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ABSTRACT: A pot experiment was consummated under open field
conditions at the nursery of Hort. Res. Inst., ARC., Giza, Egypt during
2015 and 2016 seasons to study the effect of spraying with gibberellic
acid at 0, 500, 1000 and 1500 ppm concentrations (as a foliar spray 6
times with one month interval) and some fertilization treatments
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¢&°‘€\u %O% (without fertilization, NPK at 2 g/pot and phosphorein at 5 g/pot as soil
g "%@ drench) and their interactions on vegetative, flowering, root growth
;_’, . 2 and chemical composition of 3-months-old Bougainvillea glabra
’5% \ § plants grown in 20-cm-diameter plastic pots filled with a mixture of
3 &  sand, loam and peatmoss (1:1:1, v:v).
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a A The obtained results indicated that all fertilization treatments

significantly improved all vegetative, flowering and root growth traits
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4(1):73-81 (2017). vegetative growth characters, leaves content of chlorophylls a and b,
_ carotenoids and total carbohydrates, N, P and K % followed by the

Received: plants treated with phosphorein at 5 g/pot as a soil drench and GA3 at

26/12/2016 1500 ppm
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15;:/(:1320817 Hence, in order to get the best growth and high quality plants, it is

recommended to treat the plants with NPK at 2 g/pot and spraying the
foliage till run-off with 1500 ppm of GAj; solution 6 times with one
month interval.
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INTRODUCTION postulated that GA; at 400 ppm gave the
tallest plants with the heaviest fresh and dry

weights and the thickest stem, but the
greatest leaf area was recorded when the
plants were treated with GA; at 200 ppm
concentration. In addition, EI-Salami and
Makary (1997) noticed that treatment of
Cupressus sempervirens seedlings with GA3
i ; at the concentration of 200 ppm increased
gr_eenhouse._P_ropagateq mainly by cuttings plant height, number of branches and fresh
with some difficult (Bailey, 1976). and dry weights of aerial parts and roots.

Concerning the effect of gibberellic acid ~ Similarly, Abdel-Wahid (1999) concluded
on growth and composition of plants, Ahmed that GA; at the rate of 500 ppm increased
et al. (2005) on Peperomia obtusifolia plant height and branch number of Ficus

Bougainvillea glabra Choisy, paper
flower is a weakly spinose, glabrous shrub or
vine belongs to Fam. Nyctaginaceae. Bracts
purple or magenta, flowering nearly
continuously, native to Brazil. Of easy
cultivation in any soil, thriving best in full
sun and may be grown as pot plant in a cool
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benjamina. On the same line, were those
results of Saadawy et al. (2003) on Rosa
hybrida cv. Mercedes, Gomaa (2003) on
Dahlia pinnata, Eliwa (2003) on Cupressus
macrocarpa and Agina et al. (2005) on
Bougainvillea glabra, Cordyline terminailis,
Ficus microcarpa Hawaii and Jasminum
sambac.

Fertilization is still the most important
agricultural process necessary for improving
growth and quality of plants, especially
flowering and foliage pot plants, among of
them Bougainvillea glabra Choisy plants.
This was emphasized by Poole and Chase
(1987) who found that a 20 N - 9 P - 17 K
fertilizer at the rate of 10.5 g/9 litres was
generally the best treatment for growth and
flowering of Spathiphyllum cv. Mauna Loa
plants. Likewise, Poole and Conover (1992)
mentioned that height and plant grade of
Spathiphyllum cv. Petite were increased
when the rate of 24N - 3.5P - 13K fertilizer
was increased from 0.21 to 0.42 g/litre of
water, but height was increased and plant
grade did not improve when fertilizer rates
rose beyond 0.42 g/litre. On the same
cultivar (cv. Petite), Maciel et al. (2003)
postulated that leaf number, fresh and dry
weights of shoots; as well as number and
fresh and dry weights of roots were
significantly improved when 20:20:20 NPK
+ microelements fertilizer was applied as a
foliar spray. On "Jetty" Spathiphyllum,
Broschat (2006) revealed that using
osmocote + 15-9-12 NPK fertilizer gave the
greatest shoot and root dry weights, and the
highest content of chlorophylls.

