J. Agric. Sci. Mansoura Univ., 30 (11):6621 - 6633, 2005

INFLUENCE OF PACLOBUTRAZOL FOLIAR SPRAYING ON
GROWTH, FLOWERING AND SOME CHEMICAL
CONSTITUTENTS OF SWEET PEA (Lathyrus odoratus L.)

PLANTS

Gadallah, F. M. * and Sh. M. Selim**

* Botany Deparatment, Fac. of Agric., Fayoum Univ., Egypt

** Horticulture Deparatment, Fac. of Agric., Fayoum Univ., Egypt

ABSTRACT

The present investigation was conducted in the experimental area in Facuity
of Agriculture, Fayoum, Cairo University in two successive seasons of 2003/2004 and
2004/2005. The objective of this study is to investi1gate the effect of paclobutrazol
(PPa33) spraying at the rates of 10, 20 and 30 mg L™ on growth, flowering and some
chemical constituents of sweet pea (Lathyrus odoratus L)) piants. Appreciable effects
of various treatments were observed on all the studied parameters during the two
growing seasons. Spraying plants with PP333 at all rates decreased plant height, leaf
area leaf ', leaf area plant™, fresh and dry weight of leaves and branches plant”, floral
stalk length, fresh and dry weight inflorescence™ and flower™. On the other hand, No.
of branches, leaves and inflorescences plant”’ were increased in response to the
treatment of PP3a3.The flowering date as affected by PP333 spraying was detayed with
respect to chemical constituents; leaf pigments (chiorophyll a, b and total as well as
carotenoids), totat soluble carbohydrates in leaves and flowers as well as anthocyanin
concentration in flowers were increased. However, total free amino acids and total
indoles in leaves were decreased by PP33; application. Additionally, the pronounced
effect in the vegetative growth and flowering characters as well chemical constituents
were obtained when the plants were sprayed with 30 mg L. Finally, in the light of
these results, it could be concluded that to produce showy flowering pot plants from
sweet pea, the ptants must be sprayed with paclobutrazol at the rate of 30 mg L.

INTRODUCTION

Annual flowering plants are considered one of the main lines in
tandscape gardening. Sweet pea (Lathyrus odoratus L.) is one of these plants
which has many daisy like flowers available in a wide range of colours and
flower patterns, this makes it very showy flowering plant.

The production of potted plants may depends on controlling plant
height and improving the other characteristics of plant such as flowering,
flower number, plant colour and branching. Growth retardants may have an
important role in controlling these characters and improve ornamental vaiue
of plants in order to be used as flowering pot plants (Ecke et af., 1890; Martin
et al., 1994 and Matter, 2003).

Paclobutrazol (PPis:) is one of such substances which affects plant
habit and development of many ornamental plant species and produced it as
flowering pot plants. In this respect, Menesy ef al. (1989) on Senecio
hybridus, Salem et al. (1891) on Gomphrena globosa L., Ei-Sallami (2001) on
poinsettia and Matter (2003} on Althaea rosea L., confirmed that PP33; as a
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growth retardant had a great effect on growth, flowering and chemical
constituents of plants and producing compact plants.

Thus, the present work aimed to study the effect of paclobutrazol
(PP1a3) spraying at different rates on growth, flowering and some chemical
constituents of sweet pea (Lathyrus odoratus L.} plants.
Keywords:Sweet pea, paclobutrazol, growth, flowering, chemicalconstituents

MATERIAL AND METHODS

A pot trial was conducted during two successive seasons; 2003/2004
and 2004/2005 in the experimental area in the Facuity of Agriculture,
Fayoum, Cairo University, Egypt. It aimed to study the influence of PPass
foliar application on growth, flowering and some chemlcal constituents of
sweet pea plants. Seeds of sweet pea were sown on 18" September for both
seasons in 30 cm diameter clay pots filled with loamy clay soil (3 seeds for
each pot). The physical and chemical properties of used soil as analyzed by
the standard procedures of Klute (1986) and Page et al. (1982} are shown in
Table (1).

Table (1): Physical and chemicai properties of the tested soil before
sowing for both seasons.

