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Abstract

Bougainvillea is popularly used as an ornamental plant, appraised because of its aesthetic bracts, but it
undergoes difficulty in propagation due to incompetence in root growth. Hence comprehensive research is
required for improving its propagation ways to widen its cultivation. The present study was therefore conducted
to explore the growth, rooting, and sprouting response of Bougainvillea cuttings to different planting conditions
(tunnel and open field conditions). The research was executed by applying a randomized complete block design
with factorial arrangement. Cuttings of two bougainvillea types (Climbing and Bush Bougainvillea) were used. It
was noted that growth and rooting of both bougainvillea types were significantly (P<0.05) affected by different
plantation conditions. The results elaborated that the Bougainvillea cuttings planted under tunnel conditions took
less time to sprouting (5.50) with maximum branches (20.01), sprouting (88.33%) and survivability (83.33 %).
The cuttings grown under tunnel conditions also exhibited maximum shoot and root biomass production (15.46 g
and 1.15 g) and root numbers (12.68). Concerning the Bougainvillea types, "Bush bougainvillea™ showed superior
performance for most of the assessed traits in comparison with its counterpart “Climbing bougainvillea”. After
reviewing the findings of this study, it is determined that bougainvillea plantation with plastic tunnels had better
results in terms of sprouts, rooting and growth characteristics. Pertaining to bougainvillea types, the "Bush
bougainvillea” exhibited greater results than the "Climbing bougainvillea".
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Introduction

Bougainvillea is originally of the family
Nyctaginaceae, possesses high ornamental value in
horticulture (Zhang et al,. 2023). These woody vines
belong to the tropical and subtropical climate,
distinguished by the vibrant bracts, a long flowering
period, and the great tolerance to harsh environmental
conditions makes them ideal ornamental plants for
environment (He et al., 2020). Bougainvillea is native
to Peru, Southern Argentina, and Brazil in South
America, but is widely cultivated as landscape plants
in other warm climate regions such as the Pacific
Islands, Southeast Asia, the Mediterranean, Australia,
and the Caribbean Islands (Saleem et al., 2021). This
widely grown ornamental plant (Gobato et al., 2016)
was first explored by Louis de Bougainville in Brazil
in the 18™ century, he brought it to the European
regions where it thrived and flourished successfully
(Ahmed, 2014). Now, it is cultivated worldwide as
both a shrub and a climber in subtropical and tropical
gardens (Elumalai et al., 2012) and it has gained a wide
attention in horticultural field, the pharmaceutical
industry, and research practices of environment

(Bautista et al., 2020). Bougainvillea serves as a great
eco-friendly ground cover to the places that are
difficult to maintain. It may suffocate weed growth
(Eed et al., 2015). Bougainvillea can be used in bonsai
and baskets as well (Kobayashi et al, 2007). The
usage of bougainvillea has been increased due to
modernization and urbanization since landscape
horticulture is being popular round the globe and
demand of vast production is raising in urban areas. It
is tolerant to drought and pollution thus minimal care
is required in comparison to other plants, and contains
multiple uses (Singh et al., 2017). Bougainvillea has
extensive blooming throughout the summer months. It
significantly reduces air pollution hence, they are
grown in public places particularly in gardens, urban
areas, parks and tourist destinations (Heti and Siwi,
2020). Wide adaptability to different agro-climatic
conditions and easy multiplication has made it a popu-
lar ornamental plant of the world. Moreover, as it is a
drought and pollution resistant plant, itis well suited
for industrial places and on road dividers (Kumar and
Prasad, 2002). The bougainvillea has high economic
and environmental value (Céline et al., 2006),
however, this vibrant and aesthetic plant encounters
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difficulty during propagation (Okunlola and
Akinpetide., 2016). Bougainvillea are usually
propagated through stem cuttings of pencil size
thickness and 15-25 cm length (Eed et al., 2015; Datta
et al., 2020; Singh et al., 2020) because stem cutting
is considered as the cheapest and simple method of
propagation however, the success rate of propagation
is very limited (Minj et al., 2023), due its inability to
compete for establishing adventitious roots by cuttings
which is a frequent issue and poses hurdles for its
vegetative propagation (Céline et al., 2006). Root
development is a prime stage in the vegetative
propagation of wood or horticultural plants, and
rooting problems will lead to significant economic
losses (Mohammed and Hamid, 2014). The response of
rooting can differ with variety, physiological stage of
the parent plant, time of plantation of the cuttings,
environmental elements of propagation chamber
(Hartmann et al., 2011). A wide variation is often seen
in different cultivars of the same species of
Bougainvillea for rooting, sprouting and growth traits
(Memon et al., 2013). Most nursery men observed a
poor rooting percentage in Bougainvillea. In Pakistan,
bougainvillea is generally propagated by stem cutting
under open field condition in plant nurseries. However,
so far, no report has been documented pertaining to
plantation and evaluation of Bougainvillea cuttings
under plastic tunnel conditions. The current research
was therefore formulated to explore the growth,
sprouting, rooting and success rate of Bougainvillea
cuttings under open field and plastic tunnel conditions.

