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Bougainvillea has key importance in a landscape, as its flowers come in broad range of colors and having 
protection quality as well. To provide maximum part of water to other important necessities of life, so it 
was more important to screen out drought tolerant genotype(s) of bougainvillea. To achieve this objective, 
six bougainvillea spp. Such as Spectabilis, Glabra red, Peruviana, Glabra Yellow, Dawn, and Rainbow 
gold were tested in Randomized Complete Block Design (RCBD) at different drought intensities (250ml, 
200ml, 150ml, 100ml and 50ml) in ten inches plastic bags-250 ml water application was considered as 
control. Results indicates that higher number of shoots (10.8), leaves i.e. 47.8, maximum plant canopy 
i.e., 24.8cm, maximum plant height (48.9 cm), lengthiest such as 6.3 cm and widest i.e., 4.7 cm leaves 
and maximum branch length i.e. 11.7 cm were observed when treated with water level of 250ml, whereas, 
maximum number of flowers such as 11.7 were recorded for water application of 50ml. This study 
unveiled two-bougainvillea spp. (Dawn and Glabra Red) as the drought tolerant genotypes as they 
developed desired canopy, plant height, leaves and flowers even in intense drought. 
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INTRODUCTION 
Landscaping enhances the present value of 
properties or communities therefore it has 
significant role in uplifting the economy of a 
country. Landscape also offers a plausible 
environment and excellent background for the 
buildings hence, building landscaping is worked as 
a dress for infrastructure and whole community 
which could add beauty to it (Nedjimi, 2014, Carter 
et al. 2005). Besides beautification, plants yield 
oxygen and improved the micro-climate of the area 
by refreshing its surrounding area, providing 
shade, cooling effects and improve health level in 
the present era of tense life ultimately enhancing 
the quality of life. In the urban areas water shortage 
is a serious challenge for the growth and 
development of economic which vary from area to 
area. Among all plants, Bougainvillea specie is the 
only colorful shrub that dominates wide area in 
landscaping (Grieve et al. 2006). This plant species 
is considered as one of the important sources of 
expenses during construction and maintenance of 
buildings. 
Several authors studied the effect of water 
application on pigments, vegetative growth and 
mineral contents of ornamental plants such as 
Bougainvillea, Senna occidentalis, and Plumbago 
(Habib, 2002; Aly, 2004; Ashour, 2008). Response 
of water stress has also been observed for many 
decades during the extensive researches on 
various ornamental plants (Flowers et al. 1977; 
Greenway and Munns, 1980; Franco et al. 2006 
and Chaves et al. 2006). Large number of studies 
were concerned with plant height, shoots & leaf 
length, leaf width and stem number (Navarro et al. 
2009). 
Bougainvillea is naturally cultivated as tropical and 
sub-tropical evergreen shrub that have showy, 
colorful and bright petaloid bracts which found in 
warm areas such as Mediterranean, Malaysia, 
India, Australia, Mexico, and in the United States of 
America (Arizona, California, Florida, Hawaii, and 
southern Texas). Fences, offices, house colors, 
arbors decorations and playgrounds are furnished 
by using Bougainvillea plant. It is also a great vine 
for decorating the large containers, patios, and 
plazas (Sharif Hossain et al. 2007). Among all 
parts, Bougainvillea inflorescence is the most 
useful aesthetic part whereas, flowering of 
Bougainvillea have great importance to be studied 
in near future. Water shortage advanced the 
flowering stage on Bougainvillea plants therefore 
has significant role in flower initiation process 
(Tang et al. 2000).  
Bougainvillea plant has extensive scope in 

