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Abstract: A field experiment was conducted to assess the effect of gibberellic acid (GA; 100 and 150 ppm),
phloemic stress and combination of 100 ppm GA; and phloemic stress on Bougainvillea bract blooming,
expansion, development and bract longevity under exposed sun light condition (400-700 uEm*sec™). A
seven-years-old Bougainvillea plant was used in this experiment. Fifteen selected brunches were applied with
100, 150 ppm GA., phloemic stress, 100 ppm GA;+phloemic stress and water control. The results showed that
100 ppm GA,; increased the length of petiole, bract size and shape by 40%. Bract blooming was three days earlier
in 100 ppm GA, treated branches and 4 days earlier in 150 ppm GA; than in water control. Bract longevity
(required days from bract imtiation to abscission) was higher for 4 in phloemic stress and for 2 days in 100 ppm
GAtphloemic stress than in water control. However, bract longevity was shorter in 100 and 150 ppm G A, than
in control. The number of bracts per branch was higher in 100 ppm GA,+phloemic stress and phloemic stress
than the other treatments. Petal size and petiole length were the highest in 100 ppm GA,. But there were no
significant changes m bract size and color development in phloemic stress. Maximum chlorophyll fluorescence
was observed m phloemic stress. Quantum yield (F/F,) was higher in phloemic stress and 100 ppm
GA Aphloemic stress than in other treatments. The findings suggested that gibberellic acid played an important
role to induce rapid bract blooming and expansion whereas, phloemic stress increased total number of bract and

longevity.
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INTRODUCTION

Bougainvillea is a genus of flowering plants belongs
to the family Nyctaginaceae native to South America. It
mcludes about 18 species and generally used m the arid
landscapes for beatification, horticulture, pharmaceutical
industries, agriculture and environmental industries on
account of the large flexibility i different agro climatic
regions of the world (Suxia et al., 2009). Tt is grown in
tropical and subtropical zones and 13 enriched with
different varieties having attractive shades. Considering
1ts vast scope, ntroduction and alteration of flower color
and size are highly desired and sought after traits. In
addition, the Bougainvilleas bloom cycle 13 usually
5-6 weeks long and then all bracts fall off (Grodon, 2002).
Commercial value can be improved by prolonging the
bract longevity and increasing its quality. The shelf life
and commercial value of many potted plants are seriously
affected for early dropping. Longevity or vase life was an
umportant factor in consumer preference and considerable
research has been camried out on the causes of
senescence (Hossain ef al., 2007).

Plant hormones play an integral role in controlling the
growth, development, metabolism and morphogenesis of
higher plants (Claus, 2008). However, gibberellins are well
known plant growth hormones and they differ
considerably in their modes of action (Hye and William,
2009). GA, is well known for the bolting effect in plants.
Ogale et al. (2000) observed in Portulaca grandifiora that
GA, mnduced changes in flower color and size. In
strawberry, GA; application increased petiole length and
leaf area. It reduced the time needed for inflorescence
emergence, accelerated flowering and increased the
number of flower buds and open flowers i most growing
conditions (Khan and Chaudhry, 2006). During flower
development, GA, was found to be essential for the
development of stamens and petals (Claus, 2008). High
concentration of GAs showed positive role on flower
formation in olive during induction and initiation period
(Salih et al, 2004). In addition, the application of
gibberellic acid (GA,) has the potential to control growth
and flowering and induce earliness. Hossain et al. (2006)
reported that flower bud percent was a higher when
phloemic stress was applied since flowering was closely
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related to starch content and @mrdling increased leaf sugar
content. Carbohydrates may affect vase life of some plant
You-blin er &l (2008 reported that the
inwolvement of carbohydrate was effective in regulating
flowrer development when plants were investigated from

specles,

floral bud stage to flower senescence. Zucroze extends
vase life of rose and gladiolus (Kuiper er &l, 19950 It
shows that sugar like sucrose have a negative effect on
the process of cell death leading to petal zenescence.
Jose {19977 found less wegetative growth in all the
treattments of nn@ng (girdling) in a nnging expaiment.
Hoszsain er al. (2004) reported that starch content in the
bark was higher in samples when it was taken from the
upper part of the phloemic stress. Howewer, research on
efforts to increaze bract uze in Bougminvillea, to lengthen
the bloom cycle and also to develop bract qualities such
az color, longevity, expanzions and delaved zenescence
by applving GA, and phloenuc stress are scanty and
hence thiz study.