Nowadays, using of biofertilizers, as
natural preparations containing one or more
of beneficial microorganisms that can release
nutrients from rocks and organic matter in
the soil to become available for plants, has
become one of the most important
requirements to protect environments from
pollution, besides getting a safe and clean
product. Some of the microorganisms can fix
atmospheric nitrogen in a free living state,
e.g. Azotobacter and Azospirillum (Darwish,
2002). Moreover, Azotobacter bacteria
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secrete some growth promoting hormones,
e.g. gibberellin, cytokinin-like substances,
auxins, as well as some vitamins such as
thiamine, riboflavin, pyridoxine, nicotinic
and pantothenic acids (Darwish, 2002).
Subba Rao (1993) indicated that Azotobacter
chroococcum bacteria synthesize antifungal
anti-biotics, which gave it an additional
advantage for the use in the field of
production. Giri et al. (2007). postulated that
mycorrhizal ~ Acacia  nilotica  plants
maintained greater root and shoot biomass
than non-mycorrhizal ones. AM-inoculated
plants had higher P, Zn, Mn and Cu
concentrations than uninoculated ones.

However, the current work aims to
detect the beneficial effect of spraying with
GA; at the rates of 0, 500, 1000, 1500 ppm
and some fertilization treatments (NPK at the
level of 0 and 2 g/pot and phosphorein at the
level of 0 and 5 g/pot as a soil drench and the
interaction between them on quality and
flowering of paper flower (Bougainvillea
glabra Choisy) plants.

MATERIALS AND METHODS

A study was consummated under open
field at the nursery of Hort. Res. Inst., Giza,
Egypt during 2015 and 2016 seasons to
study the effect of spraying with GAs at the
rates of 0, 500, 1000 and 1500 ppm and
some fertilization treatments (NPK at the
level of 0 and 2 g/l and phosphorein at the
level of 0 and 5 g/pot as a soil drench) and
their interaction to determine the most
effective treatment for healthy growth, high
quality and flowering of paper flower
(Bougainvillea glabra Choisy) plants.

Three-months-old transplants of
Bougainvillea glabra Choisy) plants (20-25
cm long with 10-15 leaves) were cultured on
March, 1% in both seasons in 20-cm-diameter
plastic pots (one transplant/pot) filled with a
mixture of washed sand, loam and peatmoss
(1:1:1, v/viv). The physical and chemical
analysis of the used sand and loam are
shown in Table (a), but properties of the
used peat are shown in Table (b).
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Table a. Some physical and chemical properties of the used sand and loam during the

two seasons.

Particle size distribution

§ @ %) Cations (meg/l) Anions (meg/l)
2 9o E.C.
3 ﬁ Coarse Fine Silt  ClI > (ds/m) i ca™ Mg™ Na* K° Hcos CI SO,
®» 9 gand sand ' ay g ’ 4
2015 8476 6.29 150 745 2187 371 7.80 1942 833 720 075 160 7.80 26.30
Sandy
2016 88.01 527 119 853 2218 399 732 1753 753 899 054 218 801 18.03
2015 10.30 46.54 18.88 24.28 33.07 336 796 18.00 895 2050 0.85 3.65 10.20 34.25
Loamy
016 10.33 48.19 18.77 22,71 3338 335 7.99 19.03 885 2155 0.84 3.02 10.29 35.68

Table b. Some physical and chemical properties of the used peatmoss in the two seasons.

Organic matter 90-95% K 177 %
Ash 5-10% Fe 421 ppm
Density (vol. dry) 85 mg/l Mn 27 ppm
pH value 35 Mg 346 ppm
Water relation capacity 60-75% Zn 41 ppm
Salinity 0.3¢g/1 Cu 8.8 ppm
N 1.09 % B 3.5 ppm
P 0.23% Mo 1.2 ppm
After one month, the transplants The layout of the experiment in the two

received the following treatments:
1- No treatment, referred to as control.

