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HE PRESENT experiment was performed at the nursery of

Horticulture Research Institute, Agriculture Research centre,
Giza, Egypt during two successive seasons 2013 and 2014. It intended
to dwarf vegetative growth of Russelia equisetiformis for using as a
pot plant. Thus, the individual and the combined effects of different
pinching treatments (after either one or two months from planting) and
various levels of paclobutrazol (0, 100, 150 and 200 mg/l) were
applied as a foliar spray, commencing from one month of planting and
then at weekly intervals till the experiment termination in
(September15™) in both seasons. The results emphasized that using
pinching treatment for only one time produced the highest number of
secondary shoots/plant and increased fresh and dry weight of
shoots/plant as well as flower number/plant. Meanwhile, treating
plants with pinching treatment for two times proved its superiority in
reducing plant height with increasing number of main shoots, root
length and number of roots/plant. Additionally, negligible and
insignificant differences were observed for fresh and dry weights of
roots due to using pinching treatments in both seasons.

Plant height was gradually decreased by increasing paclobutrazol
levels in both seasons, whereas number of roots/plant was
progressively increased by increasing paclobutrazol level in the same
seasons. Applying paclobutrazol at 100 mg/l revealed a clear
increment in either fresh or dry weight of shoots/plant. Moreover, root
length was increased due to using the same paclobutrazol level (100
mg/l). Supplying plants with paclobutrazol at 150 mg/l proved its
mastery in raising number of main and second shoots/plant. Also, the
same treatment proved its superiority for raising fresh and dry weight
of roots. Meanwhile, paclobutrazol treatment at 200 mg/g gave rise to
the utmost high values of flower number/plant.

Referring to chemical constituents of vegetative growth parts,
pinching treatment for two times proved its mastery in raising
chlorophyll (a) and carotenoids contents, whereas it slightly increased
chlorophyll (b). Meanwhile, the same treatment caused a slight
increment in phenols content, but decreased indoles content in the



914 A.M. ABOU DAHAB et al.

same organ. Using the moderate Pbz level (150 mg/l) was the best for
raising chlorophyll a and b in the leaves in the two seasons, whereas,
applying the highest level (200 mg/l) was the best for elevating
carotenoids content in the same seasons. Moreover, applying Pbz at
150 mg/l gave the highest phenols value, whereas, the highest level
(200 mg/1) gave the lowest record of indoles content.

From the aforementioned results and the interactions, it could be
recommended to use pinching treatment for two times with supplying
plants with Pbz in the range of 150 — 200 mg/l for producing short
plants of good quality.

Keywords: Russelia equisetiformis, Pinching, Paclobutrazol.

Russelia (Russelia equisetiformis) is a flowering plant belong to Family
Scrophulariacaea, native to Mexico and Guatemala, The species name refers to
this plant resemblance to horse tail. Commonly used to hide unattractive
retaining walls or fences because they grow quickly and have dense foliage.
Growing to a maximum height of 1.8 m., they are shrubs which tolerate full sun
to partial shade. As evergreens they bloom for most of the year freely from late
spring to frost, with bright colored flowers (Wikipedia, 2015 and Umberto,
2000). The attractive leaves and the bright flowers encourage many scientists to
make this shrub to be used as a pot plant using several treatments such as growth
retardants. Plant growth retardants (PGRs) are commonly used to inhibit stem
elongation of many ornamental plants, which they act by inhibiting cell division
in the sub-apical meristem of the shoots (Grossmann, 1992), Furthermore, PGRs
are used as traditional plant breeding and commercially in greenhouses to inhibit
stem elongation , enhance foliage color and decrease time of flowering (Dole and
Wilkins, 1999). Pbz, a member of tiazole plant growth regulator group, is a
broad-spectrum GA biosynthesis inhibitor and used widely in agriculture (Davis
and Curry, 1991). The chemical control of plant growth to reduce the size
through the use of plant growth regulators is a common practice to make a plant
more compact and commercially more acceptable. A number of synthetic
compounds are known to manage shoot growth in higher plants without being
phytotoxic or causing malformation or damage (Salisbury and Ross, 1994).
Some of these substances have been found in agricultural practices, since they
reduce the rate of stem elongation and are involved in the regulation of
photosynthesis and the movement of photosynthetic products from their site of
synthesis in the leaf to the site of accumulation (Mir et al., 2009). Moreover,
chemical addition as growth retardants may have effect on the cell division as the
reduction of height was due to reduction in cell division frequency of the
meristematic tissues in the apical growing regions and reduction in cell
elongation (Don et al., 2003), Growth retardants and cytokinins can affect flower
size, pedicel length, number of flowers, (Pobudkiewicz, 2008). They can be
directly applied on plants to alter structural and modifying hormone balance to
increase yield, improve quality or facilitate harvesting (Lamas, 2001). Plant
growth retardants (CCC and Pbz) as spraying increased dry matter, starch,
reducing sugars, total sugars and chlorophyll contents also helping in increasing
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photosynthesis activity (Eyob and Krishnappa, 1999). Pbz is a strong growth
retardant used in many plants to control their growth and development (Gonzélez
et al., 1999). The reduction in aerial parts and dry weight by Pbz was found by
Ruter (1996) on Lantana, Nasr (1995) on Pelargonium zonale and Bafidn et al.
(2001a and b) on Asteriscus maritimus and oleander. Plant growth retardants are
commonly used to produce short and attractive compact floriferous plants
(Andersen and Andersen, 2000). Pbz (0.2, 0.3, 0.4 and 0.5 mg/pot) and ethephon
ETH (25, 50, 75 and 100 mg/pot) were applied as a single soil drench on
Reichardia tingitana where they reduced plant height, plant width, aerial part dry
weight, number of flowering stems and number of inflorescences per plant also
decreased chlorophyll a and b and flower numbers (Banon et al., 2003).