MATERIALS AND METHOD S

Experimental site: The experimental site was inthe Plant
Physiology Garden, Faculty of Soence, University of
Malawa, Kuala Lumpur, Malaysia

Plani material: The experiment was started on 10th June
2008 and ended on 30th Augnst 2008, A zeven-vears-old
Bougaivvillea plant having selacted branches way uzed
in thiz expenment. Theplant was 1.5 m hei ght and canopy
length waz 2.5 m. The tree consisted of 4 man branches
and 20 sub-branches. Treatments were szet following
completely randomized design. Each treatmient was
repeated by 3 replicatl ons,

Treatment setting

Phloemir stress: The expenment on phloemic stress was
carrled out using a wnall sharp lmife removing 2 cm length
and 030 cm wadth of bark (Fig 1)

The phloamc stress was applied 15 amn away fom
shoot apexin a branch. Theare were three replications for
phloennc stress. Another three phloemic strexs branches
weare selected for nuxed treatment wath 100 ppm GA,. The
s1% zelected branches were spraved by 100 and 150 ppm
GA, 5o, there were total 15 branches used in the
experiment including three control branches.

Data collection: Bract development was divnded into five
stages (lxt = 1nithal bud stage, Znd = bud opemng stage,
3rd = 1mtal blooming, dth = parbial  bract
bloommg, 5th = full blooming) to measure and compare

bract

213

Fig. l: Application of phloemic stress

bract longevity and weight among the treatments
(Table 1. Dunng the experiment, new shoot growth, bract
longewity, bract wel ght, bract length (diameter) and total
bract mumber were meazured weekly.

Chlorophyll fluorescence yield measurement:
Chl orophyll fluorescence wield was measured by Plant
Effmency Analyser (Hansatech Instnoment Litd,
Englandy. A leaf clip was attached to one of the leawes
and keept in dark for 30-45 mun to mamtain darde adaptation.
Then, the leaf clip wasz orlented with the shutter plate.
When light shine -<waz applied on the leaf, the
fluorescence signal was counted for 3 sec and ohzarved
the fluorescence weld or photosyathetic seld. It was
represented by F_, F, F, and FF_ (fluorescence wield).
Where, F_ix lower fluorescence, F 1 higher fluorescence,
F.1z relabive wariable flucrescence (F_-F.), temperature 1z
2P, time range i 10 puee-3 sec

Chlorophyll c ontent measurement: Chlorophyll content
(SPAD walue) waxz measured by chlorophyll meter
=PAD-5302, Minolta Cao., Japan. The leaf was inserted into
the meter and the 2PAD value measured 5 times from
different spotz of a ungleleaf

Bract weight and lenzth measurement: The weight of
bract was talen uung the weighing machine Mettle
PIZ000 and bract length was measured by ¥V arnier scale

Statistical analysis: Statizstical analyziz waz performed
using STATGRAPHIC plus 3.0, The one way ANOVA
was applied to evaluate the zigmificant difference of
theparameters studied 1n the different treabments. L3D
(p =005 was caleulated uang the error mean squares of
the analysis of variance.

RESULTS AND DISCUSSION

Total number of bracts was found to be 18,66 in water
contral, while 1t was 23.33 and 17.33, rewpectably 1n 100
and 1530 ppm GA,(Fig. 2). In the caxe of phloemic stress,
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the number of bracts per branch was 24.66. Most
significant difference was expressed when the branch was
treated with 100 ppm GA,+phloemic stress. In this
treatment total bract number was 28.66, which was higher
than the other treatments.

Results of Fig. 2 and 8 show that 100 ppm GA,
prolonged bract (petal) length sigmficantly at all stages.
At the full blooming stage (5th), the results showed that
the length of peticle, bract size increased by 40%
increased in 100 ppm GA,;. In the case of 150 ppm GA,, the
petal length was prolonged at all stages, but bract length
did not show such a change as m 100 ppm GA, In
addition, a similar increasing trend was found in the
combined treatment of 100 ppm GA, and phloemic stress.
For the phloemic stress treatment, bract (petal) length was
almost similar to control from 1st stage to Sth stage.