landscape, either used as fixed plant, a potted plant 
specifically in landscape of semi-tropical areas, or 
an annual shrub in the temperate regions. This 
plant has no insect pest and disease attack under 
normal growing conditions therefore considered as 
showy tropical plant. Bougainvillea plant has 
diverse range of beautiful colors and belongs to 
Nyctinginacea family that have a wide spectrum of 
fourteen species in which B. spectabilis, B. 
peruviana and B. glabra are considered as good 
horticultural plants. Its origin is situated in the South 
region of America (Forzza et al. 2010). Name of 
this shrub is coming from Louis Antoine de 
Bougainville in Brazil by a French military 
commander who was the first European to consider 
this plant in 1768. It can also be trained into bonsai 
or topiary plant. In the absence of Bougainvillea in 
landscaping places, public parks, local gardens, or 
roads will be a less plausible that we can see today. 
Because of natural mutations process a large 
number of colors have been evaluated in 
Bougainvillea specie. Currently eight species and 
more than three hundred cultivars of Bougainvillea 
are most commonly in use (Willdenow, 1798). B. 
spectabilis specie is well known for its distinctive 
stem with hairy large and ovate leaves having 
rippling along the sides of edges. Moreover, this 
specie is characterized by dark purple, pink, or red 
bracts with small-creamed flowers and curved 
large size thorns. Climbing evergreen B. glabra 
specie was also introduced in 1850 by Brazilian 
botanist Jacques Denys Choisy. This specie has 
smooth hairless and green leaves with exceptions 
of small hairs (Schlein et al. 2001; Joseph et al. 
2005 and Ali et al. 2005). Generally, the flower 
bracts are triangular and purple in color although 
white color is common. The Bougainvillea species 
sprouts many times in a year. glabra and 
spectabilis are similar but the main difference is 
that B. glabra is hairless while B. spectabilis have 
hairy. 
There are many species of Bougainvillea having 
unique qualities such as peruviana, pink pixie, 
Alexandra, glabra, white and nana red etc. Hybrids 
of these species are also there to mix plant growth 
habits and different color combination. The process 
of continuous variations and mutations under 
different environmental conditions can exploits the 
better genotypes. Maintenance of landscape 
needs continuous supply of the quality irrigations 
water. Bougainvillea species are the most 
important part of landscape projects that can be 
used in the development of new cities. Most of 
cities are developed in the deserts which have 
higher amount of saline water from grounds and 
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sea regions. Hence desalination units are installed 
to purify the water for the application in irrigation 
purposes (Alshehhi, 2010). Therefore, this is a 
ubiquitous need of time to conduct research in this 
aspect that could leads us to find out some 
Bougainvillea clones with its potentials role in 
salinity tolerance. The sustainability can be 
attained by lower maintenance inputs and 
durability. They can be achieved by additions of 
some salt tolerant species in landscape. Soil 
salinity is a very trending issue in the world with 
nearly 10 percent of the earth’s is covered with salt-
affected soils and up to 100 M ha land is saline due 
to salt water irrigation (Marcum, 2006).  
Pakistan has dry arid climate in most parts of the 
country with most-hottest months of year reaching 
up to 48°C. Since, there is vast land along the 
coastal sides of Arabian Sea whereas sea level is 
high that results in shallow water level with saline 
ground water. The provision of clean water for 
plants is very expensive due the process of 
desalination process and application of desalinated 
plants are also counted for high prices. Therefore, 
in present study new genotypes are introducing 
that have possible solution for above said 
problems. In this study tolerant species of 
Bougainvillea under drought condition were 
evaluated and subsequently their adaptability to 
different environmental conditions. Furthermore, 
water conservation by application of ground 
water/salt water was assessed to tested species 
and utilization of minimum water for Bougainvillea 
species.  
  
MATERIALS AND METHODS 
This study was carried out to test different 
Bougainvillea species which were collected from 
different nurseries and established at Swabi 
University. Capabilities of these species to tolerate 
drought stress was evaluated under the agro-
climatic conditions of Swabi, KP-Pakistan. Different 
species of Bougainvillea that were grown under 
similar conditions and eventually attained uniform 
vigorous growth were further tested for their 
performance under drought stress condition.  

