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ABSTRACT
An experiment was carried out to study the effect of coconut water on cutting establishment of
Ixora (Ixora coccinea) at the shade house of Crop Farm, Eastern University, Sri Lanka during the
period February 2016 to May 2016. The experimental was laid out in Complete Randomized
Design (CRD) replicated thirty times. The treatments were: coconut water treatment (T1) and
without coconut water treatment (control T0).
The poly bags were filled with top soil: red soil: cow dung at the ratio of 1:1:1 and leaving 1 inch
at the top for watering. The uniform cuttings were selected. The cuttings were taken in the early
morning and the cutting ends were kept in water prior to planting to keep the cuttings turgid. Then
the cuttings were planted into the prepared poly bags and labeled. Coconut water was collected in
a clean bucket in the early morning. Once in five days, 100 ml coconut water was poured into the
bags (T1).
The results suggest that, length of roots (52 %), the number of roots (63 %) and root initials (70
%) plant height (28 %), number of branches (44 %) and number of leaves (70 %) increased with
the application of coconut water to the cuttings. Therefore, under the conditions of this
experiment, establishment ability is high when the cutting treated with coconut water. This is one
of the cheapest ways to induce number of roots and shoots in Ixora.
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INTRODUCTION
Ixora (Ixora coccinea L.) is a popular hedging plant in subtropical regions of India (Kirtikar and
Basu, 1984). Ixora, acquired from Sanskrit ‘IKVANA’ name of Malaysian Deity which means
Iswara to whom flowers were offered. Coccinea means scarlet coloured. Hindus think the bush as
scared to Shiva and Vishnu. It is a dense, multi-branched evergreen shrub, usually grows up to a
height of 1.2–2 m, but able attain 3.6 m high. It is otherwise known as West Indian Jasmine and
belongs to the family Rubiaceae. The plants have leathery leaves and produce large clusters of
tiny flowers. They produce orange, gold, pink and red flower and it’s also known as jungle flame
and flame of the woods. Flowers are suitable for indoor decoration, as they remain fresh for a long
time after plucking and have great economic importance through good aesthetic beautification of
the environment. Ixora plant care is negligible, which makes it useful as part of the low
maintenance landscape.
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Ixora is traditionally used as hepatoprotective, chemoprotective, antimicrobial, anti-oxidant,
antinociceptive, anti mitotic and anti inflammatory activities (Sunitha et al., 2015), anticancer
activity of the leaves of Ixora was found to be due principally to the known alkaloid, camptothecin
(Saravanan and Boopalan, 2011). The flowers mainly constitute cycloartenol ester, lupeol fatty-
ester, ursolic acid, oleanolic acid and β- sitosterol and used in reddened eyes and eruption in
children (Zacharieh et al., 1994). Under tropical conditions, they flower through the year and are
often used in ayurveda and Indian medicine. Roots are used for stomach troubles and dysentery,
treatment for bloodshot eyes, sores and ulcers.

Ixora is a moderate to root plant species and rooting ability is moderate under natural conditions.
Adventitious root formation is a key step in vegetative propagation of woody or horticultural
species, and problems associated with rooting of cuttings frequently result in significant economic
losses (De Klerk et al., 1999 and Mohammed and Hamid, 2014). The success of rooting of woody
stem cuttings, in the majority of ornamental plants and fruit trees depends primarily on the
physiological stage of the mother plant (Day and Loveys, 1998), time at which the cuttings were
taken (Hartmann and Loreti, 1965 and  Darwesh, 2000) and the type of growth regulators used
(IAA, IBA, cytokinin and gibberellins) (Rowezak, 2001). The hormone that stimulates the growth
of adventitious roots is called auxin, commercially in the form of Indolebutyric acid (IBA) and
Napthalene Acetic acid (NAA). Effect of auxin on initiation of rooting of cuttings of horticultural
crops has been reported by many workers (Sherer et al., 1985; Leaky et al., 1982). Oluwagbenga
(2016) reported that coconut water contains cytokinins, auxins (IAA), gibberellins (GA1, GA3),
and abscisic acid (ABA). Coconut water contains plant growth hormones such as auxin,
gibberellins, cytokinis and natural inhibitors and regulators which include ethylene, abscisic acid,
phenols and flavonols (Juanita et al., 1988). Cytokinins such as zeatin and kinetin have been
present in coconut water (Mauney et al., 1952, Lethan, 1974 and Van Staden, 1974). Therefore,
coconut water can be used to improve the rooting of cuttings in Ixors and is the cheapest source of
nutrients, freely accessible and environmentally friendly. To date, no systematic studies have been
carried out in order to improve the rooting of cuttings of Ixora using coconut water. Hence, an
attempt was made to test the effect of coconut water on the rooting of cuttings of Ixora.