Bract longevity was found to be four days higher in
phloemic stress and two days higher in 100 ppm
GA,+phloemic stress than in water control (Table 1)
whereas bract longevity was two days lesser m GA,
100 ppm and four days lesser in 150 ppm GA; than in
water control. However, the required days were 16.8 and
15.3 to reach in full bleoming stage in 100 and 150 ppm
GA, and 1t was almost 3 and 4 days earlier than in control.

Tablel: Effect of different treatments on bract longevity and full blooming
days of Bougainvillea spectabilis bract

Treatments Full blooming days Bract longevity * days
Control 19.33+0.33bc 23.66+1.45bc

GA; 100 ppm 16.83+0.44d 21.66+1.45bc

GA; 150 ppm 15.33+0.33de 19.66+0.88de
Phloemic stress 22.00+0.57a 27.33+1.20a

GA; (100 ppm) 21.16+1.16ab 25.33+1.16ab

+phlo. Stress
Different letter(s) beside columns indicate significant difference among
treatments according to L.SDy 5 test. *Required days from bract initiation to
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Fig. 2: Bract Ne. branch™ of Bougainvillea plant as
affected in different treatments. Values followed by
different letter(s)
significant differences according to LSD, ;; test

indicate the existence of
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Fig. 3: Effect of different treatments on petal size (mm)
at different bract stages
spectabilis. Where, 1stis mmtial bud stage, 2nd
18 bud opening stage, 3rd 13 wmtial bract blooming,
4th 18 partial bract blooming and 5th is full
blooming. Values followed by a different letter(s)
indicate the existence of sigmficant differences to
LSDy s test at 5th stage according

of Bougainvillea
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Fig. 4. Bract weight as affected by different treatments
on Bougainvillea spectabilis. Values followed
by a different letter(s) indicate the existence
of significant differences according to LSD,.
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Fig. 6 Measurement of chlorophyll florescence intensity
(vield) of leaves on different experiments
branches. F, 15 lower fluorescence, F, 1s lgher
fluorescence, F, 1s relative variable fluorescence.
Bars with different letter(s) indicate significant
difference according to L.SD, . test
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Fig. 7: Measurement of quantum yield (F/F) of leaves
on different experiments branches. F, is relative
variable florescence (F, - F,). Bars represent SE
(n=3). Time range: 2 mecs-3 sec. Values followed
by different letter(s) indicate the existence of
significant differences according to LSD, ;; test

In case of 100 ppm GA+phloemic stress, the required
days were found to be 21.1 days. However, in phloemic
stress 1t was 22.0 days. Tlus was almost 3 days higher
than m the control.

Bract weight of all stages showed an increase by
applying 100 and 150 ppm GA,, when compared to the
same stage of the control (Fig. 4). The mncreasing effect of
bract weight in 100 ppm GA, was sigmficantly better than
in 150 ppm GA, at the same stage. In the case of phloemic
stress, bract weight increased with increase of bract
stage, except for stage 1 and 2. Combined treatment of
100 ppm GA; and phloemic stress over branch mcreased
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Fig. 8 The SPAD value, chlorophyll (carotinoid) content,
of leaves in different treatment branches. Different
letter(s) above bars indicate sigmficant difference
among treated leaves according to LSD ; test

the bract weight at all stages. Tt was found that bark
imtiation was correlated with shoot elongation. This
correlation was variable with shoot bract initiation and
elongation (Fig. 5). Bract initiation was related to shoot
elongation because of its polynomial correlation.

Chlorophyll florescence mntensity (yield) was found
to be higher mn phloemic stress and 100 ppm GA,; than in
control (Fig. 6). In the case of 150 and 100 ppm
GA tphloemic stress, chlorophyll florescence intensity
(yield) was lower than in control (Fig. 6).

Quantum yield (F/F ) of leaves was significantly
lower in the case of control (Fig. 7). Highest quantum
yield (F/F,) was observed for phlolemic stress treatments.
In the other treatments the values was fluctuated in
between the values of these two treatments,

High SPAD value of leaves was found when the
branch was treated by water control. The SPAD value,
however was extremely affected by 100 ppm GA,
compared with other treatments (Fig. 8).