Property 200372004 2004/2005

Physical:

Ciay% 218 221
Silt% 428 40.2
Sand% 35.5 377
Soll texture Loamy clay Loamy clay
Chemical:

pH (1: 2.5} 7.4 7.6
ECe (dS.m™) 1.55 1.72
Total N (mg 100" g) 5426 5711
Qrganic matter% 1.02 1.16
Soluble cations (mg L'):

K* 0.25 0.31
Na* 7.20 7.57
ca™ 14.30 15.03
Soluble anions {mg L™'):

S04 8.85 7.82
cr 15.00 13.06
HCO3 250 2.62

When the seedlings were in the fourth true leaf-stage (39 days after
sowing), the plants were thinned for one plant each pot and were treated as
follows:-

1- Control: untreated with PP1a4, but sprayed with distilled water only.
2- Spraying with PP335at the rate of 10 mg L
3- Spraying with PP3; at the rate of 20 mg L
4- Spraying with PPas; at the rate of 30 mg L’
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In PPa., application, suspended paclobutrazol *-(R*, R*}--[{4-
chlorophyneyl)methyi]-a-(1, 1-dimethyl)-1H-(1,2, 4-triazol)- 1-ethanol
(Kamoutsis et af.,, 1999) was diluted with distilled water to the rates of 10, 20
and 30 mg L" and sprayed on the plants to the run-off stage, three times.
The first application was conducted when the plants had 4 true leaves (39
days from sowing) and second and third sprays were applied after 10 and 20
days from the first one, respectively. However, few drops of tween-20 (as a
witting agent) were added to the spraying solution.

Recommended cultural practices for sweet pea were followed. A
complete randomized block design with 3 replicates {10 pots replicate™) for
each treatment was used. At the flowering stage, the following data were
recorded.

- Vegetative growth traits.

Plant height (cm), was recorded from pot-soil surface to the terminal
growing- tip of the plant. Also, number of branches and leaves plant”, leaf
area leaf '(cm®), leaf area plant’'(dm?) were estimated. Fresh and dry weight
of leaves and branches plant™(g) were aiso recorded

H- Flowering traits.

Flowering date (days), the number of days from sowing to the
beginning of flowering of plants in each treatment, number of flowers plant™;
each 15 days from the starting of flowering till the end of experiment for each
treatment (226 days from sowing in the first season and 230 days from
sowing in the second one), iength of florai stalk {cm), fresh and dry weight
inflorescence™’ and flower '(g) were recorded.

{il- Chemical constituents.

Leaf pigments; chlorophyll a, b and total as well as carotenoids
concentration (mg g fresh weight of leaf) were determined using colorimetric
method as described by Armon (1949). Anthocyanin content (mg 100g™ fresh
weight cf flowers) was colorimetrically determined according to Fuleki and
Francis (1968). Total soluble carbohydrates content (%) were colorimetricaily
determined in dry matter of leaves and flowers using phenol-suiphoric acid
reagent method as outlined by Dubois et al. (1956). Total free amino acids
were colorimetrically determined as described by the method of Rosein
(1957). Total indoles were colorimetrically determined by the method of
Larson et al. (1962). The obtained data were statistically analyzed and
compariscns among means of different treatments were performed using the
Least Significant Differences procedure (LSD) at p=0.05 level as illustrated
by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

I- The effect on vegetative growth.
1- Plant height
Data presented in Table (2) clearly show that, PP335 treatments at all
concentrations (10, 20 and 30 mg L") caused a significant reduction in plant
height as compared to untreated plants (control). Such reduction was
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gradually increased by increasing PP333 concentration in both seasons. The
reduction (%) in the plant height (as shown in Table 2) in the first season
was: 22.5%, 45.71% and 56.07% for 10, 20 and 30 mg L™, respectively.
While, in the second season was: 28.4%, 40.84% and 59.77% for 10, 20 and
30 mg L7, respectively as compared with the control The data revealed also
that, the hlgher the rate of PP33; applied (30 mg L ", the greater the reduction
was obtained. In this respect, the reduction in plant height induced by PP333
application might be explained on ground of the histological study conducted
by Zhaoliang et al. (1995). They retrieved that the dwarfing effect of PP333 on
the stature of the plant, arises as a result of decreasing cells length rather
than number of cells. Changes in GAg/ABA balance in PP;33- treated plants
were probably responsible for the reduction in plant height (Wan et al., 1989).
Such result may be a direct reflection of its inhibitory effect on biosynthesis of
CA; at the same enzymatic sites (Hedden and Greabe, 1984). Many
investigators reported similar findings on different crops; Hammer and Kirk
(1981), El-Masry and Barakat (1991) on potato, Ludolph (1992) on some
ornamentai plants. Lozoyasaldan (1994) on chrysanthemum, Mojecka and
Kerin (1995) on pepper, Kamoutsis et al. (1999) on Gardenia jasmoides L.,
Osman (2000) and Nassar et al. (2001) on sweet pepper and Matter (2003)
on hollyhock.