METHODOLOGY
An experiment was carried out to study the effect of coconut water on the cutting establishment of
Ixora at the shade house of Crop Farm, Eastern Uiniversity, Sri Lanka during the period February
2016 to May 2016. This experiment was laid out in a Complete Randomized Design (CRD)
replicated thirty times. The treatments were; coconut water treatment (T1) and without coconut
water (control) (T0).

The poly bags were filled with top soil: red soil: cow dung at the ratio of 1:1:1 and leaving 1 inch
at the top for watering. The uniform cuttings were selected. While planting, cuttings ends were
dipped in coconut water (T1) and sterile water (T0) for a period of 15 minutes. Then the cuttings
were planted into the prepared poly bags and labeled. Coconut water was collected in the clean
bucket in the early morning. Once in five days, 100 ml coconut water was poured into the bags
(T1). All agronomic practices were carried out. Sampling was done at fortnight intervals starting
from 30 days after planting (DAP) up to 60 DAP. The following parameters viz., plant height,
length of roots, number of roots,  leaves, branches and root initials were measured and recorded
data was analyzed statistically by using Minitab statistical package at different periods of growth.
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RESULTS AND DISCUSSION
Roots
Length of longest root
There were significant differences (P < 0.05) in the length of the longest root between coconut
treated cuttings (T1) and the control (T0) (Table 1). Also, 95% confidence intervals (1.413,
3.521), (1.471, 3.530) and (16.644, 18.522) confirms that there is the difference between coconut
water applied cuttings and the control. The average length of roots in T1 and T0 were 11.09, 8.63
at 30 DAP, 14.75, 12.25 at 45 DAP and 23.50, 15.42 at 60 DAP. This might be due to the effect of
cytokinins, auxin present in coconut water. Therefore, it is evident that Cytokinins and IBA
present in the coconut water stimulated the formation of masses of undifferentiated
cells (callus). The callus cells are then induced to form roots as a result of exposing them to certain
hormones like auxins (in the coconut water) that produced roots. This increase in root length also
may be due to the effect of growth regulators IBA on the metabolites translocation and
carbohydrates metabolism. Rout (2006) observed that IBA produced a higher yield of roots in
Camellia sinensis compared to the other auxins. This result is inconsistent with the studies of
Okunlola (2016) who reported that rooting hormones applied wood cuttings of Bougainvillea
spectabilis had a significant effect on length of roots compared to that of control.

Table 1: Average length of longest root (cm) at 30, 45 and 60 DAP

Average root length (cm) 30 DAP 45 DAP 60 DAP
T0 8.63 12.25 15.42
T1 11.09 14.75 23.50
T value 4.87 5.04 38.94
P value 0.000 0.000 0.000

Number of roots and root initials per cutting

The number of roots per cutting is given in Table 2. Coconut treated cuttings had a significant
effect on a number of roots per cutting. At 30, 45 and 60 DAP, the higher percentage of roots per
cutting was recorded (77%, 32% and 63% respectively) in those cuttings treated with coconut
water than in control. These results are in agreement with the findings of Oluwagbenga (2016)
who reported that the number of roots per parkia biglobosa plant was high in coconut water
treated plant compared with control. Proportion test for the number of root initials in T1 and T0
confirms that there is the greater chance for higher root initials when coconut water applied to
cuttings. Jean et al. (2009) reported that coconut water was widely used in the plant tissue culture
industry for the production of callus.