On Nerium oleander seedling, Ochoa et al. (2009) applied Pbz as a single
liquid drench application to the substrate surface (20 mg/l a. i. per plant) in a
nursery dedicated to pot production in SE Spain. Results revealed that Pbz
significantly reduced the growth parameters, providing more compact plant of
good commercial value and confirming its ability to reduce the vertical growth
of native oleander in the nursery. Shanan and Soliman (2011) studied the
response of snapdragon plant to pinching and growth retardant treatments. They
concluded that pinching the plants at 3 - leaves stage and treating with
paclobutrazol (Pbz) caused a remarkable reduction in plant height as Pbz at 150
mg/l exhibited the lowest indole acetic acid (IAA). The plants treated by 50 mg/I
Pbz and pinched at 7- leaves stage gave the greatest number of branches/plant.
Badgeshalini et al. (2014) worked on summer African marigold and concluded
that pinching treatment at 15 day was found to be the best for improving
vegetative growth parameters Abdul - Razzak et al. (2014) studied the effect of
pinching treatment on Pelargonium hortorum i. e. pinching or without pinching.
Results showed that pinching treatment caused a significant increase in the
number of side shoots. Priyank et al. (2015) on Barleria cristata concluded that
seedlings recorded maximum number of secondary side shoots when grown in
soil from natural and FYM with double pinching and with the application of 75
ppm paclobutrazol.

Therefore, the work embodied in this paper was carried out for achieving the
hope of producing short plants of Russelia equisetiformis suitable for using as
pot plants by studying the individual and combined effects of different pinching
treatments and Pbz levels.

Materials and Methods

The experimental trial was performed throughout two successive seasons
(2013 and 2014) at the nursery of Horticulture Research Institute, ARC, Giza,
Egypt, with the aim of producing short plants of Russelia equisetiformis plants
for using as a pot plant. Thus, the individual and the combined effects of
different pinching treatments and paclobutrazol levels were investigated.
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Materials

o Plastic pots (20 cm. diameters) filled with about 2.5 kg of the mixture of sand
+ clay (1:1, viv).

e Rooted cuttings of 15-20 cm. height and 12-14 main shoots were selected for
planting in the two  seasons.

o Different paclobutrazol (pbz) levels (0, 100, 150 and 200 mg/I).

Procedure

On March 15", the plants were planted in plastic pots (one plant/each).
Thereafter, they were divided into three main groups, the first received pinching
treatment for one time one month from planting, whereas the second received
pinching at two times, after one and two months from planting. The third was
for, control plants which was left without pinching. The plants were left to grow
under open field conditions. Meanwhile, after one month from planting all the
cultivated plants without control plants received foliar spray of different
paclobutrazol levels (0, 100, 150 and 200 mg/l) at weekly intervals commencing
from April 15", throughout the growth cycle of the plant till the terminate of the
experiment (September 15™).

The experimental design of the two seasons was a factorial experiment in
randomized complete block design, with three replicates. The main plots were
assigned to pinching treatments, whereas, the sub plots exhibited the different
paclobutrazol treatments. Thus, 12 treatments were included in the experiment (3
pinching treatments x4 paclobutrazol levels). Every experimental unit contained
6 plants and every treatment was represented by 18 plants.

Regular agricultural practices such as weeding, watering and fertilization
(with NPK at 1.5g/pot was applied as a soil dressing), were carried out
throughout the course of the study.

Data were recorded at the termination of the experiment (September 15™) on:
¢ Plant height (cm.)
o Number of main shoots/plant
o Number of secondary shoots/plant -Fresh and dry weight of shoots/plant (g)
o Number of flowers/plant
e Root length (cm.)
e Root number/plant- Fresh and dry weight of roots/plan (g)

Chemical determination

e Chlorophyll a, b and carotenoids in the leaves: mg/g f.w. as described by
Lichtenthaler and Wellburn (1985).

e Phenols content in the leaves: mg/g f.w. according to A.O.A.C. (1990).

e Indoles content in the leaves: mg/g f.w. as recorded by Larsen et al. (1962)
and Salim et al. (1978) and the concentration were calculated as mg indole
acetic acid/100g fresh weight.
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Data were statistically analyzed using SAS (1994) computer program and
means were compared by L.S.D. test according to Snedecor and Cochran (1990).

Results and Discussion

Effect on vegetative growth parameters

Plant height

According to data presented in Table 1, it is evident that using pinching
treatment for two times proved its superiority in reducing plant height than that
gained from other treatments used in both seasons. Meanwhile, considerable
influence on the same trait was detected due to supplying plants with the
different Pbz levels, where plant height was progressively decreased by
increasing Pbz level, giving the lowest means by applying the highest level (200
mg/l), Fig. 1. The interactions indicated the prevalence of using pinching
treatment for two times, with supplying plants with the highest Pbz level (200
mg/l) in producing the shortest plant in the two seasons. In this connection, the
reduction on plant height due to Pbz treatment was attributed by Don et al.
(2003) to reduction in cell division frequency of the meristematic tissues in the
apical growing regions and reduction in cell elongation. Meanwhile, Banon et al.
(2003) reported Pbz at 0.2, 03, 0.4 and 0.5 mg/pot applied as a single soil drench
on Reichardia tingitana reduced plant height. Moreover, Warner and Erwin
(2003) added that Pbzat 20 — 40 mg/l inhibited stem elongation of various
species of Hibiscus (H. trioonum, H. coccineus and H.radiata). Likewise,
Shanan and Soliman (2011) studied the effect of pinching and growth retardant
treatments on snapdragon and found that pinching the plants at 3 — leaves stage
and treating with Pbz caused a remarkable reduction in plan height.

Number of the main and secondary shoots/plant

The significantly highest number of main shoots/plant was observed in plants
treated with pinching treatment for two times in both seasons (Table 1), whereas,
the highest number of secondary shoots/plant was noticed where, pinching
treatment for one time was applied in the two seasons. Meanwhile, the
significantly highest number of either main or secondary shoots/plant was a
result of supplying plants with Pbz at 150 mg/I in both seasons. The interactions
revealed the prevalence of supplying plants treated with pinching treatment for
two times with Pbz at 150 mg/l in raising number of main shoots/plant.
Meanwhile, the highest records of number of secondary shoots/plant were
obtained due to receiving plants treated with pinching treatment for one time Pbz
at 150 mg/l in both seasons.