2- Gibberellic acid in the form of Berelex
tablets manufactured by ICI Co., England,
as each tablet contains 1 g of gibberellin
(92% GA3), and was sprayed on the
foliage till run-off at the concentrations of
0, 500, 1000 and 1500 ppm. Moreover,
each level of GA3; was combined with
both of the dose of biofertilizer treatment
(5 g of phosphrein/pot) and NPK at 2
g/lpot to form twelve combined
treatments.

3- Biofertilizer treatment, as the transplants
were fertilized with phosphrein (a
commercial product that contains a
special clone of bacteria which changes
the unavailable triphosphate to available
monophosphate) at the rate of 5 g/pot. All
treatments were repeated every 1 month
interval, so the plants received such
treatment 6 times throughout the course of
the study, which was terminated on 30"
of September for both seasons.
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seasons was a complete randomized design
(Mead et al., 1993) with three replicates, as
each replicate consisted of six plants.

At the end of each season (September,
30™) the following data were taken: plant
height (cm), number of branches/plant,
number of roots and number of flowers as
well as, fresh and dry weights of vegetative
parts, roots and flowers (g). However, in
fresh leaf samples taken from the middle
parts of the plants, photosynthetic pigments
(chlorophyll a, b and carotenoids, mg/g f.w.)
were determined according to Moran (1982).
However, in dry samples, the content of total
carbohydrates (Herbert et al., 1971), nitrogen
using micro-Kjeldahle method (Jackson,
1973), phosphorus colorimetrically as
recommended by Cottenie et al. (1982) and
potassium using flame-photometer (Jackson,
1973), all of them as mg/g d.w. were
measured.

Data were then tabulated and statistically
analyzed according to SAS Institute (1994)
using Duncan's Multiple Range Test
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(Duncan, 1955) to compare among means of
the different treatments.

RESULTS AND DISCUSSION

Effect of spraying with GA3; and some
fertilization treatments on:

Vegetative and root growth parameters:

As shown in Tables (1 and 2), it is clear
that all vegetative and root growth
parameters were improved with all
treatments applied in this study, expressed as
plant height (cm), number of branches/plant
and root length (cm) as well as fresh and dry
weights of vegetative and roots (Q).
However, the dominance in both seasons
was for the interaction treatments between
GA; at 1500 ppm and NPK at 2 g/pot which
increased the means of all previous
parameters to the highest values comparing
with control, except for GA; at 1500 and
phosphorein at 5 g/pot which resulted the
increasing of number of branches/plant.

Flowering growth parameters:

Data averaged in Table (3) exhibit that
number of flowers of the fertilized plants
was significantly increased due to spraying
with GA; only at the rate of 1000 ppm in the
two seasons, and the mixture of phosphorein
at the rate of 5 g/pot with spraying GA;3 at
the rate of 1500 ppm slightly improved
significant differences in both seasons. A
similar trend was also attained concerning
fresh and dry weights (g).

This may be ascribed to the role of GA;3
and phosphorein in enhancing plant growth
which reflects afterward on flowering
characteristics. GA3 as a growth regulator
induces cell enlargement and promotes
internal biosynthesis.

Gavali (2010) described the role of bio-
fertilizers in  improving uptake and
availability —of essential macro and
micronutrients due to its micro-organisms
content. The bio-fertilizer used in current
study (phosphorein) containing such micro-
organisms (i.e. Bacillus megaterium which
transfers the unavailable triphosphate to
available monophosphate) and this could
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interpret the positive effect of phosphorein.
On the same line, were those results of
Maciel et al. (2003) on Spathiphyllum cv.
Petite.

Chemical composition:

According to data presented in Table (4),
it is clear that application of either GA3 or
some fertilizers (NPK and phosphorein), as
well as their combinations markedly
increased the content of photosynthetic
pigments (chlorophylls a, b and carotenoids,
as mg/g f.w.) in the leaves of treated plants.