The main step in asexual propagation is the formation of adventitious roots. The development of
adventitious root formation is influenced by internal and external factors (Davis et al., 1988).
Among internal factors, the most important role is attributed to phytohormones, especially the
auxins. IBA has the greater ability to form adventitious roots than IAA (De Klerk et al., 1999 and
Ludwig-Muller, 2000), this is probably due to the higher stability of IBA. IBA induces the higher
number of adventitious roots (Ludwig- Muller, 2000). IAA also stimulates cell division in the
pericycle leading to the formation of lateral and adventitious roots. Therefore, Indole-butyric acid
(IBA) is used to induce the root formation in cuttings. In other words, it promotes root initiation.
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Table 2: Number of roots and root initials per cutting at 30, 45 and 60 DAP

Proportions 30 DAP 45 DAP 60 DAP
Number of roots
T1 0.64 0.57 0.62
T0 0.36 0.43 0.38
P value 0.000 0.000 0.000
Number of root initials
T1 0.57 0.68 0.63
T0 0.43 0.31 0.37
P value 0.002 0.000 0.000

Shoot
Plant height
At 30, 45 and 60 DAP, plant height was significantly increased (P = 0.000, t value = 5.28) by
43%, 25% and 28% respectively with coconut water compared to that of control (Table 3). This
increase in stem length is also due to the activity of the BA in cell elongation and division (Al-
hasnawi, 2011). Cytokinin increases the nitrogen content of leaves which is important in the
formation of protein, nucleic acid, chlorophyll, enzyme, vitamins and plant hormones. In addition
to the formation of the cell membrane, it produce ATP and NADP and amides (Al-hasnawi, 2011).
This result is in agreement with Carey et al. (2007) who used Cytokinins to increase the plant
height in Petunia, Al-Abbasi (2009) in Dianthus caryophyllus L. and Al-Hasnawi (2011) using
Chrysanthemum. These results are also in consonance with that of Yong et al. (2013) who
reported that cytokinins stimulate the growth of roots and shoots, this, in turn, increased the
height.

Table 3: Average plant height (cm) at 30, 45 and 60 DAP

Plant height cm) 30 DAP 45 DAP 60 DAP
T0 10.75 16.46 20.83
T1 15.38 20.63 26.75
T value 5.28 2.53 2.09
P value 0.000 0.019 0.040

Number of branches
Application of coconut water increased (P < 0.05) the number of branches at 30, 45 and 60 DAP
(Table 4). Amrut and Rajput (2013) reported that application of coconut water increased the
number of branches in fenugreek plant compared to control, suggesting that the growth hormones
present in the coconut water responsible for cell elongation and cell division and resulted in
increased number of branches.

Table 4: Number of branches per cutting at 30, 45 and 60 DAP
Proportion 30DAP 45 DAP 60 DAP
T0 0.37 0.41 0.41
T1 0.63 0.59 0.59
P value 0.002 0.034 0.013
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Number of leaves
The result of proportion test showed that at 30, 45 and 60 DAP, the number of leaves of Ixora
increased by 38%, 50% and 70 %, respectively due to the treatment with coconut water (Table 5).
The increase in the number of leaves may be attributed to the effect of more number of roots and
plant height per cutting. This increase is mainly due to auxins which stimulate the photosynthesis,
involve in the light reaction and activates the Rubulose-Biphosphate Carboxylase enzyme which
resulted in the increase nutrition in leaves (Al-hasnawi , 2012). This is in agreement with the
studies of Al-Hasnawi (2012) who reported that foliar application of IBA increased the leaf
number to Zinnia haageana; Zia Ullah et al. (2013) in marigold (Tagetes erecta L.) and Amrut
and Rajput (2013) in fenugreek. But high concentration decreases the leaf number.

Table 5: Number of leaves per cutting at 30, 45 and 60 DAP

Proportion 30 DAP 45 DAP 60 DAP
T0 0.42 0.40 0.37
T1 0.58 0.60 0.63
P value 0.000 0.000 0.000

CONCLUSION
The results suggest that, length of roots (52 %), the number of roots (63 %) and root initials (70
%), the plant height (28 %), number of branches (44 %) and number of leaves (70 %) increased
with the application of coconut water to the cuttings.
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