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Abstract: Solidago canadensis L.cv."Tara" belongs to family Asteraceae and grows as a wildflower in North
America, Asia and Europe. Tt is widely used as a landscaping flowering plant, an excellent cut flower with high
post harvest durability. Demand on Solidago has been rising dramatically over the past few years. This study
was carried out for the assessment of the response of S. Canadensis "Tara" to the treatment with cycocel (CCC)
as foliar spray and planting density in attempt to increase its landscape value and its quality as a cut flower.
Six CCC concentrations and two planting densities were used (0, 500, 1000, 2000, 3000 and 4000 ppm) and
(16 and 32 plants m™?), respectively. Application of 3000 ppm CCC significantly decreased plant height, leaf
area, fresh weight and mflorescence length, while application of 4000 ppm CCC increased stem diameter, fresh
weight, inflorescence length, leaf area and number of leaves, while CCC had no effect on flowering date.
Increasing planting density caused a significant delay in flowering and increased number of offsets. On the
other hand, increasing planting density reduced plant and inflorescence length, stem diameter, fresh weight,
number of leaves and leaf area. It was concluded that the best CCC concentration for cut flower Sofidago was

Z

4000 ppm, while the best planting density was 16 plants m ™.

Key words: Solidago canadensis - Planting density - Cycocel

INTRODUCTION

Solidago canadensis T.cv."Tara" belongs to family
Asteraceae and is native to North America and Mexico
[1]. Itis a wild plant but also appreciated as a landscaping
easily managed plant and as an excellent cut flower with
high post-harvest durability. Cultivation is preferably
done under cool climate conditions, during the vegetative
growing period a 14°C night temperature and a 16°C day
temperature are best, though production has proven to be
satisfactory under much higher temperatures.

Demand on Selidage has been rising dramatically
over the past few years. Plant growth retardants are
generally used 1n floriculture mdustry for height control,
lateral branching and increase flowering [2]. Most plant
growth retardants, such as paclobutrazol, daminozide and
chlormequat chloride, are applied successfully to
control height, branching and flowering in many plant
species [3, 4].

The retarding effect of CCC is due to its opposing
effect to gibberellin biosynthesis (anti-gibberllin dwarfing

effect) which leads to the deficiency of gibberellin and

blocking the conversion of geranyl pyrophosphate to
capalyl prophosphate in gibberellin synthesis causing
reduction in cell division and cell elongation [5-8]. Also
CCC affects the sub apical meristem by prohibiting cell
division [9, 10].

MATERIALS AND METHODS

The experiment was carried out m two successive
seasons, started February 2009 and ended m July of the
same year and repeated during the same period of time in
2010, in an open private commercial field provided with
drip fertigation system in Memat bani Mansour village,
Etay Elbaroud, El-Behira Governorate, Egypt (30" 54' 34,
877 N and 30" 42' 33, 78" E).

Rooted cuttings of Seolidago canadensis L. cv.
"Tara" of length 5 cm with eight to nine leaves per cutting
were bought from "3H" commercial nursery Cairo- Egypt.
Cuttings were planted in beds of length ¢ m and width 1
m in a sandy clay loam soil composed of Sand: Clay: Silt
at 65:25:10 v/v, respectively, two planting densities were
used 16 and 32 plants m ™~ (Fig. 1).
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16 plants m™
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Fig. 1: Rooted cuttings planted at two planting densities, 16 and 32 plants m~2 and irrigated using dripping irrigation
system
Tahble 1: Soil analysis
Soil texture pH ECdSm! Nmmall~! Pmmall?! Kmmall-! Organicmatter (%) MNat+ mmal 7! Car+ mmol 170 Mg+ mmal 17}
Sandy clay loam 7.7 7 0.8 0.22 0.4 07 40 9 6
Plants were irrigated using drip irrigation system and Plant height, stem diameter, leaf number and area,

grown under natural temperature and controlled day days to flowering, fresh weight, number of offsets,
lengths of (16 — 18 lighting hours per day) using number of flowering branches, inflorescence length and
Tungsten lamps for extending day length from 9 PM to 3 chlorophyll content were recorded in this study.