Materials and Methods

Location of the study: The study was run at the plant
nursery of Horticulture department, Sindh Agriculture
University Tando Jam from October to December 2022
to examine the rooting and growth response of
bougainvillea cuttings under an open field and small
tunnel plantation conditions.

Sources of Plant Material: Healthy stem cuttings of
pencil size thickness having 20 cm length were taken
from bougainvillea plants growing in the nursery of
horticultural garden Sindh Agriculture University
Tandojam.

Experimental design procedure and plantation of
cuttings: The research was executed by employing
randomized complete block design with factorial
arrangements. The three replicates were used in the
study and kept at random. Cuttings of two
bougainvillea types (climbing bougainvillea and bush
bougainvillea) were planted to execute this study.
Cuttings were grown on 1% October 2022 in plastic
bags comprising a medium containing equal ratio of
sand and farmyard manure. The size of the plastic bag
was 25 cm x 15 cm with a growing media quantity of
1.5 kg. Cuttings were planted under an open field and
small plastic tunnel having a diameter of 150 cm and
height of 100 cm. The cuttings were kept at the nursery
under natural environmental conditions. Twenty
cuttings were planted in each replication. A total of 240
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cuttings were planted representing that 120 cuttings of
each bougainvillea type were planted in respective
plantation condition. The cuttings planted under open
field conditions were irrigated daily by applying light
water. However, the cuttings grown under small plastic
tunnel were applied water at the interval of 20 days.
Data Recorded: Data were recorded in terms of days
to sprouting, sprouts in each cutting, sprouts %,
branches in individual cutting, survivability %, fresh
and dry shoot biomass, fresh root biomass of individual
cutting and root number in each cutting.

Data Measuring Methodology

Days to sprouting: This parameter was recorded
regularly by counting the days taken for half of the
number of cuttings to sprout in each planting condition.
Sprouts per cuttings: The sprouts in each cutting were
recorded regularly by counting sprouts in each cutting
Sprouting %: This trait was recorded by counting the
number of cuttings that sprouted in each plantation
condition four weeks after plantation and expressed as
a percentage of total cuttings, initially planted.
Branches per cuttings: The branches in each cutting
were recorded by counting the total branches that
emerged from the sprouts of each cutting at the end of
experiment.

Survivability %: The survivability % was assessed as
the number of cuttings surviving divided by number of
cuttings that sprouted/emerged buds.

Fresh and dry shoot biomass per cutting (g): The
fresh shoot biomass was calculated after removal of
above ground plant parts (shoot) of each cutting by
analytical balance. Dry shoot biomass was recorded by
keeping the samples in the oven at 70 °C to a consistent
weight.