Evaluation of drought stress tolerance:  
In present study 6 species of Bougainvillea were 
tested for their evaluation against drought stress. 
To achieve this objective, one year old plants were 
grown in plastic bags of 10inch. Plants of uniform 
height was obtained from various nurseries of 
Khyber Pakhtunkhwa. A standard planting medium 
comprises on 20% compost, silt @ 30 percent, 
sand @ 30 percent and clay @ 20 percent, were 

used. Transplanted plants were kept in nursery for 
maintaining semi shade conditions for 
establishment of plantlets. Among cultural 
practices, pruning was done for each plants till their 
maximum branches uniformity and maintenance of 
green canopy in all plants. After establishment an 
experiment was conducted for testing and initially 
evaluating the water consumption of different 
species of Bougainvillea under two conditions. 
Different water treatments were applied to each 
plant arranged in RCBD with 3 replications for the 
identification of real water needs of each plant 
under the prevailed microclimate of nursery area. 
Five groups of plants were applied different levels 
of water and found threshold of water requirement 
for each plant. On the basis of this experiment, five 
different treatments of water were optimized for the 
experiment. These five levels of water were applied 
as 100%, 80%, 60%, 40% and 20%. The 
experiment was lasted for 6 months to better 
evaluate the response of different Bougainvillea 
species at dissimilar rate of water application 
T1 = 250ml of water 
T2 = 200ml of water 
T3 = 150ml of water 
T4 = 100ml of water 
T5 = 50ml of water 
The evaluated Bougainvillea species were: 

i) Bougainvillea spectabilis 
ii) Bougainvillea glabra red 
iii) Bougainvillea peruviana 
iv) Bougainvillea glabra yellow 
v) Bougainvillea dawn 
vi) Bougainvillea rainbow gold 

Response of species were evaluated by using the 
following parameters 

I. Shoot numbers 
II. Plant canopy 

III. Plant height 
IV. Leaf length 
V. Leaf width 
VI. Leaf numbers 

VII. Flower numbers 
VIII. Branch length 
The species which exhibit the better performance 
at least level of water were recommended for its 
further evaluation and highly recommended for its 
utilization in landscaping under water scars 
conditions. 
Data was statistically analyed by using the 
statistics 8.1 software and analysis of variance 
(ANNOA) were determined by using the MS Excel. 
Based on above data, Bougainvillea varieties with 
high salt tolerance were select. The species which 
responded positively against drought stress and 
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recommended for further research works and to be 
included in the local landscape area deficient in 
water. 
 
RESULTS  
Evaluation of drought stress tolerant based on 
different parameters 

Number of shoots 
Statistical data related to the shoot number of 
bougainvillea Spp. showed that shoot number was 
negatively influenced by various levels of water 
stress and given here in table 1. 
 

Table1. Effect of drought stress on shoot numbers of different Bougainvillea species 

Bougainvillea spp. 

Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 5.7 5.0 4.3 3.7 3.0 3.6 e 

B. glabra yellow 9.0 8.3 6.7 5.7 4.0 5.6 bc 

B. spectabilis 9.0 7.3 6.3 6.3 3.7 5.4 cd 

B. rainbow gold 10.7 8.7 7.3 6.3 3.7 6.1 ab 

B. peruviana 10.3 9.0 8.0 6.3 4.0 6.3 a 

B.  glabra red 9.3 7.0 6.3 4.3 3.3 5.1 d 

Mean 10.8 a 9.1 b 7.8 c 6.5 d 4.3 e 6.4 

Mean values shared same letters are not significantly different with each others at probability level of less 
than 5 percent. 
 