Table (2): Effect of PP3;; on vegetative growth traits of sweet pea during
2003/2004 and 2004/2005 seasons.

Fresh  Dry Fresh Dry
Plant No.of No. of Leaf Leaves wt. of wt.of wt of wt. of

Treatment height branchfs leavef 'z;raefa‘ pT;i:“' leaves leaves branchfs branch1es
{cm) plant’ plant cm)  (dm? plant” plant’ plant’ plant
(g {g) {g) (g)
2003/2004
Control 70.00 9.33 79.75 2540 20.26 4848 1724 4857 13.28

PP333(ppm)
10 4525 11.00 101.50 16.11 16.35 40.51 13.55 4227 10.06
20 38.00 13.00 13550 10.02 13.57 3524 1182 37.10 7.89
30 30.75 16.67 178.01 5.11 909 26.14 7.76 32.88 5.13
LSDo.05 6.45 1.15 9.31 3.82 256 3.81 2.98 4.03 2.19
2004/2005
Control 73.00 820 8311 23.11 1921 4653 18.83 50.49 13.60
PPys(ppmy)
10 50.12 1114 11715 13.18 1544 4198 1491 47.25 11.16
20 43.19 1511 146.21 8.07 11.79 32.32 10.77 41.08 8.18
30 29.37 1803 18115 533 965 2714 832 36.93 6.34
LSDo.os 5.36 219 1319 242 1.72 313 1.83 2.08 1.71

2- Number of branches plant”

Paclobutrazoi concentratlons expressed a significant influence on
number of branches plant in both seasons (Table 2). Increasmg PPaas
concentration significantly increased number of branches pIant as compared
with the control. The increase (%) in branches plant™ in the flrst season was.
17.89(%), 39.39(%) and 78.67(%) for 10, 20 and 30 mg L™ respectively.
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While, in the second one, the increase was: 35.85(%), 84.26(%) and
119.87(%), respectively as compared with the control. Generally, it could be
concluded that increasing PPia; concentratlon associated with the gradual
increase in number of branches plant’. These results may be due to that
PPi33 caused a stopping apical dominance phenomenon (Maus, 1987 on
Hibiscus and Adham, 2001 on hollyhock).

3- Number of leaves plant™

As clearly shown in Table (2), spraying plants with PP33; at any
concentration increased the number of leaves plant” over the control. The
increases were significant in the two seasons as compared with the control.
The increases (%) in the number of leaves plant' over the control were
79.93%, 98.74% and 135.87% in the first season for 10, 20 and 30 mg L™,
respectively and 77. 05%, 127.66% and 143.17% in the second season for
10, 20 and 30 mg L', respectively. Such increase in the number of Ieaves
plant” might be attnbuted to the increase in the number of branches plant”
which resulted from overcoming the apical dominance by PPsi3;. Similar
results were obtained by Osman(2000) and Nassar et al. (2001) on sweet
pepper and Adham (2001) and Matter (2003) on hollyhock.

4- Leaf area leaf”’

Data presented in Table (2) elucidate the influence of PPai33
concentration on leaf area leaf'. The application of PPj; treatments
significantly decreased Ieaf area leaf ' in both seasons as compared with the
control. The leaf area leaf ' was decreased by 8.35%, 51.65% and 83.46% m
the first season by spraying with PP3; at the rates of 10, 20 and 30 mg L™
respectively. While in the second season, the decrease was: 17.48%, 42. 97%
and 73.47% for 10, 20 and 30 mg L™, respectively. In general, the Ieaf area
leaf” was decreased with increasing the rate of PPa3s. This reduction in leaf
area leaf ' in PPaias-treated plants may be due to the reduction in cell division
(Helal, 1993 on Euphorbia pulcherrima L., Ruter, 1996 on Lantana camara L.
and Nassar et al., 2001 on sweet pepper).