Fresh root biomass per cutting (g): The cuttings were
carefully removed from the soil. The above ground
growth (shoot) and roots of sampled cuttings were
separated. After that roots were washed gently by
removing the excess soil attached to roots. The excess
moisture in roots were removed by tissue paper; then
root biomass (fresh) of sampled cuttings were
measured by using digital balance.

Statistical analysis: The recorded data were subjected
to analysis of variance (ANOVA) using Statistics 8.1
computer software (Statistix, 2006) followed by LSD
test at 5% probability level to analyze the significant
difference between treatments (Plantation conditions
and bougainvillea types).

Results

Days to sprouting: Days to sprouting of Bougainvillea
cuttings were significantly varied for different
plantation conditions and Bougainvillea types and their
interaction (P<0.05) as shown in Figure 1. The
minimum days to sprouting of Bougainvillea 5.500)
were found in Plantation under tunnel conditions, while
the maximum days to sprouting (10.167) were noted in
Plantation under open field conditions. In the case of
Bougainvillea types, bush bougainvillea took less time
to sprouting (7.500) than “climbing bougainvillea”
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(8.166). The interactive effect of Plantation conditions
X Bougainvillea types revealed that "Bush
bougainvillea” took minimum days to sprouting
(5.000) when planted under tunnel environment and the
maximum days to sprouting (10.333) were obtained in

Asif et al.,

the interaction of plantation under open field
conditionsx “Climbing bougainvillea”. The LSD test
indicated that variances in bougainvillea for days to
sprouting within different plantation conditions as well
as types were statistically significant (P<0.05).
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Figure 1. Days to sprouting of bougainvillea types under different planting conditions

Number of sprouts cutting™: The results in Figure 2
depict that number of sprout cutting™ significantly
varied due to the independent and interactive effect of
various plantation conditions and Bougainvillea types.
The highest number of sprouts cutting® of
Bougainvillea (8.333) was determined in Plantation
under open field conditions, while the lowest number
of sprouts cutting™ (8.166) was noted in Plantation
under tunnel farming. In the case of bougainvillea
types, the number of sprouts cutting™ of bougainvillea
type “Bush bougainvillea” was significantly higher

(9.833) than “Climbing bougainvillea” (6.666). Their
interactive effect showed that plantation under tunnel
farming x “Bush bougainvillea” resulted maximum
number of sprouts cutting™ (10.000) and the lowest
number of sprouts cutting™ (6.333) was obtained in the
interaction of Plantation under tunnel condition x
“Climbing bougainvillea”. The LSD test indicated that
differences in bougainvillea for number of sprouts
cutting™* within different plantation conditions as well
as types were statistically significant (P<0.05).
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Figure 2. Number of sprouting cutting™ of bougainvillea types under different planting conditions
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Sprouting (%): The results of the analysis of
variance showed that the interaction between
different plantation conditions and Bougainvillea
types significantly affected the sprouting % (P<0.05)
as shown in Figure 3. The maximum sprouting %
(88.333) was determined in planting of cuttings under
tunnel environment, while the less sprouting %
(76.000) was seen in when cuttings were planted to
open field. With regards to the types, the sprouting %
of “Bush bougainvillea” was significantly higher
(84.000) than “Climbing bougainvillea” (80.333).
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The interactive effect of Plantation under tunnel
conditions x “Bush bougainvillea" showed the
highest sprouting % (90.000) and the lowest
sprouting % (74.000) was obtained in the interaction
of Planting of cuttings to open field conditions x
“Climbing bougainvillea”. LSD test revealed that
variances in bougainvillea types for sprouting%
within different plantation environments/conditions
as well as types were statistically significant
(P<0.05).
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Figure 3. Sprouting % of bougainvillea types under different planting conditions