Also from data shown in Table (5) it is
clear that the percentage of N, P and K and
total carbohydrates in the leaves were
markedly increased as a result to spraying
with GA; at 1500 ppm + NPK at 2 g/pot
which registered the highest values at all.
This may indicate the effect of both NPK
and GAa.

According to the aforementioned
results, it could be recommended to fertilize
the 3-months-old Bougainvillea glabra
transplants grown in 20-cm-diameter plastic
pots with 2 g/pot of NPK plus spraying the
foliage with GAg; till run off at the level of
1500 ppm 6 times with one month interval to
get the best vegetative, flowering and root
growth.
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Table 1. Effect of spraying with GA; and some fertilization treatments on some
vegetative growth parameters of Bougainvillea glabra Choisy plants.

F(::égitﬁ;ir?g 1% season 2" season
?cﬁf:entrations W.F. Phos. NPK Mean W.F. Phosp. NPK Mean
Plant height (cm)
0 ppm 26.33 g 4133c¢c 3100f 3289d 25.67e 38.00bc 30.67d 31.44d
500 ppm 37.00de  40.33cd 33.67ef 37.00c 34.00cd 4233b 32.33d 36.22c
1000 ppm 41.67 bc 50.00a 50.00a 47.22b 39.00b 49.67a 49.67a 46.11b
1500 ppm 45,67 b 52.67a 5367a 50.67a 50.33a 52.67a 53.67a 52.22a
Mean 37.67¢ 46.08a 42.08b 37.25¢c 45.67a 41.58h
No. of branches/plant
0 ppm 2.33¢ 2.33¢ 2.33¢e 2.33¢c 2.33d 2.33d 2.00d 222¢
500 ppm 3.00 de 3.33c-e 333ce 322b 3.00cd 333cd 333cd 3.22b
1000 ppm 3.33c-e 433bc 333ce 367b 4.00bc 4.00bc 333cd 3.78b
1500 ppm 5.00 ab 6.00a 367cd 4.89a 6.00a 5.00ab 4.00bc 5.00a
Mean 3.42 ab 4.00a 3.17b 3.83a 3.67a 3.17a
Fresh weight of vegetative growth (g)
0 ppm 21.33f 29.67cd 26.67e 25.89d 2227g 30.77cd 27.60ef 26.88¢C
500 ppm 29.00 de 27.00e 29.00de 28.33c 27.43ef 26.23f 29.77de 27.8lc
1000 ppm 31.00cd 32.00bc 33.63b 3221b 3150cd 32.80cd 33.13bc 32.48b
1500 ppm 34.00b 37.00a 37.20a 36.07a 3593ab 37.23a 38.03a 37.07a
Mean 28.83 b 3142a 3163a 29.28b 31.76a 32.13a
Dry weight of vegetative growth (g)
0 ppm 14.45¢g 1852fg 1560g 16.19d 1553i 20.70gh 17.80hi 18.01d
500 ppm 22.50 ef 2207f 16.30g 20.29c 20.00gh 2243fg 21.70g 21.38c
1000 ppm 26.17de  27.87cd 3437b 29.47b 26.10ef 26.80de 34.43b 29.11b
1500 ppm 31.93bc  31.87bc 40.94a 349l1a 30.23cd 32.63bc 41.93a 34.93a
Mean 23.76 b 25.08ab 26.80a 2297c 2564b 28.97a

W.F.: without fertilization, Phos.: phosphorein at 5 g/plant, NPK: NPK fertilization at 2 g/plant.
Means having the same letters are not significantly different according to Duncan's Multiple Range Test
(DMRT) at 5% level.
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Table 2. Effect of spraying with GA; and some fertilization treatments on some root
growth parameters of Bougainvillea glabra Choisy plants.