 Both different water stress levels and 
Bougainvillea species showed a significant 
response towards shoot number. A non-significant 
interaction was observed between bougainvillea 
species and salinity levels and showed negative 
effect on shoot number. 
With respect to water stress conditions, higher 
shoot numbers such as 10.8 was exhibited by most 
of the species in response to the water treatment 
with 250 ml followed by 200 ml of water that yields 
9.1 of shoot numbers. Whereas least shoot 
numbers i.e., 4.3 was observed when treated with 
50 ml of water. Mentioned spp. showed higher 
shoot numbers i.e., 6.3 that were recorded by B. 
peruviana species and followed by B. rainbow gold 
i.e., 6.1 whereas least shoot number such as 3.6 
were showed by B. Dawn.  
The effect of water stress was usually higher on 
shoot growth as compared to root growth, but 
drought stress has positive influence on other 
characters of roots such as number of roots. These 
abilities gives strength to the ornamental plants in 
the garden, specifically in drought effected areas, 
environment to promote faster rate of 
establishment (Franco et al. 2006). Limited water 
availability effectively decreased the vegetative 
growth or production of biomass in tomato plant 
due to the decreased number and size of leaves 
(Pervez et al. 2009). Many research studies 
focused on the changing of different growth 
attributed of aerial shoot parts (Navarro et al. 2009; 
Alvarez et al. 2011). Water and salinity stress 

reduced the apical growth of plant and results in the 
reduction of overall plant size (Munns, 2002). 
Available water quantity and strength of plant roots 
to uptake and transport this water from soil area to 
the shoot portion also helps in the successfully 
execution from stress condition (Navarro et al. 
2007). Despite it, little work has been done on salt 
and water stress and roots. Salt and water stress 
are seemed to be vulnerable and directly affect the 
roots and exposed to death. Root growth of plants 
are not severely effected by drought stress as 
compared to shoot growth (Munns, 2002). 
Moreover, declined ratio of root to shoot in stress 
plants is attributed to prevailed drought condition 
(Blanco et al. 2004).  

Plant canopy (cm) 
Statistical data related to the plant canopy of 
bougainvillea Spp. showed that plant canopy was 
negatively influenced by various levels of water 
stress and given here in table 2. Both different 
water stress levels and Bougainvillea species 
showed a significant response towards plant 
canopy. A non-significant interaction was observed 
between bougainvillea species and salinity levels 
and showed negative effect on plant canopy. 

With respect to water stress conditions, higher 
plant canopy such as 24.8 cm was exhibited by 
most of the species in response to the water 
treatment with 250 ml followed by 200 ml of water 
that yields 22.3 cm of plant canopy. Whereas least 
plant canopy i.e., 14.9 cm was observed when 
treated with 50 ml of water. With respect to the 
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response of different Bougainvillea spp., higher 
canopy rate of plant i.e., 14.6 cm was noted by 
Dawn that was statistically alike to B. spectabilis 
i.e., 14.4, whereas least rate of plant canopy i.e., 
13.2 cm was also observed in B. glabra yellow 
specie. 

Many studies from past had also focused on 
the changes induced by drought stress on different 
growth characters of aerial plant parts and overall 
cover of canopy (Navarro et al, 2009; Alvarez et al. 
2011). Most usual response of different species 
against water and salinity stress also remarkably 
reduced the whole canopy of plants (Munns, 2002).  

Plant height (cm) 
Statistical data related to the plant height of 

bougainvillea Spp. showed that plant height was 
negatively influenced by various levels of water 
stress and given here in table 3. Both different 
water stress levels and Bougainvillea species 
showed a significant response towards plant 
height. A non-significant interaction was observed 
between bougainvillea species and salinity levels 
and showed negative effect on plant height. 

With respect to water stress conditions, higher 
plant height such as 48.9 cm was exhibited by most 
of the species in response to the water treatment 

with 250 ml followed by 200 ml of water that yields 
45.5 cm of plant height. Whereas least plant height 
i.e., 38.3 cm was observed when treated with 50 ml 
of water. Whereas on the other hand, B. spectabilis 
specie showed higher plant height i.e., 31.4cm 
followed by another specie i.e., B. glabra yellow 
(30.1cm). Furthermore, least plant height i.e., 29.4 
cm was showed by specie B. peruviana.  