Number of branches cutting™: The data regarding the
number of branches cutting™ is elaborated in Figure 4.
It reveals that the interaction between various
plantation conditions and Bougainvillea types was
significant (P<0.05). The maximum number of
branches cutting® of Bougainvillea (20.017) was
determined in plantation under tunnel farming, while
the minimum number of branches cutting™ (17.833)
was noted in plantation under open field conditions.
Concerning to the bougainvillea types, the number of
branches cutting? of “Bush bougainvillea” was

significantly — higher (20.167) than “Climbing
bougainvillea” (17.683). The interactive effect of
Plantation under tunnel farming x  “Bush
bougainvillea" vyieldled more branches cutting®
(21.333), and less branches cutting(16.667) was
obtained in the interaction of plantation of cuttings in
open field conditions x “Climbing bougainvillea”.
LSD test showed wvariances in branches of
bougainvillea cutting® within different plantation
conditions as well as types were also statistically
significant (P<0. 05).
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Figure 4. Number of branches cutting of bougainvillea varieties under different planting conditions
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Survivability (%): The findings regarding
survivability % elaborates that the individual and
interactive  effect between various plantation

conditions and Bougainvillea types was significant
(P<0.05) as shown in Figure 5. The highest
survivability % of Bougainvillea (83.333) was
determined in Plantation under tunnel farming, while
the minimum survivability % (78.667) was noted in
plantation under open field conditions. When
comparing the types it was observed that, the
survivability % of bougainvillea type “Bush
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bougainvillea” was significantly higher (83.667) than
“Climbing bougainvillea” (78.333). The interactive
effect of plantation under tunnel farming x “Bush
bougainvillea” produced plants of maximum
survivability % (86.667) and the less survivability %
(76.667) was found in the interaction of plantation of
cuttings in open field conditions x “Climbing
bougainvillea. It was demonstrated in LSD test that
differences in  bougainvillea  survivability %
within different plantation conditions as well as types
were statistically significant (P<0.05).
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Figure 5. Survivability % of bougainvillea types under different planting conditions

Fresh biomass of shoot (g): The results of the analysis
of variance showed that the interaction between
different plantation conditions, types, and fresh
biomass of shoots (g) was significant (P<0.05) as
shown in Figure 6. The maximum fresh biomass of the
shoot of Bougainvillea (15.463 g) was found in
plantation of cuttings in tunnel conditions, whereas the
least shoot biomass (12.965 g) was recorded in
plantation of cuttings in open field environment. In
case of Bougainvillea types, the fresh biomass of the
shoot of "Bush bougainvillea" was significantly higher
(15.132 g) than the variety "Climbing bougainvillea”

(13.297 g). The interactive effect exhibited that
cuttings planted under tunnel conditions x “Bush
bougainvillea” produced maximum shoot biomass
production (16.223 g) and the least shoot biomass
production (11.890 g) was obtained in the interaction
of plantation of conditions in open field conditions x
“Climbing bougainvillea" when compared to the rest of
the plantation conditions and types. The LSD test
indicated that differences in bougainvillea fresh
biomass of shoot (g) within different plantation
conditions as well as types were statistically significant
(P<0.05).
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Figure 6. Fresh biomass of shoot (g) of bougainvillea types under different planting conditions

Fresh biomass of root (g): The results of the analysis
of variance for fresh biomass of roots (g) showed that
the independent as well as interactive effect of various
plantation conditions and Bougainvillea types was
significant (P<0.05) as shown in Figure 7. The greater
fresh root biomass of Bougainvillea (1.158 g) was
found in cuttings, planted in tunnel conditions, whereas
the lowest root biomass (1.030 g) was noted in planting
of cuttings in open field conditions. As far as the
bougainvillea types are concerned, the fresh biomass of
the root of bougainvillea type “Bush bougainvillea"”

was significantly higher (1.243 g) than the "Climbing
bougainvillea” (0.945 g). The interaction results
demonstrated that plantation of cuttings under tunnel
conditions x “Bush bougainvillea" exhibited greater
root biomass production (1.343 g); and less root
biomass production (0.916 g) was obtained in the
interaction results of plantation of cuttings in open field
conditions x “Climbing bougainvillea". The LSD test
indicated that variances in bougainvillea root biomass
within different plantation conditions as well as types
were statistically significant (P<0.05).
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Figure 7. Fresh biomass of root (g) of bougainvillea types under different planting conditions