In this regard, the increment in number of either main or secondary
shoots/plant due to pinching or Pbz treatments was also ascertained by various
workers. Abdul-Razzak et al. (2014) on Pelargonium hortorum concluded that
pinching treatment caused a significant increase in the number of side shoots.
Shanan and Soliman (2011) found that the greatest number of branches/plant of
Antirrinum majus was recorded with 50 mg/l Pbz. Priyanka et al. (2015) on
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Barleria cristata claimed that seedling recorded maximum number of secondary
side shoots when grown in soil from natural habitat and FYM with double
pinching and with the application of 75 ppm paclobutrazol.

TABLE 1. Effect of paclobutrazole (Pbz) and pinching treatments on plant height
(cm.), number of main shoots/plant, number of secondary shoots/plant,
fresh weight of shoots/plant (g.) and dry weight of shoots/plant (g.) of
Russelia equisetiformis in two seasons.

Plant height (cm.)

Characters First season Second season
Levels
bz)mg/IC
ontrol| 100 | 150 | 200 |Mean (A)|Control{ 100 | 150 | 200 | Mean (A)

Pinching

Control 59.5 | 36.1 [34.3 | 25.0 38.7 54.0 | 395|378 | 27.3 39.7
One 456 | 33.0 |26.5| 21.0 315 46.0 | 36.4 | 31.8 | 23.9 34.8
Two 39.4 | 285 |25.0] 19.7 28.2 40.8 | 28.3 | 27.5 | 20.2 29.2

Mean(B) 51.0 | 325 |28.1| 21.9 46.9 | 343 ] 319 | 235

L.S.D. A= 3.2 B=45 AxB=6.9 A=35 B=49 AxB= 7.0

Number of main shoots/plant

Control 11.7 | 13.0 |17.3| 147 14.1 133 | 14.7 | 16.7 | 140 14.7
One 13.7 | 15.0 | 18.0] 17.3 16.0 13.7 | 157 | 17.0 | 15.3 154
Two 140 | 16.7 | 23.0| 15.3 17.3 143 | 16.0 | 18.3 | 16.7 16.3

Mean(B) 131 | 149 | 194 ] 158 134 | 153 | 17.0 | 155

L.S.D. A=0.6 B=09 AxB=1.2 A=0.7 B=0.9 AxB=1.1

Number of secondary shoots/plant

Control 220.4 | 236.1 | 352.7 [170.0 | 244.8 | 229.3 | 241.8 | 356.7 | 160.0 | 247.0
One 233.1 | 286.2 | 424.0 [181.0 | 281.1 | 240.0 | 293.0 | 404.7 | 182.2 | 279.9
Two 227.7 | 247.6 | 374.2 | 145.0 | 248.6 | 234.8 | 250.8 [ 353.8 | 128.5 | 244.2

Mean(B) 243.7 | 256.6 | 383.3 | 165.3 234.7 | 261.9 | 181.0 | 281.1

L.S.D. A=N.S. B=48.6 AxB=62.2| A=N.S. B= 634 AxB=101.8

Fresh weight of shoots/plant (g.)

Control 329 | 260 | 195 | 176 | 240 | 333 | 23.7 | 206 | 19.3 24.2
One 194 [ 309 | 272 | 220 | 249 | 20.7 [ 32.7 | 251 | 223 25.2
Two 18.6 | 29.1 | 211 | 220 | 22.7 | 20.0 | 32.6 | 21.9 | 20.8 23.8

Mean(B) 23.6 | 28.7 | 226 | 20.3 24.7 | 29.7 | 225 | 20.8

A=0.8 B=1.1
L.S.D. AxB=16 A=0.9 B=1.3 AxB=1.8
Dry weight of shoots/plant (g.)

Control 18.4 | 103 | 9.7 6.5 112 | 19.0 | 85 8.3 7.7 10.9
One 9.7 [131] 113 | 93 10.9 95 | 145 | 10.7 | 10.1 11.2
Two 93 [ 117 | 85 8.4 9.5 9.1 | 146 | 9.0 9.2 10.5

Mean(B) 95 [ 124 | 9.9 8.9 93 | 146 | 9.9 9.7

A=N.S. B=1.1

L.S.D. A=0.8 B=1.0 AxB=1.5 AxB=1.6

Number of flowers/plant

Control . 47 133 | 180 | 166 | 1315 | 39 144 | 198 | 185 141.5
One 55 155 | 221 | 209 160 40 160 | 225 | 213 159.5
Two 35 136 58 94 80.8 32 144 63 100 84.7

Mean(B) 45.7 |141.3| 153 |156.3 37 |149.3 |165.3 | 167.7

L.S.D. A= 143 B= 20.2 AxB=28.6 A=15.7 B=22.2 AxB=31.4
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Fresh and dry weight of shoots/plant

Highest records on either fresh or dry weight of shoots/plant were observed
due to plants treated with pinching treatment for only one time or for untreated
ones in both seasons (Table, 1). Meanwhile, the lowest scores were a result of
treating plants two times for both traits in both seasons. Meantime, Pbz treatment
at 100mg/l, revealed a clear increment in either fresh or dry weight of
shoots/plant in both seasons. In the matter of the interaction, it is evident from
data presented in Table 1, the prevalence of untreated plants with either pinching
or Pbz treatments, followed with significant difference by plants treated with
pinching treatment for only one time and supplied with Pbz at the lowest level
(100 mg/l) for raising fresh and dry weight of shoots/plant in both seasons, as
well as for plants which received pinching treatment two times and treated with
Pbz at 100 mg/l in the second season only.