Our results are also corroborated with the 
findings of Pervez et al. (2009) who also noted a 
severe loss in height of plant of tomato with linear 
increasing rate of drought stress. The non-
significant interaction of water stress with plant 
height could be associated with the genetic 
capabilities of plants which makes them more 
prone to drought stress conditions as compared to 
other species (Koesriharti et al. 2012). Moreover, 
deceases vigor of cell and its growth leads to low 
area of leaf and stomatal conductance under 
drought stress condition and results in reduced 
plant height and diameter of flowers (Safarnejad, 
2003; Hassani and Omidbeigi, 2002). Declined rate 
of plant height with increasing rate of drought 
stress has also been reported in many other crops 
such as basil (Hassani and Omidbeigi, 2002), 
chamomile (Arazmjo et al. 2009) and isabgol 
(Najafi and Rezvanimoghadam, 2002).

Table 2. Effect of water levels on plant canopy of different Bougainvillea species. 

Bougainvillea spp. 
Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 20.7 18.3 17.3 16.3 14.7 14.6 a 

B. glabra yellow 20.7 17.7 15.7 14.3 10.7 13.2 d 

B. spectabilis 22.0 19.0 17.3 15.3 13.0 14.4 ab 

B. rainbow gold 20.7 18.7 16.7 14.0 11.3 13.6 cd 

B. peruviana 20.7 19.0 17.0 14.0 11.3 13.7 cd 

B.  glabra red 19.3 18.7 17.0 15.3 13.3 13.9 bc 

Mean 24.8 a 22.3 b 20.2 c 17.9 d 14.9 e 16.7 

Mean values shared same letters are not significantly different with each others at probability level of less than 5 percent. 

Table 3: Response of different water levels on plant height of various bougainvillea species. 

Bougainvillea spp. 
Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 39.0 37.7 35.7 34.3 32.3 29.8 cd 

B. glabra yellow 39.0 38.0 36.7 34.0 32.7 30.1 bc 

B. spectabilis 44.0 38.7 37.3 35.7 32.7 31.4 a 

B. rainbow gold 42.3 37.0 35.0 32.7 30.3 29.6 d 

B. peruviana 39.3 37.3 35.0 33.0 31.7 29.4 d 

B.  glabra red 40.7 38.7 36.3 34.3 32.0 30.3 b 

Mean 48.9 a 45.5 b 43.2 c 40.8 d 38.3 e 36.1 

Mean values shared same letters are not significantly different with each others at probability level of less than 5 percent. 
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Leaf Numbers  
Statistical data related to the leaf numbers of 
bougainvillea Spp. showed that leaf numbers was 
negatively influenced by various levels of water 
stress and given here in table 4. Both different 
water stress levels and Bougainvillea species 
showed a significant response towards leaf 
numbers. A non-significant interaction was 
observed between bougainvillea species and 
salinity levels and showed negative effect on leaf 
numbers. 
With respect to water stress conditions, higher leaf 
number such as 47.8 was exhibited by most of the 
species in response to the water treatment with 250 
ml followed by 200 ml of water that yields 40.6 leaf 
numbers. Whereas least leaf numbers i.e., 22.7 
was observed when treated with 50 ml of water. 
Concerning different Bougainvillea spp. higher rate 
of leaf numbers i.e., 28.1 were exhibited by B. 
glabra yellow specie followed by B. rainbow gold 
specie where 27.8 number of leaves were recorded 
whereas least rate of leaf numbers i.e., 29.4 were 
exhibited by peruviana specie.  
Decrease in number of leaves increases with 
drought tolerance, it might be due to due to 
inhibition of growth associated with size of cells and 
division results in the reduction of leaf production 
and increased in senescence process and 
abscission rate (Karamanos,1980). Reduction in 
leaf area subjected to water stress condition could 