Number of roots cutting™: The results of the analysis
of variance showed that the number of roots cutting™
varied significantly due to the independent and
interactive effect of different plantation conditions and
Bougainvillea types (P<0.05) as shown in Figure 8.
The maximum number of roots cutting? of
Bougainvillea (12.683) was observed in Plantation
under tunnel farming, while the minimum number of
roots cutting™ (10.667) was noted in plantation under
open field conditions. About the bougainvillea types,
the number of roots cutting™ of bougainvillea type

"Bush bougainvillea” was significantly higher
(13.183) than “Climbing bougainvillea” (10.167). The
interactive effect of plantation under tunnel farming x
“Bush bougainvillea" provided with highest number of
roots cutting™ (14.367) whilst the less roots cutting?
(9.333) was obtained in the interaction of plantation in
open field conditions x “Climbing bougainvillea”. The
LSD test indicated that variances in bougainvillea
roots cutting within different plantation conditions as
well as types were statistically significant (P<0.05).
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Figure 8. Number of roots cutting™* of bougainvillea types under different planting conditions

Dry biomass of shoot (g): The results regarding the
dry biomass of shoot are presented in the Figure 9. It
depicts that the interaction between different plantation
conditions and Bougainvillea types and their individual
impact on dry biomass of shoot differed significantly
(P<0.05). The maximum dry biomass of the shoot of
Bougainvillea (4.818 g) was determined in plantation
of cuttings in plastic tunnel conditions, whereas less
dry shoot biomass (3.791 g) was noted in plantation in
open field environment. In the case of bougainvillea
types, the dry biomass of the shoot of bougainvillea

type “Bush bougainvillea” was significantly higher
(4.723 g) than “Climbing bougainvillea” (3.886 g). The
interactive effect of plantation under tunnel farming x
“Bush bougainvillea” displayed greater dry shoot
biomass production (5.266 g) and the less dry shoot
biomass production (3.403 g) was obtained in the
interaction of plantation in open field conditions x
“Climbing bougainvillea". The LSD test indicated that
variances in bougainvillea dry shoot biomass
within different plantation conditions as well as types
were statistically significant (P<0.05).
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Figure 9. Dry biomass of shoot (g) of bougainvillea types under different planting conditions

Discussion

Rooting tendency of cuttings is an essential factor
in plant propagation of woody plants, which differs
from one specie to another, along with several other
factors (Kochhar et al.,2008). However, sexual
propagation (seeds) becomes the reason of genetic
variability which leads the plants to encounter several
kinds of diseases. Vegetative propagation through
cuttings exhibits the pros of developing true to type

plants within short time frame, it ensures the presence
of primarily healthy material for conducting large scale
plantation with rapid advantages and disease-free
varieties of commercial importance (Kesari et al.,
2009). Hence, propagation through stem cuttings has
broader spectra with wide applications in the field of
ornamental horticulture. The increasing interest in
ornamental plants is due to their economic value
(Kumar and Prasad, 2010), this raises the demand of

255



J. Appl. Res Plant Sci. Vol. 5(2), 249-258, 2024,
Www.joarps.org

increased propagation. Therefore, in our study we have
explored the ways to improve the Bougainvillea
propagation. Asexual means are the prime ways to
carry out Bougainvillea propagation (Shrestha et al.,
2023; Lin et al., 2024), but the vegetative propagation
by stem cuttings is the most effective way of
multiplying Bougainvillea because of its simplicity and
applicability in our country (Memon et al., 2013).