In this study it was found that bract number per
branch and bract size and weight were greater in the
case of the treatments 100 ppm GA;+phloemic stress,
100 ppm GA,, 150 ppm GA, and phloemic stress when
compared with the control (Fig. 9). Tt might be due to the
elongation of bracts induced by the treatments. GA,
showed positive effect on bract size and expansion but
not on bract longevity and this was in accordance with
the general concept that larger bracts last lesser. The
bract expansion might be due to carbohydrate availability
from the leaves to bract. However, bract longevity was
prolonged by phloemic stress, whereas both the
treatments 100 and 150 ppm GA,reduced bract longevity.
When combined application of 100 ppm GAs+phloemic
stress was applied higher bract longevity was
observed as compared with mdividual doses of 100 and
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Fig %: The petal architecture and size at di fferent stages Whereas, 1 13 1st, 213 2nd, 315 3rd, 4 i54th and 5 iz 5th stage.
& Water control, B: Phloemic stress, C GAL(100 ppm), D: Ga4,(150 ppm), B GA(100 ppm + phloemic stress)

150 ppm G4, 100 ppm Ga , treated branch of
Baugaimallea exhibited three days eatlier full blooming
{5th) than in the control (Tahle 1) Thiz might be due to
the well known effect of G4, on early cell development.
GA; boling effects are well known and have been
commercially  exploited for agn- and  horti-cultural
productivity (Ogale et al., 2000). Hay and William (2008)
reported that in callas, G4, had been uszed to increase
total shoot number, flowenng shoot number and also to
increase flower longevity, Broklking and Chon (2002)
observed that plants treated with G4, induced earlier
flowenng and lower leaf number. This iz similar to present
results. In present results it was observed that bract
initiation was also related to the shoot elongation because
of polynomial correlation between bract inifiabion and
shoot elongation.

In the present study, the number of bract per branch
was higherin 100 ppm GA,+phloemic stress and phloemic
stress than in control branch (Fig 2). Thizs might be dueto
the deposit of sufficent carbohydrates and nutnients at
the upper side of the phloemic stress region (M ataa et al,
1998, Arakawa et af {1997 also found that flowenng of
Fuji apple was significantly increased by phloemic stress

{girdling). It 15 supposed that Bougainvillea, like
Christmas cactus (Han and Bovle, 1996), might be
sensitive  to  ethylene 1n  early budding stage

Consequently, inhibition of abscission by phloemic stress
was blocked by the avalability of excessive
carbohydrates and nutnents in a branch from bud
initiation to full blooming stage. For that, bract number
was higherin phloemic stress and 100 ppim Ga+phloemic
stress branches than the other treatments. Earlier studies
showed that the ethylene production rate of bracts was

2l

significantly higher in the eatly stages than in the later
stages oftheir development (Chang and Chern, 2000% That
1z why a lot of huds were ahscised at hudding stage and
also hefore full blooming stage. This implies that phloemic
stress might be more effective in blocking sugar
movement and the ethylene production rate may he
decreased by these concentrated carbohydrates and
nutrients. Whereas, in the control branch the total sugar
quantity produced by leaves was umform at all locations
and it moved towards roots through phloem.

CONCLUSION

It 15 concduded that 100 ppm G4, may he more
effective than 150 ppm G4, to enlarge bract size. Fhloemic
stress may be applied for bract longewity and large
number of hract formation i the branches of
Bougnimillea spectabilis. The trestment of 100 ppm
Ga,tphloemic stress was found to be more effective to
prolong bract longevity and size than phloemic stress.
Finally, itis summarized that these methods are useful to
induce bract enlargement and longevity in Bougaimillea
which 1z an important plant in landscaping  and
environmental beautification These methods can he used
by gardeners and growers for commerdal and asthetic
walues.