Fertilization

treatments

GAs _ W.F. Phos. NPK  Mean W.F. Phosp. NPK  Mean
concentrations

1% season 2" season

Root length (cm)

0 ppm 8.62 h 12.70e-g 9.87gh 1040d 10.75i 15.71ef 12.61g-i 13.02c
500 ppm 1491e 13.21ef 1090f-h 13.01c 13.78f-h 1451fg 11.90hi 13.40c
1000 ppm 18.99d 18.78d 28.60b 22.12b 17.48de 18.45cd 28.58b 21.50b
1500 ppm 21.71cd 23.97c 320la 25.90a 20.62c 20.65c 31.94a 24.40a
Mean 16.06 b 17.16b 20.34a 1565¢c 17.33b 21.26a

Root fresh weight (g)
0 ppm 1.49f 297ef 294ef 246¢C 196 f 3.13d 292de 2.67c
500 ppm 35le 512cd 1.86f 3.49b 3.30d 507c 223ef 353D
1000 ppm 4.16 de 593bc 7.13ab 5.74a 4.72c 6.69b 7.00ab 6.14a
1500 ppm 449 c-e 737ab 7.93a 6.60 a 434c 7.53a 748a 6.45a
Mean 341hb 5.34a 497 a 3.58¢ 5.60 a 491b

Root dry weight (g)
0 ppm 0.69 f 1.46ef  1.02f 1.06¢ 096g 141fg 115fg 1.17c
500 ppm 1.50 ef 294cd 086f 1.77b  1.71ef 3.07cd 0.87¢g 1.89b
1000 ppm 2.54 cd 3.48bc 3.43bc 3.15a 2.88d 4.00ab 3.26cd 3.38a
1500 ppm 2.43 de 446a 397ab 362a 2.20e 444a 364bc 3.43a
Mean 1.79¢c 3.09a 2.32b 194c 3.23a 2.23b

W.F.: without fertilization, Phos.: phosphorein at 5 g/plant, NPK: NPK fertilization at 2 g/plant.
Means having the same letters are not significantly different according to Duncan's Multiple Range Test
(DMRT) at 5% level.

Table 3. Effect of spraying with GA; and some fertilization treatments on some
flowering characteristics of Bougainvillea glabra Choisy plants.

Fi:zglt?(talr?tr; 1%t season 2" season
g)ﬁ?:entrations W.F. Phos. NPK Mean W.F. Phosp. NPK Mean
No. of flowers
0 ppm 7.00 de 7.33de 7.00de 7.11b 7.00d-f 6.00ef 7.33cf 6.78c
500 ppm 8.67 cd 12.33ab 4.00e 833b 9.67b-d 12.67ab 4.00f 8.78b
1000 ppm 15.67a 11.33bc 8.67cd 11.89a 15.33a 10.67bc 9.00c-e 11.67a
1500 ppm 4.67 e 12.67ab 4.67¢ 7.33b 400f 13.00ab 5.00f 7.33hbc
Mean 9.00b 1092a 6.08¢c 9.00a 10.58a 6.33b
Flowers fresh weight (g)
0 ppm 1.18 d-f 1.37de 1.25df 127b 116cf 1.06d-f 1.24c-f 1.15b
500 ppm 1.40 de 2.51b 0.53¢g 148b 146¢c-e 244ab 0.61f 1.50b
1000 ppm 3.15a 223bc 168cd 235a 289a 1.87bc 1.72b-d 216a
1500 ppm 0.94 e-g 209bc 074fg 1.26b 088ef 268a 0.95ef 150b
Mean 1.67b 2.05a 1.05¢ 1.60b 201la 1.13¢
Flowers dry weight (g)
0 ppm 0.78 c-e 0.89cd 0.88cd 0.8b 0.78c-f 0.90cf 097ce 0.88b
500 ppm 1.05 b-d 1.45b 0.36¢€ 096b 1.02b-d 145ab 057d-f 1.01b
1000 ppm 2.07 a 121bc 098b-d 142a 1.71a 1.23bc 1.02b-d 1.32a
1500 ppm 0.71 de 1.23bc 0.38e 0.77b 0.45f 1.70a 0.54ef 0.90b
Mean 115a 1.20a 0.65b 0.99b 132a 0.78b

W.F.: without fertilization, Phos.: phosphorein at 5 g/plant, NPK: NPK fertilization at 2 g/plant.
Means having the same letters are not significantly different according to Duncan's Multiple Range Test
(DMRT) at 5% level.
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