be the one of mechanism relate to the water stress 
tolerance and subsequently its conservation in 
different parts (Maqsood and Ali, 2007; Jones, 
1992). Higher rate of water stress also causes the 
reduction of biomass accumulation or vegetative 
growth in tomato fruit plant which was associated 
with the declined rate of number of leaves and its 
size (Pervez et al. 2009). Rezaei et al. (2012) also 
showed that leaf numbers, area and total fresh 
weight of leaves were reduced with the parallel 
increased rate of water stress condition. Increased 
level of water stress causes reduction in size of 
leaves (Juan et al. 2005; Kahlaoui et al. 2011a) that 
could be associated with the less expansion of cell 
size (Hearn, 1994) and ultimately caused limited 
growth (Hsiao et al. 1976). Hence this study 
indicate that leaf area is largely declined with 
increased intensity of water stress condition (Gerik 
et al. 1996). 
Length of leaves (cm) 
Statistical data related to the leaf length of 
bougainvillea Spp. showed that leaf length was 
negatively influenced by various levels of water 
stress and given here in table 5. Both different 
water stress levels and Bougainvillea species 
showed a significant response towards leaf length. 
A non-significant interaction was observed 
between bougainvillea species and salinity levels 
and showed negative effect on leaf length. 
 

Table 4. Effect of water levels on number of leaves of different bougainvillea species. 

Bougainvillea spp. 
Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 40.0 28.3 21.7 16.7 11.0 19.6 b 

B. glabra yellow 45.0 39.3 36.3 28.0 20.0 28.1 a 

B. spectabilis 46.7 38.0 32.0 26.3 20.7 27.3 a 

B. rainbow gold 41.7 37.3 33.7 29.3 24.7 27.8 a 

B. peruviana 27.3 23.0 19.0 15.0 10.7 15.8 c 

B.  glabra red 38.3 37.0 33.3 29.3 26.7 27.4 a 

Mean 47.8 a 40.6 b 35.2 c 28.9 d 22.7 e 29.2 

Mean values shared same letters are not significantly different with each others at probability level of less than 5 percent. 
Table 5. Effect of water levels on leaf length of bougainvillea species. 

Mean values shared same letters are not significantly different with each others at probability level of less than 5 percent. 

Bougainvillea spp. 

Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 4.7 4.7 4.0 4.0 4.0 3.6 c 

B. glabra yellow 5.3 5.3 5.3 4.7 4.0 4.1 ab 

B. spectabilis 5.7 5.3 5.7 5.0 5.0 4.4 a 

B. rainbow gold 5.0 5.0 4.3 5.0 4.7 4.0 abc 

B. peruviana 5.0 4.7 4.3 4.3 4.3 3.8 bc 

B.  glabra red 5.7 4.3 4.7 5.0 4.0 3.9 bc 

Mean 6.3 a 5.9 ab 5.7 abc 5.6 bc 5.2 c 4.8 
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With respect to water stress conditions, higher 
leave length such as 6.3 cm was exhibited by most 
of the species in response to the water treatment 
with 250 ml followed by 200 ml of water that yields 
5.9 cm of leave length. Whereas least leave length 
i.e., 5.2 cm was observed when treated with 50 ml 
of water. Besides water stress levels, higher rate of 
leaf length was observed in B. spectabilis species 
i.e., 4.4 cm which was followed by B. rainbow gold 
specie i.e., 4.0 cm. Least rate of leaf length i.e., 3.6 
cm was showed by Dawan specie. Reduced rate of 
leaf area that was observed in different species 
could be associated with the different levels of 
water stress that results in the stunted or abnormal 
growth of cells (Warrang and Hall, 1984) which 
save the excessive water loss from leaf surfaces 
due to the less rate of evapotranspiration rate and 
transportation within the stomatal density 
(Parsons, 1982) This is known as most common 
pathway that plants adopt to cope with harsh 
conditions of water stress. Our results are also 
confirmed by the findings of Kozlowski (1982) who 
showed that reduced negative growth habit of trees 
was linked with the prevailed drought stress 
conditions.  
Most commonly known negative effect of water 
stress on different crops is the reduced growth 
characters of leaf such as length and width of 
leaves. Decreased leaf area in ornamental flowers 
such as marigold, geranium and zinnia has also 
been reported due to the different rate of water 
treatment (Latimer, 1991: Cox, 1991). 