AM (at a rate of 15 watts m—2) with cyclic lighting of 15 Chlorophyll concentration was assayed in the

min. on and 15 min. off, the lamps were fixed at 2.5m from commercial cuf stage. It was determined according fo [11],

soil surface. absorption at 644 and 662 nm was detected using
Soil analysis was carried out in the soil testing spectrophotometer (UNICO 3200).

laboratory, Desert Development Center, American Data were subjected to analysis of wvariance

University in Cairo (Table 1). (ANOVA) using the SAS program and the mean values

Two weeks after planting, ammonium nitrate at were compared using Tukey’s test at P=0.05 level.
a rate of 0.5 g L™! w as added to the irrigation water

to all treatments for one month then substituted by RESULTS AND DISCUSSION

calcium nitrate at 0.5 g L', when the plants height

reached25 cm a compound fertilizer of N: PoOsK,0 (13: 3: A significant delay in flowering occurred due to
42) was used at the rate of 0.5 g L% increazing planting density from 120 to 126 days (Table 2).

5ix concentrations of (CCC) were used asz afoliar The delay in flowering might be due to plant response to
spray application at a concentration of 0, 500, 1000, 2000, light stress due to tight spacing which cause delay in
3000 and 4000 ppm. Cycocel was applied four times in the emergence of flowers and fruit ripening [12]. Similar
morning till running off point; the first spray was applied results were obtained by Sloan ef al. [13] on sunflower,
45 days after planting, then three applications one week Rahnama and Bakhshandeh [14] and Kazaz e¢f a/. [15] on
apart. carnatfions.

The experimental design was a Randomized Complete Number of offsetz was increased significantly by
Block Degign (RCBED) in a factorial experiment with three increasing planting density from 16 plants m™ to 32
replicates; each replicate contained three samples, the plants m~2 which is in congsistent with the results reported
main effect was the planting density and sub effect was by Bugbee and Salisbury [16]. On the other hand,
the CCC concentrations. increasing planting density caused a reductionin plant

105



Am-Euras. J. Agric. & Environ. Sci., 11 (1): 104-110, 2011

Table 2: Effect of treatments on stem height, stem diameter, Fresh weight, number of offsets, inflorescence length and number of days to flowering

Planting density Stem height cm Stem diameter cm Fresh weight g no of offsets Inflor. length Days to flowering
16 plants m—2 ns

Cl 8.7 0.35 57.0 2.4 44.2 120.6
c2 83.5 0.36 69.3 2.0 46.7 122.6
c3 85.2 0.38 82.8* 1.8 47.2 119.8
c4 83.6 0.40% 87.3* 1.6% 43.2 1181
C5 77.6% 0.41%* 57.0 2.0 375 120.2
co 8l.6 0.43+ 96.0 2.7 57.1+ 120.6
mean 82.75a 0.39a 74.93 a 213 b 46.02 a 12037 b
32 plants m™2 ns ns

C1 82.1 0.28 53.0 1.8 34.7 125.8
c2 716 0.32 39.5 2.2 274 126.5
c3 75.7* 0.32 45.4 3.0 28.7 126.5
c4 76.2 0.32 43.5 2.0 30.0 1263
C5 74.8% 0.35* 41. 7% 3.2% 32.6 1263
c6 73.5% 0.37* 61.3 3.0% 36.1 1262
mean 76.70b 0.33b 47.44 b 2.55a 31.63b 12631 a

Where C1, C2, C3, C4, C5, C6 represents 0,500,1000,2000,3000 and 4000 ppm CCC
*: means that there is a significant difference between treatments and control at P<0.05

ns: no significance between treatments

Different letter at each column means there is a significant difference between means.

Table 3: Effect of treatments on number of leaves, total leaf area, number of flowering branches, chlorophyll a, b and total chlorophyll

Planting density No of leaves Total Leaf area ecm? No of flowering branches Chlorophyll a (mg I™") Chlorophyll b (mg17!) Total Chlorophyll (mg I"!)

16 plants m™2 ns ns ns ns

C1 62.6 426.2 24 7.6 12.3 19.2
c2 64.2 444.5 2.5 7.5 11.8 19.8
Cc3 69.1 533.8* 2.5 73 10.8 18.7
C4 61.0 524.0% 2.1 7.9 11.1 19.1
(O8] 65.5 326.6*% 3.0 6.4 14.1 20.5
Cc6 74.0% 640.5% 2.6 7.9 14.5 22.4
mean 66.09a 482.65 a 2.55a 7.72a 1245a 20,37 a
32 plants m? ns ns ns ns ns ns