5- Leaf area plant™

The results in Table (2) show that, the PP333 treatments affected leaf
area plant” by the trend as in the Ieaf area Ieaf‘ in both seasons. However,
the depressive effect of PP333 on leaf area plant™, clearly demonstrated that
the enhancing effect of PP333 on number of Ieaves plant' was not able to
overcome its depressive effect on leaf area. Latimer (1992) proved similar
results on tomato and Helai (1993) on Euphorbia pulcherrima.

6- Fresh and dry weight leaf”

In both seasons, the treatments of PPs33 significantly decreased the
fresh and dry weight of the leaf as compared with the control (Table 2). The
differences between PPaia; concentratlons were significant. The results show
also that, the fresh and dry weight leaf’ of PPsss-treated plants decreased
with increasing the concentratlon of PP333. However, the higher values of low
PP333 concentrations (10 mg L") as compared to the other ones (20 and 30
mgL ) could be discussed on the base that PPaiss-treated plants at low

6625




Gadallah, F. M. and Sh. M. Selim

have higher content of dry matter than the higher concentrations (Steffens
and Wang, 1984).0n the other hand, the depressive effect at high
concentrations of PP333 could be due to the drastic internal shading within the
compacted canopy (Pombo et al., 1985).

7- Fresh and dry weight of branches plant™

The obtained results in Table (2) show that all treatments of |PP333
affected the fresh and dry weight of branches plant” by the trend as in the
fresh and dry weight of leaves plant” in both seasons.

li- The effect on flowering.
1- Flowering date

Paclobutrazol concentrations imposed a significant influence on the
number of days to flower in the two seasons with a similar trend in| both
(Table 3). Increasing PPs33 concentration significantly delayed the flowering
date as compared to the control. The higher rate of PP33; (30 mg L") proved
to be the most effective in this concern. The retarding effect of PPas; on
flowering date could be related to the role of PP33; on delaying senescence of
the vegetative organs preceding flowering (McArthur and Eaton, 1987) which
probably attained due to the increase in nutrients acquisition. Such results
are in accordance with those obtained by Nassar et al. (2001) on sweet
pepper and Adham (2001) and Matter (2003) on hollyhock.

Table (3): Effect of PP,3; on floral traits of sweet pea during 2003/2004
and 2004/2005 seasons.
Length
Date of of Fresh wt.of  Dry wt.of
Treatment flowering floral inflorescence inflorescence

Fresh Dry
wt.of .of
flower flower

(days) ?‘!t;l‘l)( {9) (9) @  (9)
2003/2004
Control 92 17.25 1.358 0.267 0.403 0.077
PP333(ppm):
10 97 13.50 1.275 0.220 0.315 0.058
20 102 11.63 1.122 0.196 0.302 0.044
30 121 9.13 0.800 0.143 0.288 0.030
LSDg.os 4 1.31 0.062 0.019 0.011 0.012
2004/2005
Control 98 15.63 1.240 0.230 0.360 0.066
PP333(ppm):
10 106 12.25 1.160 0.190 0.310 0.051
20 119 10.13 0.940 0.157 0.214 0.040
30 125 9.01 0.687 0.119 0.182 0.026
LSDy s 6 1.07 0.062 0.027 0.021 0.010
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2- Flora! stalk length

Floral stalk length was significanily decreased by PPs; treatments in
both seasons as compared with the control (Table 3). The shortest floral stalk
was obtained from PPa; at the rate of 30 mg L. The floral staik length was
decreased by 21.74%, 32.58% and 41.13% {(in the first season) and
decreased by 21.63%, 35.19% and 42.35% (in the second season) for 10, 20
and 30 mg L, respectively, as compared with the control. The differences
between PPj;; concentrations were significant. Similar results were obtained
by Selim and Ei-Khateeb (1988) on Sencio cruentus and Wang and Dunlap
{1984) on Hibiscus rosa-sinensis L.