Leaf width (cm) 
Statistical data related to the leaf width of 
bougainvillea Spp. showed that leaf width was 
negatively influenced by various levels of water 
stress and given here in table 6. Both different 
water stress levels and Bougainvillea species 
showed a significant response towards leaf width. 
A non-significant interaction was observed 
between bougainvillea species and salinity levels 
and showed negative effect on leaf width. 
Concerning water stress, higher leaf width i.e., 4.7 
cm were observed when treated with 250 ml and 
200 ml of water where as least leaf width i.e., 3.7 
cm was revealed when treated with 50 ml of water. 
Regarding different varieties higher rate of leaf 
width i.e., 3.4 cm was showed by spectabilis variety 
which was followed by variety rainbow gold i.e., 3.1 
cm where as least rate of leaf width i.e., 2.8 cm was 
exhibited by varieties Dawn and peruviana.  
Intensity of water stress damages the growth or 
biomass accumulation in tomato plant through the 
reduction of leaf number, leaf size and leaf width 

(Pervez et al. 2009). Rezaei et al. (2012) also 
observed that number of leaf and width of leaf is 
reduced linearly with increasing rate of water 
stress. Drought stress may result in reduced leaf 
width and size which could be due to the inhibited 
cell expension which ultimately reduced the growth 
of plants (Juan et al. 2005; Kahlaoui et al. 2011a; 
Hearn, 1994; Hsiao et al. 1976). Hence width of 
leaf is declined under water scares condition (Gerik 
et al. 1996). Most commonly known negative effect 
of water stress on different crops is the reduced 
growth characters of leaf such as length and width 
of leaves. Decreased leaf area in ornamental 
flowers such as marigold, geranium and zinnia has 
also been reported due to the different rate of water 
treatment (Latimer, 1991: Cox, 1991). 

Flower Numbers  
Statistical data related to the flower number of 
bougainvillea Spp. showed that flower number was 
negatively influenced by various levels of water 
stress and given here in table 7. Both different 
water stress levels and Bougainvillea species 
showed a significant response towards flower 
number. A non-significant interaction was 
observed between bougainvillea species and 
salinity levels and showed negative effect on flower 
number. 
With respect to water stress conditions, higher 
flower numbers such as 11.6 was exhibited by 
most of the species in response to the water 
treatment with 50 ml followed by 100 ml of water 
that yields 9.1 flowers. Whereas least number of 
flowers i.e., 4.6 were observed in response to the 
application of 250 ml water. Concerning about 
varieties maximum number of flowers i.e., 6.7 were 
recorded by species B. glibra red and B. spectabilis 
followed by specie B. rainbow gold i.e., 6.4 where 
as minimum (0) was observed by B. pervenia. 
Bougainvillea and loqat efficiently promoted 
flowering rate (Tang et al. 2006). Abraham et al. 
(2008) showed that water stress reduced the flower 
number in Sesamum indicum. Number of flowers 
are improved in ornamental plant Catharanthus 
under different levels of water treatments (Jaleel et 
al. 2006). 

Length of Branches (cm) 
Statistical data related to the length of branches of 
bougainvillea Spp. showed that branches length 
was negatively influenced by various levels of 
water stress and given here in table 8. Both 
different water stress levels and Bougainvillea 
species showed a significant response towards 
length of branches. A non-significant interaction 
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was observed between bougainvillea species and 
salinity levels and showed negative effect on length 

of branches. 
 

 
 
Table 6: Effect of water levels on leaf width of different bougainvillea species. 

