainvillea alba
plants by stem cuttings. Annals of Agricultural Sciences Journal. 40,

841- 851.

Sreelatha, W., Gopikumar, K. & Arvindakshan, M. (1991). Vegetative propagation of
jasmine through cuttings and layers. Agril. Res. J. Kerala. 29(1-2), 67-
70.

Stancato, G.C., Aguiar, F.A., Kanashiro S. & Tavares A.R. (2003). Rhipsalis
grandiflora Haw. propagation by stem cuttings. Scientia Agricola. 56,

185-190.

Stefancic, M., Stampar, F. & Osterc, G. (2005). Influence of IAA and IBA on root
development and  quality of Prunus' GiSelA  S'leafy
cuttings. HortScience. 40(7), 2052-2055.

Strydem, D.K. & Hartmann, H.T. (1960). Effect of Indole butryic acid and respiration
and nitrogen metabolism in Marianna plum softwood cuttings.
Proceedings of American Society of Horticultural Science. 45(1-2), 81-
82.

Sultana, Z. (2006). Rooting performance of stem cuttings of three ornamental plants

as influenced by growth regulators. International Journal of Natural

69



and Social Sciences. 3(2), 38-45.

Susaj, E., Susaj, L. & Kallco, 1. (2012). Effect of different NAA and IBA
concentrations on rooting of vegetative cuttings of two rose

cultivars. Research Journal of Agricultural Science. 44(3), 121-127.

Taiz, L. & Zeiger, E. (2006). Auxin: The growth hormone. Plant Physiology, 4(1),
468-507.

Thakor, C.M. (1994). Effect of growth regulators on rooting of stem cuttings of ixora
(Ixora singaporensis) (Master’s thesis). Gujarat Agricultural

University, S.K. Nagar

Thakor, C.M., Joshi, K.I., Patel, N.M. & Joshi, V.I. (1996). Effect of growth
regulators on rooting of stem cuttings of ixora (Ixora singaporensis).

Presented in National Seminar on Propagation and Nursery

Management in Horticulture, October 4&5, (pp.29). B.A.C.A., Anand.

Thimman, K.V. (1972). The natural plant hormones. In: Steward, F.C. (Ed.), Plant
physiology, Academic press. New York. 3-332.

Thomson, G. (1983). Simultaneous grafting and rooting of rose. Plant Propagator.
29, 4-6.

Thumar, B.V. (1991). Effect of growth regulators and number of nodes on the rooting
of stem cuttings of Bougainvillea peruviana L. var. Mary Palmer and
Thimma (Master’s thesis). Gujarat Agricultural University, S.K.
Nagar.

Torkashvand, A.M. & Shadparvar, V. (2011). Rooting in Hibiscus rosa sinensis
(yellow double hybrid) by indole butyric acid and substrates. IJPAES.
2(2), 194-197.

Ulemale, P.N., Chauhan, P.S., Gaikwad, S.C., Anjali, M. & Mundada, A.D. (2004).
Effect of growth regulators on root growth and subsequent bud graft

success in rose. Ann. Pl. Physiology. 18(2), 113-115.

Ullah, Z., Abbas, S.J., Naecem, N., Lutfullah, G., Malik, T., Khan, U., Mallik, A. &
Khan, I. (2013). Effect of Indole butyric acid (IBA) and naphthalene

70



acetic acid (NAA) plant growth regulators on Marigold (7agetes
erecta). African Journal of Agricultural Research. 8(29), 4015-4019.

Umesha, S. (2017). Effect of residual coconut water and spent wash from desiccated
coconut mills on epiphytic microflora and yield of gherkin and

chrysanthemum, Karnataka J. Agri. Sci. 22, 460-461.

Varalakshmi, G. (1986). Effect of IBA on rooting of hardwood cuttings of easyto-root
and difficult-to-root varieties of hibiscus. (Master’s thesis) Andhra

Pradesh Agril. University, Rajendra Nagar, Andhra Pradesh.

Waisel, Y., Ashel, A. & Kafkafi, U. (1991). Plant roots: the hidden half. New York;
March dekker. 22, 460-461.

Yeshiwas, T., Alemayehu, M. & Alemayehu, G. (2015). Effects of indole butyric acid
(IBA) and stem cuttings on growth of stenting propagated rose in Bahir

Dar, Ethiopia. World Journal of Agricultural Sciences. 11(4), 191-197.

Younis, A. & Riaz, A. (2003). Effect of various hormones and different rootstocks on

rose propagation. Cadernode Pesquisa Ser. Bio. 17(1), 111-118.

71



APPENDIX



APPENDIX

Weekly weather data during study period (1 August 2021 to 30
October 2021)

Temperature °C | Humidity (%) EVP BSS WS
Weel | RE Max | Min | RH1 | RH2 | (mm) | (Hrs) | (Kmph)

30 9.9 30.5 21.4 89 65 34 4.5 53
31 1.4 30.9 21.6 84 63 33 2.7 5.8
32 2.3 33.1 22.5 84 52 4.9 6.2 4.2
33 48.5 29.4 22.2 89 70 3.6 4.7 4.6
34 5.9 30.6 22.4 92 64 3.1 5.2 2.9
35 48.8 30.0 22.7 78 59 3.0 34 2.8
36 233.1 28.2 21.8 94 78 1.6 39 33
37 44 .4 30.9 22.0 90 69 34 6.6 4.3
38 48.6 30.9 22.3 105 71 4.0 5.1 3.7
39 133.9 5.0 28.9 21.8 94 75 1.6 2.2
40 112.9 3.0 32.7 22.4 94 59 35 7.3
41 3.0 0.0 33.0 21.2 92 46 4.4 7.8
42 45.8 1.0 31.1 19.6 89 48 4.2 7.0
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