3-Fresh and dry weight inflorescence™ and flower™

Datg in Table (3) show that, PP3x treatments led to a significant
decrease in fresh and dry weight inflorescence™ as compared with the control
in both seasons. Fresh and dry weight inflorescence” was decreased as the
PPas; concentration increased in both seasons The same trend was
observed with fresh and dry weight flower’ The aforementioned data
indicate that, the obvious effect of PPja; is to restrict the piant height as well
as the increase in the number of inflorescences and consequently, the fresh
and dry weight was decreased. These results are in harmony with that of
Menesy et al. (1989) on cineraria and Matter (2003) on hollyhock.

4- Number of inflorescences p!ant'1

Paclobutrazol concentrations exerted a significant effect on number
of inflorescences plant” (Tabie 4). The trend was similar in both seasons. All
concentratlons of PPj3; significantly increased the number of mﬁorescences
plant” over controf. Also, data show that the number of inflorescences plant™
as affected by PPi;3 treatments progressively increased with advancing in
plant age after the starting of flowering (15 days interval from flowering till the
end of experiment in both seasons; 226 in the first season and 230 in the
second one). In each season, the increase in the inflorescences plant” was
paraiiel to the mcrement in PPa3; rate with a significant only betWeen the high
studied rate (30 mg L") and the other ones (10 and 20 mg L™). While, the
differences between 10 and 20 mg L was not 5|gmfcant However, as
compared with the controi, No. of inflorescences piant’ at the end of
experiment was increased by 98 99%, 123.74% and 168.65% in the first
season for 10, 20 and 30 mg L', respectively, while, in the second season
the increase was: 80.97%, 103.24% and 148.88% for 10, 20 and 30 mg L’
respectively. The positive effect of PPaaz on the number of mﬂorescences
ptanf’ might be resulted from diversion of the assimilates into flower
development, possibly due to the reduced demand by the roots (Wilknson
and Richards, 1987). Also, these findings are in agreement with the resulis
obtained by Nishizawa (1993) on strawberry, Osman (2000) and Nassar ef al.
(2001) on sweet pepper and Matter (2003} on hollyhock.
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Table (4): Number of inflorescences 15 days’ from the starting of
flowering and total inflorescences plant” during
2003/2004and 2004/2005 seasons.

Total No. of inflorescences plant™

Treatment 15 30 45 60 75 90 105
{days from the starting of ﬂowering)
2003/2004
Control 2.25 4.75 6.50 11.20 19.15 26.20 43.80
PPsas(pom):
10 6.00 11.00 15.75 19.83 2746 49.06 87.16
20 6.25 12.00 17.40 2237 30.47 5510 98.00
30 12.00 21.50 27.83 34 .83 4587 74.87 117.67
LSDoos 3.1 6.07 519 8.01 7.13 11.08 17.18
2004/2005
Control 2.1 5.09 7.01 14.00 21.18 30.43 5713
PPass(ppm):
10 5.30 9.02 13.70 21.22 30.15 53.00 103.06
20 6.11 10.30 15.17 24 .25 34.60 6175 116.11
30 9.75 18.80 29.00 37.60 41.13 8211 142.19
LSDg 05 2.31 4.05 6.19 7.15 8.01 13.17 20.51

lll- The effect on chemical constituents.
1- Leaf pigments concentration {Chlorophyll and carotenoids)

Data presented in Table (5) clearly show that, PPi;, treatments
increased leaf pigments concentration as compared with the control in both
seasons. The differences between all concentrations of PPais; treatment and
control were significant. The increase in leaf pigments was gradually
increased as the concentration of PFas, increased. The increases in the leaf
pigmentis linked with increasing concentration in PP3a; might be attributed to
the character of PP333 on depressing leaf area which lead to intensification of
pigments in leaf. On the other hand, for the expianation of the incremental
effect of PPs33 on chioroplast pigments, it could be illustrated on the basis that
PP3a; treatment stimulated the endogenous cytokinins synthesis and there is
an intimate relationship between cytokinin and chiorophyll metabolism in the
leaf i.e. cytokinins retard chiorophyll degradation, preserve it and increase its
synthesis. Besides, cytokinins activate a number of enzymes participating in
a wide range of metabolic reactions in the leaves. These reactions included
the maturation of proplastid into chlcroplasts {Kutaeva, 1979). Similar findings
were reported by Robert and Cuiver (1983) on sunflower, Park and Lee -
(1989) on pepper, Helal {1993) on poinsettia, Lee and Kwack (1995) on
Hibiscus syriacus, Osman (2000), Nassar ef al. (2001) on sweet pepper and
Matter (2003) on hollyhock.
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Table {5): Effect of PP33;; on leaf pigments at the starting of flowering of
sweet pea during 2003/2004 and 2004/2005seasons.