Bougainvillea spp. 
Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 4.0 3.7 3.3 3.0 2.7 2.8 b 

B. glabra yellow 3.0 4.3 4.0 3.7 3.0 3.0 ab 

B. spectabilis 4.3 4.3 3.8 4.0 3.7 3.4 a 

B. rainbow gold 4.0 4.2 3.3 3.7 3.3 3.1 ab 

B. peruviana 4.0 3.7 3.3 3.3 2.7 2.8 b 

B.  glabra red 4.3 3.3 3.7 4.0 3.0 3.1 ab 

Mean 4.7 a 4.7 a 4.3 a 4.3 a 3.7 b 3.6 
Mean values shared same letters are not significantly different with each others at probability level of less than 5 percent. 

 
Table 7: Effect of water levels on flower numbers of bougainvillea species 

Mean values shared same letters are not significantly different with each others at probability level of less 
than 5 percent. 

 
Table 8: Effect of water levels on length of branches of different bougainvillea species. 

Mean values shared same letters are not significantly different with each others at probability level of less than 5 percent. 

 
 
 
 
 
 
 
 
 

Bougainvillea spp. 

Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 4.3 5.0 6.3 8.7 12.3 6.1 b 

B. glabra yellow 4.7 5.3 7.3 8.7 11.3 6.2 b 

B. spectabilis 4.7 6.3 7.7 9.7 11.7 6.7 a 

B. rainbow gold 4.7 5.7 8.0 9.3 11.0 6.4 ab 

B. peruviana 0.0 0.0 0.0 0.0 0.0 0.0 c 

B.  glabra red 4.7 6.7 7.7 9.3 11.7 6.7 a 

Mean 4.6 e 5.8 d 7.4 c 9.1 b 11.6 a 6.4 

Bougainvillea spp. 
Water levels 

250ml 200ml 150ml 100ml 50ml Mean 

B. Dawn 8.7 7.7 5.7 5.0 4.0 5.2 b 

B. glabra yellow 9.0 7.3 6.3 5.3 4.3 5.4 b 

B. spectabilis 10.3 8.7 7.3 5.7 4.0 6.0 a 

B. rainbow gold 9.7 8.0 6.0 4.7 3.7 5.3 b 

B. peruviana 10.3 8.3 6.7 5.7 4.3 5.9 a 

B.  glabra red 10.3 8.7 6.3 5.3 3.7 5.7 a 

Mean 11.7 a 9.7 b 7.7 c 6.3 d 4.8 e 6.7 
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With respect to water stress conditions, higher 
branch length such as 11.7 cm was exhibited by 
most of the species in response to the water 
treatment with 250 ml followed by 200 and 150 ml 
of water that yields 9.7cm and 7.7cm of branch 
length respectively. Where as least length of 
branches i.e., 4.8 was observed when treated with 
50 ml of water. In the context of varieties, higher 
branch length i.e., 6.0 cm was showed by which 
were followed by pervenia variety i.e., 5.9 cm. 
Where as least rate (5.2cm) was observed in 
dawan variety. Common response of plants 
towards salinity stress is the reduced length of 
branches (Azeem and Ahmad, 2011; Islam et al. 
2011; Ahmad, 2013). Abraham et al. (2008) also 
reported that reduction in the number of branches 
has been observed under drought stress condition 
in plants. These results are in line with the findings 
of El-Leithy and El-Khateeb, (1992) on Theivitia 
nereifolia. They observed that drought stress 
results in a significant reduction branches 
formation per plants. 
 
 
CONCLUSION 
Results of present study clearly predicted that 
drought stress has a direct correlation with 
vegetative growth of plants such as shoot numbers, 
height of plant, leaf width and length, leave 
numbers, and length of branch. Whereas 
reproductive parameters of plants such as flower 
numbers were improved with reduced level of 
drought stress. Similarly, Bougainvillea spp. Dawn 
and Glabra red were screened as drought tolerant 
species and can be further used under water 
scares areas to achieve their higher productivity. 
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