Flower number/plant

Flowers number/plant was significantly affected by treating plants with either
pinching or treating with Pbz treatments in both seasons (Table 1). In this
connection, great influence was detected on such trait due to treating plants with
pinching for only one time in elevating number of flowers/plant followed by that
gained from untreated plants (control) in both seasons. In contrast, the lowest
scores in the same parameter was a result of treating plants with pinching
treatment for two times in the two seasons as it is clear from data registered in
Table 1. Concerning the effect of Pbz level, it is obvious from data the great
influence of using the different pbz levels in raising number of flowers/plant as it
progressively increased in both seasons by raising Pbz levels, scoring the highest
values by using the highest levels (200 mg/l). Referring to the interaction,
receiving plants treated with pinching for only one time Pbz at 150 mg/l gave the
utmost high number flowers/plant in the two seasons. In contrast, the lowest
records were concomitant to plants treated with pinching for two times and
untreated with Pbz in both seasons.

The previous results revealed the great influence of using the different Phz
levels in raising number of flowers/plant. However, Davis et al. (1988) stated
that Pbz is a synthetic plant growth regulator, which has been used to control
vegetative growth and to enhance flowering. Gowda and Jaynthi (1991) reported
that the increase in number of flowers of Tagete serecta L. per plant and yield of
flowers/plant might be attributed to the development of large number of axillary
shoots as a result of cessation of terminal growth. Pobudkiewicz (2008) reported
that growth retardants and cytokinins can affect number of flowers.
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Fig. 1. Effect of different concentrations of Pbz without pinching on the vegetative
growth of Russelia equisetiformis.

Effect on root parameters

Root length

As shown from data registered in Table 2, the utmost high values of root
length were a result of plants treated with pinching for two times. Meanwhile,
the lowest records in both seasons were obtained due to treating plants with
pinching for only one time in both seasons. On the other hand, the highest
records of the same trait were gained due to untreated plants with Pbz, followed
with significant difference by those which received the lowest level of Pbz (100
mg/l). Meantime, the lowest means were obtained due to supplying plants with
the highest Pbz level (200 mg/l). In the matter of the interactions, highest records
were obtained for the same trait due to untreated plants with either pinching or
Pbz treatments as well as with plants treated with pinching treatment for two
times and untreated with Pbz in the first season. However, the highest records in
the second one were a result of plants treated with pinching treatment for either
one or two times and untreated with Pbz. In contrast, the lowest scores were
obtained as a result of plants treated with pinching for one time and supplied
with the highest Pbz level (200 mg/l) in the two seasons.

The after mentioned results revealed the beneficial effect of pinching
treatment for two times in raising root length, whereas, using the highest Pbz
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level (200 mg/l) caused a clear decrement in the same trait. However, such
effects were in agreement with those of Dessouky (1994) who concluded that
root length/plant of bird of paradise was noticeably increased with pinching
treatment. Also, the highest Pbz level (200 mg/l) caused a clear decrement in the
same trait.

TABLE 2. Effect of paclobutrazol (pbz) and pinching treatments on root length
(cm), root number/plant, fresh weight of roots/plant (g) and dry weight
of roots/plant (g) of Russelia equisetiformis.

Root length (cm)
Characters
Season one Season two
Levels
PoAMIN o ntrol| 100 | 150 | 200 | M€ |controt| 100 | 150 | 200 | MeaN
A (A
Pinching

Control 314 | 265 | 27.0 | 21.0 | 265 29.0 258 | 255|217 | 255
One 30.7 | 27.8 | 26.3 | 185 | 25.8 31.7 26.7 | 21.2 | 183 | 245
Two 31.0 | 308 | 27.2 | 20.3 | 27.3 30.9 310 | 273202 | 27.3

Mean (B) 31.0 | 284 | 26.8 | 19.8 30.5 27.8 | 24.7 | 20.0

L.S.D. A=0.8 B=1.0AxB=1.6 A=0.9 B=1.1 AxB=1.7

Root number/plant

Control 12.1 124 | 129 [ 143 | 129 11.4 12.0 | 140 | 15.1 | 13.26
One 110 | 11.3 | 120 | 12.7 | 11.8 11.7 13.0 | 140|143 | 133
Two 11.7 13.0 | 12.7 | 153 | 13.2 11.9 13.3 | 133|193 | 145

Mean (B) 11.6 122 | 125 | 14.1 11.7 12.8 | 13.8 | 16.2

L.S.D. A=0.8 B=1.1 AxB=1.6 A=0.9 B=1.2 AxB=1.8

Fresh weight of roots/plant (g)

Control 47 | 57 | 65| 54 5.5 6.0 6.9 73 | 6.2 6.6
One 4.6 59 [ 6.7 ] 51 5.6 6.1 8.1 79 | 7.3 7.4
Two 4.2 50 | 55| 49 4.9 5.7 7.9 75 | 7.1 7.1

Mean (B) 45 | 55 [ 6.2 | 5.1 5.9 76 | 76 | 6.7
L.S.D. A= N.S. B= 11 AxB=18 A=N.S B=12 AxB=18
Dry weight of roots/plant (g)

Control 24 | 22 [ 33| 26 2.6 3.3 3.1 34 | 23 3.0
One 20 | 25 [ 29| 23 2.4 2.5 35 33 | 33 3.2
Two 19 | 21 (24| 21 2.2 2.3 3.4 32 | 31 3.0

Mean (B) 21 | 23 [ 29 ] 23 2.4 3.3 33 | 32

L.S.D. A=N.S. B=11 AxB=16 A=N.S. B=1.1 AxB=1.6

Number of roots/plant

In both seasons, the significantly greatest number of roots/plant belonged to
plants treated with pinching for two times, followed with significant difference
in the second season, but not in the first one by plants untreated with pinching
(Table 2). In contrast, the lowest means were a result of plants which received
pinching treatment for only one time in the two seasons. On the other hand,
number of roots/plant was progressively increased by increasing Pbz level in
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both seasons. The interaction, indicated the mastery in raising number of
roots/plant due to treating plants with pinching treatment for two times, with
supplying plants with the highest Pbz level (200 mg/l) in the two seasons. In
contrast, the lowest values belonged to plants treated with pinching for only one
time and untreated with Pbz in the first season as well as for untreated plants
with either pinching or Pbz in the second one (control).