Chiorophyil
Treatment (mg g fresh wt.) Carotenoids
A B T (mg g fresh wt.)
2003/2004
Control 1.090 0.629 1.719 0.290
PPias(ppm):
10 1.185 0.750 1.935 0.318
20 1.256 0.861 2.117 0.358
30 1.753 1.067 2.820 0.405
LSDg.os 0.071 0.093 0.137 0.019
2004/2005
Control 0.969 0.517 1.486 0.279
PPass{ppm):
10 1.058 0.601 1.659 0.337
20 1.143 0.811 1.954 0.381
30 1.507 1.113 2.620 0.442
LSDg.0s 0.072 0.067 0.149 0.032

2- Anthocyanin concentration.

All concentrations of PPss; significantly increased anthocyanin
concentration as compared with the control in both seasons (Table 6). The
differences between all concentrations of PPj3;; were significant in both
seascns. This increase in anthocyanin concentration was due to that these
treatments significantly increased t{otal carbohydrates content and
consequently increased the production of this pigment. These results are
confirmed by those of Helal (1993) on Euphorbia pulcherrima and Matter
(2003) on hoilyhock.

3- Tota! soluble carbohydrates

As shown in Table (6), total scluble carbohydrates in leaves and
flowers increased with increasing PPaaa rates in both seasons. This increase
was significant between the three studied rates of PP3s; and control in both
seasons. Moreover, the data indicate that total soluble carbchydrates content
of flowers was higher than that of leaves for all treatments {control and all
rates of PP533). In general, it is noticed that, the high rate of PPs33 (30 mg L)
is more effective in increasing total soluble carbohydrates content. These
results are confirmed by those of Wielander and Wample (1981) on apple,
who stated that PPja, increased the rate of total carbohydrates content as a
result of increasing photosynthetic rate, which in turn may be due to the
increase in chlorophyll concentration (Table 3).

4- Total free amino acids

It is clear from the results in Table (6) that total free amino acids
concentration was gradually decreased as PP;33; concentration increased in
both seasons. The treatments of PPa;; led to a significant decrease of total
free amino acids concentration in leaves as compared with control in both
seasons. Also, the differences between the rates of PPss; were significant in
the two studied seasons.
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Tabie (6): Effect of PP;;3; on some chemical constituents of sweet pea
during 2003/2004 and 2004/2005 seasons.
Total solubte Total free  Total indoles  Anthocyanin

Treatment carbohydrates  amino acids {mg g” fresh (mg100™g fresh
(%) {mg g 'dry wt. wt. wt. of flowers)
Leaves Fiowers of leaves) of leaves)
2003/2004
Controi 3.96 6.04 1.797 1.286 58.55
PPaas(ppm):
10 479 8.33 1.471 0.858 104.38
20 6.04 10.62 1.225 0.705 132.38
30 7.08 12.29 1.144 0.572 178.21
LSDo.0s 0.70 1.47 0.069 0.102 18.13
2004/2005
Control 4 99 6.17 2.450 1.500 55.17
PPaax(ppm):
10 5.82 7.60 1.703 1.143 98.09
20 7.29 9.17 1.309 1.030 125.22
30 8.12 10.10 1.212 0.657 163.89
LSDg.os 0.59 0.87 0.082 0.071 21.11

5- Total indoles

Data presented in Tabie (6) show that the PP, treatments significantly
decreased the total indoles concentration in leaves of pea plants in both
seasons as compared with control. Such inhibitory effect of PP;3; on total
indoles concentration was directly proportional to the used concentration of
PPaas. In this respect, the differences batween all concentraiions of PP are
significant. However, the decrease in the concentration of total indoles in
response to the different rates of PF;3; may be attributed to the depressive
effects of PPs3; on auxins synthesis system and/or the stimulative effects of
PP333 0n the activity of |AA oxidase and growth inhibitors {Hathout, 1996).
Finally, in the light of these results, it could be concluded that to produce
showy flowering pot plants from sweet pea, the plants must be sprayed with
paclobutrazol at the rate of 30 mg L™ (at the fourth leaf stage).
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