ACKNOWLEDGMENTS

The authors are grateful to the University of Malaya
[FPP fund and Fellowship Scheme, Malaysa for providing
funds for this research and also to Prof Dr Amru
MNastulhag Boyce for valuahle suggestion to carryout the
EEpEA et



Asian J. Plant Sci., 8 (3): 212-217, 2009

REFERENCES

Arakawa, O., K. Kammo, A. Kanetsuka and Y. Shiozaki,
1997. Effect of girdling and bark inversion on tree
growth and fruit quality of apple. Acta Hortic.,
451: 579-586.

Brokking, I.R. and D. Chon, 2002. Gibberellin induced
flowering in small tubers of Zantedeschia black
magic. Scientia Hortic., 95: 63-73.

Chang, Y.S. and H.C. Chen, 2000. Veriability between
silver thiosulfate and 1-naphthaleneacetic acid
applications in prolongmng bract longevity of potted
bougainvillea. Scientia Hortic., 87: 217-224.

Claus, 3., 2008. Understanding gibberellic acid signaling-
are we there yet. Curr. Opm. Plant Biol,, 11: 9-15.

Grodon, B, 2002, Bougamvillea tutorial.
http: /Awww.askmar.com/Bougainvilleas/Bougainvill
eas.pdf.

Han, S.5. and T.H. Boyle, 1996. Ethylene affects
postproduction quality of Easter Cactus. J. Am. Soc.
Hortic. Sei., 121: 1174-1178.

Hossain, ABM.S., F. Mizutani and J M. Onguso, 2004,
Effect of partial complete ringing
carbohydrate, mineral content and distribution
pattern of 13C photoassimilates of peach trees. Asian
I. Plant Sci., 3: 498-507.

Hossam, ABM.S., F. DMizutam, IM. Onguso,
AR. El-Shereif and Y. Hisaslu, 2006. Dwarfing peach
trees by bark ringing. Scientia Hortic., 110: 38-43.

Hossain, A BM.S., N.B. Amru and O. Normaniza, 2007.
Postharvest quality, vase life and photosynthetic
vield (Chlorophyll Fluorescence) of bougamvillea
flower by applying ethanol. Aust. J. Basic Applied
Sci., 1: 733-740.

Hye, JK. and BM. William, 2008 GA4+7 and
benzylademne application on postproduction quality
of Seadow pot tulip flowers. Postharvest Biol.
Technol., 47: 416-421.

and on

217

Hye, T K. and BM. William, 2009. GA4+7 plus BA
enhances postproduction quality in pot tulips.
Postharvest Biol. Technol., 51: 272-277.

Jose, A., 1997. Effect of girdling treatments on flowering
and production of mango trees cv. Tommy Atkins.
Acta Hortic., 455: 132-134,

Khan, A.S. and N.Y. Chaudhry, 2006, GA3 improves
flower yield in some cucurbits treated with lead and
mercury. Afr. J. Biotechnol., 5: 149-153.

Kuiper, D., S. Riot, H.8. Van Reenen and N. Marissen,
1995, The effect of sucrose on the flower bud
opening of Madelon cut roses. Scientia Hortic.,
60: 325-336.

Mataa, M., S. Tominaga and I. Kozal, 1998. The effect of
time of girdling on carbohydrate contents and
fruiting m Ponkan mandarin (Citrus reticulata
Blanco). Scientia Hortic., 73: 203-211.

Ogale, V.K., P.V. Babuand 5.D. Mishra, 2000. GA-induced
stage specific changes in flower color and size of
portulaca grandiflora cv NL-CR PyP. Cuwr. Sci.,
79: 889-894.

Salih, U., 8. Sahriye, K. Mustafa, E. Nisa, A. Ozgur and
A. Mehmet, 2004, Determmation of endogenous,
sugars and mineral nutrition levels during the
induction, induction and differentiation stage and
their effects on flower formation in olive. Plant
Growth Regulator, 42: 89-95.

Suxia, X, H. Qmgyun, S. Qmgvan, C. Chun and
AY. Brady, 2009. Reproductive organography of
Bougainvillea spectabilis Willd. Scientia Hortic.,
10.1016/ .sc1enta. 2008.11.023,

You-Min, Y., SL. Chiang and L.O. Bee, 2008. Regulation
of flower development in Dendrobium crumenatum
by changes m carbohydrate contents, water status
and cell wall metabolism. Scientia Hortic., 119: 59-66.



	AJPS.pdf
	Page 1