The previous results showed favourable effects on number of roots/plant in
both seasons due to receiving plants paclobutrazol treatments, with the mastery
of using the highest level (200 mg/l). However, many scientists confirmed such
result on some plants. Geneve (1990) stated that Pbz treatment enhanced
adventitious root formation in English ivy (Hedra helix). Symons et al. (1990)
reported that Pbz improved root formation of avocado, which may be attributed
to increase assimilate partitioning to the roots due to reduced demand in the
shoot. DeResende and DeSouza (2002) proved that, Pbz treatment led to increase
assimilation partitioning to the underground parts. Abdi and Ascari-Raburi
(2009) concluded that number of roots was increased when the cuttings of
Delonix regia were treated with Pbz at 5 g/l + 300 mg/l IBA.

Fresh and dry weight of roots

Negligible and insignificant differences were observed in fresh and dry
weight of roots due to using pinching treatments in both seasons (Table 2). On
the other hand, highest records were obtained on the same traits due to receiving
plants Pbz at 150 mg/l in the first season and at either 100 or 150 mg/l in the
second one. The interaction proved the superiority of receiving plants treated
with pinching treatment for only one time, Pbz at150 mg/l in the first season and
at 100 mg/l in the second one, for raising the recorded values for both traits.

The improving of fresh and weight of roots due to Pbz treatments might be
understood in the light of the following findings of many authors on different
plant species Yim et al. (1997) reported that Pbz treated rice seedlings had
higher root dry and greater ability to produce new roots. Tsegaw (2006)
concluded that spraying of Pbz at 45, 67 and 90 mg/l increased fresh and dry
weight of potato. Kucharska and Orlikowska (2008) found that Pbz at 0.5, 1.0
and 3.0 mg/l increased fresh weight of roots of chrysanthemum plants.

Effect on chemical constituents
Pigment content in the leaves

Chlorophyll (A)

It is evident from data registered in Table 3 that pinching treatment caused an
increment in chlorophyll (a) content in the leaves comparing with that gained
from control plants in both seasons, with the mastery of applying pinching
treatment for two times. Also, all Pbz levels revealed a positive significant effect
on the same constituent, with the prevalence of applying the moderate level (150
mg/l) in the two seasons. Referring to the interaction, plants which treated with
pinching treatment for two times and treated with Pbz at the moderate level
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(150 mg/l) recorded the utmost high values in both seasons. In contrast, the
lowest score was obtained due to untreated plants with either pinching or Pbz
treatments.

TABLE 3. Effect of paclobutrazol (pbz) and pinching treatments on chlorophyll a, b
and carotenoids, phenols and indoles mg/g f.w. of Russelia equisetiformis

in leaves.
Chlorophyll a mg/g f.w..
Characters First Season Second Season
Levels
bz)mg/l Mean Mean
Control| 100 | 150 | 200 A) Control| 100 | 150 | 200 (A)

Pinching

Control 0.34 | 043 ]047 | 0.44 0.42 0.37 | 0.44 | 0.45 | 0.45 0.43
One 0.44 | 0.45|0.47 | 0.45 0.45 044 |0.46 | 054 | 0.45 0.47
Two 045 | 0.46 | 054 | 0.45 0.48 0.46 | 051 | 061 | 057 0.54

Mean(B) 0.41 | 0.45|0.49 | 0.45 042 |0.47| 053 | 0.49
L.S.D. A=0.02 B=0.04 AxB=0.05 A= 0.02 B=0.03 AxB=0.04

Chlorophyll b mg/g f.w.

Control 0.16 | 0.21 ]0.25| 0.20 0.21 0.18 | 0.27 | 0.32 | 0.17 0.24
One 021 | 0.22 {029 | 0.17 0.22 021 |0.29 | 0.33 | 0.19 0.25
Two 0.20 | 0.29 |10.31| 0.19 0.25 022 |0.31| 0.36 | 0.25 0.29

Mean(B) 0.19 | 0.24 [ 0.28 | 0.19 0.20 | 0.29 | 0.34 | 0.20
L.S.D. A=0.02 B=0.03 AxB=0.05| A=0.02 B=0.03 AxB=0.04

mg/g f.w. Carotenoids

Control 0.04 | 0.03 | 0.05]| 0.07 0.05 0.03 | 0.04 | 0.05 | 0.07 0.05
One 0.05 | 0.06 | 0.06 | 0.09 0.07 0.04 | 0.05| 0.06 | 0.08 0.06
Two 0.06 | 0.07 |0.08] 0.1 0.08 0.05 | 0.05| 0.07 | 0.09 0.07

Mean(B) 0.05 | 0.05 | 0.06 | 0.09 0.04 | 0.05] 0.06 | 0.08

L.S.D. A=0.01 B=0.02 AxB=0.03 | A=0.01 B=0.02 AxB=0.03

Phenols mg/g f.w.

Control 1.5 21 |22 | 22 2.0 1.3 22 | 23 2.2 2.0
One 1.6 22 |23 | 22 2.1 1.5 23 | 24 2.2 2.1
Two 1.7 23 |24 | 23 2.2 1.7 24 | 25 2.4 2.3

Mean(B) 1.6 22 | 23| 22 15 23 | 24 2.3

L.S.D. A=0.09 B=0.1 AxB=0.2 A=0.08 B=0.1 AxB=0.2

Indoles mg/g f.w.
Control 22.0 | 11.0 |10.8| 3.5 11.8 221 |10.7| 6.4 3.0 10.6

One 21.2 | 10.7 [10.7| 3.3 115 214 | 98 | 59 2.0 9.8
Two 208 | 105 | 32 | 34 9.5 209 |103| 3.1 1.8 9.0
Mean(B) 213 | 107 | 82 | 34 215 [103 ] 51 2.3
L.S.D. A=1.6 B=2.0 AxB=2.5 A=N.S. B=2.1 AxB=2.7