In the present research, Bougainvillea types under
different planting conditions were examined. The
findings showed that plastic tunnels and Bush
Bougainvillea exhibited good results for vegetative
attributes, like the days to sprouting, sprouting %,
number of sprouts per cutting. It was found that
minimum days were taken to sprouting under plastic
tunnels. The results were coherent with the findings of
(Hussain et al., 2012) who described that minimum
days to sprouting were taken by the cuttings in
pomegranate grown under plastic tunnel. This rapid
rooting could be due to the high temperatures and
humidity retained in the plastic tunnel. Furthermore,
the results are coherent with (Elgimabi., 2009), their
study states that light, temperature, and humidity are
regarded as essential in rooting and succeeding growth
of cuttings. (Pipattanawong et al., 2007) when studied
on fig states that the highest bud emergence % was
found under plastic pavilions in 1.8 to 2.0 cm cultting,
these findings are related to our study which showed
that the highest sprouting % was observed under plastic
tunnels in Bush Bougainvillea type, as Bougainvillea is
less likely to grow vigilantly under open ground
conditions (Alif and Nasrullah, 2023), further these
findings are in line with the results of (Hussain et al.,
2016) who reports maximum sprouting (79.94%) when
cuttings were grown under plastic covering while
minimum percentage (58.30%) was observed in
cuttings grown with no covering material in the sweet
lime cuttings. In case of environmental conditions,
maximum sprouting (86.40%) was observed in plastic
tunnel in the cuttings of pomegranate (Hussain et al.,
2012). Similar observations were stated by (Elgimabi.,
2009), who reported that cuttings grown under plastic
tunnel provided with the best rooting and vegetative
growth. Furthermore, from the findings of (Hussain et
al., 2012), it was seen that the type of cuttings and
environmental conditions significantly affected the
number of sprouts per cuttings. Similarly in our study,
Bush Bougainvillea provided superior results, and
plastic tunnels were found to be best for number of
sprouts.

Like our study, (Elgimabi., 2009) found maximum
number of roots from the Hamelia cuttings when grown
under plastic tunnels, as root development is influenced
by various alterations and is regulated through a series
of interconnected physiological stages (Pirdastan et al.,
2020). Same trend was found for other attributes like
number of roots per cutting, fresh shoot biomass, fresh
root biomass and dry weight of shoot. Hence, the
cuttings grown under plastic tunnels have profound
impact on growth traits. Moreover, among the
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protected structures, plastic tunnels are cheap, and
convenient way of production (kumar et al., 2015).
(Singh, 2018) reported that the best results are seen in
Bougainvillea when it is grown under plastic sheets. In
the past few years, plastic tunnels have gained the
ground because it prevents the harsh conditions during
flowering, this technique can even reduce the damage
of fruits and flowers (Carlen and kruger, 2008).
Cultivation under high or low tunnels can make the
produces better (Demchak, 2009), growing the plants
under plastic (polyethylene), either with high tunnels
or greenhouses, triggers environmental changes, light,
temperature and relative humidity and other external
conditions that can influence the productive and
physiological conditions of the plant (Li et al., 2012).
Usually, the physiological condition of the mother
plant, timing of plantation of cutting are the main
elements impacting the effectiveness of rooted woody
stem cuttings in most of the horticultural plants and
fruit trees (Rowezak, 2001).

Conclusions

After reviewing the data of this study, it is
concluded that plantation conditions had considerable
effect on sprouting, growth and rooting of both
Bougainvillea  types  (Climbing and  Bush
Bougainvillea). However, Bougainvillea stem cuttings
planted under tunnel conditions showed the most
promising results in comparison with cuttings planted
under open field conditions. In the case of
Bougainvillea types, Bush Bougainvillea exhibited
maximum rooting and growth response under both
plantation conditions (Tunnel and open field
conditions).

Recommendations

It is recommended that Bougainvillea cuttings be
planted under plastic tunnel conditions for better
sprouting and other growth attributes. Nevertheless,
other plantation methods may also be employed for the
successful propagation and multiplication of diverse
ornamental plant species.
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