Chlorophyll (b)

Chlorophyll (b) content was not significantly affected by applying pinching
treatment for only one time in the two seasons, whereas it slightly increased it
over control, by using pinching treatment for two times. Meanwhile, receiving
plants the moderate Pbz level (150 mg/l) gave the highest record of chlorophyll
(b), followed with significant difference by plants treated with the lowest level
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(100 mg/l) and occupied the second rank in this concern. On the contrary, the
lowest scores were a result of untreated plants or those which received the
highest Pbz level (200 mg/l) in the two seasons. In the matter of the interaction,
the highest records were obtained in chlorophyll (b) content in the leaves
resulting from plants treated with pinching treatment for two times and received
Pbz at either (100 or 150 mg/l). On the contrary, the lowest mean was a result of
untreated plants with either pinching or Pbz treatments in both seasons.

Carotenoids

Carotenoids content in the leaves was progressively increased by increasing
number of pinching time, where the highest score was gained due to using
pinching for two times. On the other hand, using the highest Pbz level (200 mg/l)
showed a clear increment in carotenoids content in both seasons. The interaction,
revealed marked increment in the same constituents due to receiving plants
which treated with pinching treatment for two times, Pbz at the highest level,
where the utmost high values were obtained. In contrast, the lowest record was a
result of untreated plants with pinching with receiving either Pbz at the lowest
level (100 mg/l) or untreated one in both seasons.

The previous results revealed the excellence of applying Pbz at the moderate
level (150 mg/l) for raising chlorophyll a and b contents in the leaves parts.
However, the great influence of Pbz for improving chlorophyll content was also
reported by a lot of workers. Pan and Luo (1994) on Cymbidium sinense, Wang
et al. (1994) on Lolium, Kim et al. (1999) on Dicentra spectabilis stated that 0.3
mg/l Pbz increased chlorophyll contents and have the darkening leaves. Fletcher
et al. (2000) claimed that Pbz as one in triazol group stimulates cytokinin
synthesis that enhances chloroplast differentiation, chlorophyll biosynthesis and
prevents chlorophyll degradation. Berova and Zlative (2000) stated that densely
packed of chlorophyll content may be ascribed to higher cytokinin content that
stimulated chlorophyll biosynthesis and reduced chlorophyll catabolism Tsegaw
(2006) stated that spraying of Pbz at 45, 67 and 90 mg/l increased chlorophyll a
and b of potato. Kucharska and Orlikowska (2008) found that Pbz at 0.5, 1.0 and
3.0 mg/l increased chlorophyll a and b of chrysanthemum.

Phenols content in the leaves

Results of Table 3 show slight increment in phenols content in the leaves due
to treating plants with pinching for either one or two times, where the latter was
the best in this regard. Pbz treatments, on the other hand, significantly increased
phenols content over the control in the two seasons. However, supplying plants
with Pbz at 150 mg/l was the best in raising such constituent in the two seasons.
The interaction indicated that treating plants with pinching treatment for two
times with supplying plants with Pbz at 150mg/l gave the utmost values in the
two seasons. Meanwhile, the lowest record was a result of untreated plants with
either pinching or Pbz (control) in both seasons.
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The previous results indicated that Pbz treatments significantly increased
phenols content over the control in both seasons. However, such finding is in
accordance with Henrique et al. (2006), reported that Pbz at 100 mg/l with IBA
or NAA increased total phenols of Pinus caribaea var hondurensis.

Indoles content in vegetative growth

Data exhibited in Table 3 exert that pinching treatments caused a decrement
in indoles content in the leaves in the two seasons, giving the lowest means due
to applying pinching treatment for two times. Moreover, indoles content was
progressively decreased by increasing pbz level, giving the lowest record by
using Pbz at the highest level (200 mg/l) in the two seasons. The interaction
cleared a considerable increment in indoles content in the leaves due to plants
untreated with either pinching or Pbz treatments in both seasons, as well as for
plants treated with pinching for one and two times and untreated with Pbz in the
same seasons. All of them gave means closely near together in the two seasons.
In contrast, the same constituent much decreased for plants untreated with
pinching or treated with pinching for one or two times and supplied with the
highest Pbz level (200 mg/l) in the two seasons, as indicated in Table 3.

In this connection, the reduction in indole content due to applying Pbz
treatments was also found by other authors. Shanan and Soliman (2011)
mentioned that Pbz at 150 mg/l decreased IAA (indole acetic acid) and GA;
leaves content of Antirrhinum majus.

References

Abdi, Gh. and Ascari-Raburi, N. (2009) Enhancement of IBA, Urea-Phosphate,
Paclobutrazol and their combinations on rooting of Royal Poinciana (Delonix regia)
stem cuttings. Amer. Eurasian J. Agric. Environ. Sci., 6 (2), 132-136.

Abdul-Razzak, O.H., Thiaer, Y.K. and Noor, Y.A. (2014) Effect of pinching and
spraying with gibberellic acid and zinc on growth, flower and pigments of geranium
(Pelargonium hortorum L.). M.Sc Thesis, Fac. Agric., Basrah Univ., Irag.

Andersen, A.S. and Andersen, L. (2000) Growth regulation as a necessary pre-requisite
for introduction of new plants. Acta Hort., 541, 183-192.

A.O.A.C. (1990) "Official Methods of Analysis”, 13" ed., Association of Official
Analytical Chemists, Washington D.C., USA.

BadgeShalini, L., Panchbhai, D.M. and Dod, V.N. (2014) Response of pinching and
foliar application of gibberellic acid on growth and flower yield in summer African
marigold. India J.urnal.com, 15 (2), 394-397.

Bafién, S., Ochoa, J., Fernandez, J.A. and Franco, J.A. (2001a) Adecuacion de

Asteriscusmaritimus al cultivo en macetamediantereguladoresdelcrecimiento. Actas
de Hort. de la SECH, 31, 51-61.

Egypt. J. Hort. Vol. 42, No.2 (2015)



926 A.M. ABOU DAHAB et al.

Bafion, S., Ochoa, J. and Gonzalez, A. (2001b) Manipulation of oleander growth,
development and  foliage colour by paclobutrazol and  ethephon.
Gartenbauwissenschatft, 66 (3), 123-132.

Banon, S., Ochoa, J., Fernandez, J.A. and Gonzalez, A. (2003) Plant growth retardants
for introduction of Native Reichardia tingitana. Acta, Hort., 598, 271- 277.

Berova, M. and Zlatev, Z. (2000) Physiological response and yield of paclobutrazol
treated tomato plant (Lycopersicon esculentum Mill). Plant Growth Regulator, 30,
117-123.

Davis, T.D., Steffens, G.L. and Sankhla, N. (1988) Triazol plant growth regulators.
Hort. Rev., 10, (63-105).

Davis, T.D. and Curry, E.A. (1991) Chemical regulation of vegetative growth. Crit. Rev.
Plant Sci., 10 (2), 151-188.

DeResende, G.M. and DeSouza, R.J. (2002) Effects of paclobutrazol doses on garlic
crop. Pesquisa Agropecuaria Brasileira, 37 (5), 637-641.

Dessouky, M.T.A. (1994) Physiological studies on some annual plants. M.Sc., Fac.,
Moshtohor, Zagazig Univ.

Don, C.E., Lang, G.A. and Visser, D.B. (2003) Prohexadione-Ca and ethephon reduce
shoot growth and increase flowering in young, vigorous sweet cherry. Amer. J. Hort.
Technol., 38 (2), 142-146.

Dole, J.M. and Wilkins, H.F. (1999) In Vivocharacterization of a graft-transmissible,
free-branching agent in poinsettia. J. Amer. Soc. Hort. Sci., 117 (6), 972-975.

Eyob, S. and Krishnappa, K.S. (1999) Effect of growth retardants on dry matter
accumulation, starch and sugars contents of potato grown from true po-tato seed
(TPS). Kamataka J. Agric. Sci., 12 (1-4), 243-245.

Fletcher, R.A., Gilley, A., Sankhla, N. and Davis, T.D. (2000) Triazoles as plant
growth regulators and stress protectants. Hort. Review, 24, 55-138.

Geneve, R.L. (1990) Root formation in cuttings of English ivy treated with paclobutrazol
or uniconazole. Hort., Sci., 25 (6), 709-710.

Gowda N.J.V. and Jayanthi, R. (1991) Effect of cycocel and maleic hydrazide on
growth and flowering of African marigold (Tagete serecta L.), Prog. Hort., 23 (1-4),
114-118.

Gonzalez, A., Lozano, M., Casas, J.L., Bafion, S., Fernandez, J.A. and Franco, J.A.
(1999) Influence of growth retardants on the growth and development of Zantedeschia
aethiopica. 10.17660/Acta Hort., 486.50.

Grossmann, K. (1992) Plant growth retardants: Their mode of action and benefit for

physiological research. Current Plant Sci. and Biotech. in Agric. 13: 788-797
Aethiopica. Acta Hort., 486, 333-337.

Egypt. J. Hort. Vol. 42, No.2 (2015)



EFFECT OF PINCHING AND PACLOBUTRAZOL ... 927

Henrigue, A., Campinhos, E.N., Ono, E.O. and DePinho, S.Z. (2006) Effect of plant
growth regulators in the rooting of Pinus cuttings. Braz. Arch. Biol. Technol., 49 (2),
189-196.

Kim, S.H., De Hertogh, A.A. and Nelson, P.V. (1999) Effects of plant growth regulators
applied as sprays or media drenches on forcing Dutch-grown bleeding heart as a
flowering potted plant. Hort. Techno., 9 (4), 629-33.

Kucharska, D. and Orlikowska, T. (2008) The influence of paclobutrazol in the rooting
medium on the quality of Chrysanthemum invitro plants. J. of Fruit and Ornamental
Plant Res., 16, 417-424.

Larsen,P., Harbo, A., Klungroun, S. and Ashein, T. (1962) On the biogenesis of some
indole compounds in Acetobacterxylinum. Physiol. Plant, 15, 552-565.

Lamas, F.M. (2001) Comparative study of mepiquat chloride and chlormequat chloride
application in cotton. Pesquisa Agropecudria Brasileira, 36, 265-272.

Lichtenthaler, H.K. and Wellburn, A.R. (1985) Determination of Total Carotenoids and
Chlorophylls A and B of Leaf in Different Solvents. Biol. Soc. Trans., 11, 591-592.

Mir, M.R., Lone, N.A. and Khan, N.A. (2009) Impact of exogenously applied ethephon
on physiological and yield attributes of two mustard cultivars under rain fed
conditions. Applied Biological Res., 11, 44-46.

Nasr, M.N. (1995) Effect of methods of application and concentration of paclobutrazol
on Pelargonium zonal (L.). Alex. J. Agric. Res., 40, 261-279.

Ochoa, J., Franco, J.A,, Bafién, S. and Fernandez, J.A. (2009) Distribution in plant,
substrate and leachate of paclobutrazol following application to containerized Nerium
oleander L. seedlings. Spanish J. Agric. Res., 7 (3), 621-628.

Pan, R.C. and Luo, Y.X. (1994) Effect of PP333 on growth, development and leaf
structure of Cymbidium sinense. Acta Hort., Sinica, 21, 269-272.

Pobudkiewicz, A. (2008) The influence of growth retardants and cytokinins on flowering
of ornamental plants. Acta Agrobotanica, 61 (1), 137-141.

Priyanka, T., Vikram, N., Dhiman, S.R. and Gupta, Y.C. (2015) Effect of growing
media, pinching and paclobutrazol on growth and flowering of Barleriacristata for
suitability as pot plant. Indian J. of Agric. Sci., 85 (6), 791-796.

Ruter, J.M. (1996) Application method influences Paclobutrazol growth and flowering of
New Gold Lantana. Hort. Technology, 6 (1), 19-20.

Salisbury, F.B. and C.W. Ross (1994) "Plant Physiology" 4" ed., Wadsworth Publishing
Company, Belmont, California, pp. 260-261.

Salim, H.H., Fayek, M.A. and Sweidan, A.M. (1978) Reproduction of Bircher apple
cultivar by layering. Ann Agic., Sci., Moshtohor, 78 (9),157-166.

Egypt. J. Hort. Vol. 42, No.2 (2015)



928 A.M. ABOU DAHAB et al.

SAS institute program (1994) SAS/STAT User’s Guide: Statistics Vers. 604, 4™ ed.,
SAS institute. Inc., Cary, N. C., USA.

Shanan, N.T.A. and Soliman, A.Sh. (2011) Response of snapdragon plants to pinching
and growth retardants treatments. Amer.-Eurasian J. of Sustain. Agric., 5 (2), 150-
157.

Snedecor, G.W. and Cochran W.G. (1990) "Statistical Methods", 11" ed. lowa State
Univ. Press, Ames, lowa, USA.

Symons, P.R.R., Hofman, P.J. and Wolstenholme, B.N. (1990) Responses to
paclobutrazol of potted “Hass” avocado trees. Acta Hort., 275, 193-198.

Tsegaw, T. (2006) Response of potato to paclobutrazol and manipulation of reproductive
growth under tropical conditions. Ph.D. Thesis, Pretoria Univ., p. 35.

Umberto, Q. (2000) CRC World Dictionary of Plant Names: Common Names, Scientific
Names, Eponyms, Synonyms, and Etymology. IV R-Z. Taylor & Francis US. pp. 23-
54.

Wang, S.M., Zhang, M.R. and Zhov, Z.Y. (1994) Effect of PP333 on growth and
contents of several substances in Lolium perenne. Plant Physiology, 30 (1), 15-18.

Warner, R.M. and Erwin, J.E. (2003) Effect of plant growth retardants on stem
elongation of Hibiscus species. Hort., Technology, 13 (2), 293-296.

Wikipedia (2015) The Free Encyclopedia, Russelia. www.google.com.
Yim, K.O., Kwon, Y.W. and Bayer, D.E. (1997) Growth responses and allocation of

assimilates of rice seedlings by paclobutrazol and gibberellin treatment. J. Plant
Growth Regul., 16, 35-41.

(Received 1/7/2015;
accepted 22/11/2015)

Egypt. J. Hort. Vol. 42, No.2 (2015)



EFFECT OF PINCHING AND PACLOBUTRAZOL ... 929

S Y sl o Jlslllls skl A
awa) Glis dafadiuy Ll g )

o)l ala) Guaal) a8 A 5 AL Cilale (yghil R ol daae s gl
Gt A3 3 iy ™ ¢ 5aMM daala - Al S - A il and”
Egadll 38 e - bl Sisay e - Adlal) Fhaall Gigay and 5 Gl

s - 5plall - de) ) 5l

Ao - dge ) )l Gl 3K 5e - Gliadl Gsan dgre Jidiay & il Cy o)
il g padll sadl w38 g Gulliie (pawse A jas - 3l
L @ e ey pawal @i aalaiiuy Russelia equisetiformis
Coogis e 2a) Al (3 skl CBlalaal dxaniall Jal gall 5 52 jdiall Jol sl
Yoo oNon oV e hia) Jg ISl (e Al < 38 535 (A0 e
EB e el g Sl e 31 ke e Lealatid o5 )5 (Li/pale
A (o 10) Aol Al ) Ao ] Sl B e S el 0l
) ol sanl s 5 Gkl Alales aladin) of &l G gl Gpan sall
ol sk ) el LS /Ayl gl ge ae el e Jsaasl)
O /Y1 de sal) I Ayl a0 Gilally gl
Ll i) b W siia AT (sl G sl L) Alaladl (IS )
@ X /) el ae s sdall Jshay Ayl g gl 2e 3L s
lally z ol )l Aally Ldlaa) Sy Lgime e @l o J sl

B - e e R

S8 aalge el ) gl Y Al a8 mla) Al
I sl 330 Bl Ay 835 ham L pasiaadl 315U
il sl IS 3 Ruls83) 5 sy 1S 55 55 ol
3005 N sl pale Ve 5SS Jasl AL alasia) o QIS )
il ol 933) IS il g Gilally gl (0 Al da
(Waade Vo v) SS5 Guls aladinY dan

o bl s B sTaale Yoo 5 Jp )l slSUIL ol daa) el
Aalaall i & pelal @y ) A8LaYL /Ay ) 5 Ay 5l & Y1 22 B35
dasin g o sl Gilally gzl ool sy 8 G
) dlly aiil) el e Jsanll ) jlaale Yoo 5855 J0)isiSU
/Y

Laal 5 (8 g sl (45 yal (i shail) Alale ladiingd (of SIS il Cnia f
o b Layy s S5 (1) dislS (e GBSV ssine Bl

Egypt. J. Hort. Vol. 42, No.2 (2015)



930 A.M. ABOU DAHAB et al.

ool Bl G (B () disY e (ssinall (B A 3305 ) Alelaall
Sl LeSh Y sl e FosY) G sine (& Aas 8305 ) Alelaall (i
Oo hagiall (s gl aladiu) S 2y 13 Y ) e W) gine il
SN (el sina 533 3 Jad) e (Uil/aale Y ov) Ui sISLY
B (Vpale Yov) adi el (5 siall aladin) (IS Laiy (ranssall S

Y 5l 5 iy g 5 SN (e 5 simall 35 (3 JundY)

Ol shill dlelas ?‘&“}1' C“Am Ry Oleldl) g dalad) C.\Lul\ e

Jpmmall jilaale Yo o) 00 38 55 051l gL il Alalas s 4 5ol
Adle 33 g Cold A jhe il e

Egypt. J. Hort. Vol. 42, No.2 (2015)