C1 59.0 420.3 24 7.8 10.3 18.2
Cc2 61.8 400.6 23 8.1 11.0 19.1
Cc3 60.5 341.2 2.5 7.8 12.9 20.8
C4 62.1 345.1 3.0 8.1 11.0 19.1
(O8] 63.0 362.7 1.8 8.1 11.8 19.9
Cc6 62.5 379.6 22 7.5 12.6 19.9
mean 61.52b 374.96b 241a 7.92a 11.63 b 19.10b

Where C1, C2, C3, C4, C5, C6 represents 0,500,1000,2000,3000 and 4000 ppm CCC
*: means that there is a significant difference between treatments and control at P<0.05

ns: no significance between treatments

Different letter at each column means there is a significant difference between means.

height and a significant decreased inflorescence length
and stem diameter (Table 2). These results are in
agreement with those obtamed by Ralmama and
Bakhshandeh [14] and Sloan et al. [13] on sesame and
Kazaz et al. [15] on carnations.

Number of leaves and the leaf area were reduced
significantly by mereasing planting density, the reduction
in leaf area might be due to the reduction in total number
of leaves per plant (Table 3). Similar results were obtained
by Yeh and Chiang [17].
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Fresh weight was decreased with increasing
planting density. Sinilar results were reported by ... ..[15]
[18]. The reduction

stem diameter,

and i parameters (plant
height, length, fresh
weight, number of leaves, leaf area and chlorophyll
content) ncreasing

inflorescence

due to planting  density
might be due to the excessive competition between
plants on water and nutrients and due to the reduction
in light intensity and light penetration to the lower leaves

[14,17].
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Cycocel application caused a significant reduction in
plant height, the height was reduced by mcreasmg CCC
concentration up to 3000 ppm and there was no
differences between 500, 1000 and 2000 ppm, the results
show that CCC application has a significant effect on
depressimg stem elongation at 3000 ppm reaching 76.3 cm
compared with the control 83.4 cm (Fig. 2 A).

The retarding effect of CCC is due to its opposing
effect to gibberellin biosynthesis and the reduction of cell
division and cell elongation [5, 6, 8]. Also CCC affects the
sub apical meristem by prohibiting cell division; same
results were obtained by....... [9] and [10].

The reduction in height might be due to the anti-
gibberllin dwarfing effect of CCC, which lead to the
deficiency of gibberllin and finally blocking the

comversion of geranyl pyrophosphate to capalyl
prophosphate  which is the first step in gibberllin
synthesis [7].

Increasing cycocel application caused a significant
increase in stem diameter, stem diameter was increased by
mereasing CCC concentration up to 4000 ppm (Fig. 2 B).

The increase in Solidago diameter by increasing CCC

concentration i1s in consistent with the results of ... ... [19],
oo .[20] on chrysanthemum and... ....... [21] on Vigna
unguiculata.

There were no significant differences between leaf
areas due to CCC application between control, 500, 1000
and 2000 ppm, while leaf area was reduced significantly at
3000 ppm CCC and increased at 4000 ppm (Fig. 2 C), the
increase m leaf area might be maimnly due to the increase in
number of leaves per plant at high CCC concentration
[22, 23] or might be due to the ability of growth retardants
to delay senescence of leaf, amesting chlorophyll
degradation and promoting the synthesis of soluble
protemns and enzymes resulting in more assimilation
v [24] and............. [25] on
Jasminum auriculatum found that the leaf area was

surface area.

mcreased due to CCC application from 500 to 1000 ppm.

Even CCC at 2000 ppm caused an early flowering
which 1s in consistent with. .. ... ... [26] on Nerium odorum,
the effect of CCC on date to flowering was not significant
i both studies(Fig. 2 D).

Fresh weight was reduced significantly at 3000 ppm
and increased at the highest concentration 4000 ppm,
while there were no sigmficant differences between
control, 500, 1000 and 2000 ppm CCC (Fig. 2 E). Similar
results were reported by............ [27] on black s
and.......... [21], the increase in fresh weight might be due
to the mcrease in number of offsets, number of leaves, leaf
area and stem diameter at high CCC concentrations.
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There were no significant differences in number of
offsets between control, 500 and 1000 ppm CCC, while
number of offsets increased significantly at 3000 and 4000
ppm. (Fig. 2 F). The significant increase in offsets could
be due to inhibition in the auxin activity in the plant due
to application of CCC which acts as anti-auxin [21]. High
CCC concentration could have also suppressed the apical
dominance, thereby diverting the polar transport of auxins
towards the basal nodes leading to increase in branching
[7, 21]. Similar results were obtained by....... [26].

Inflorescence length was reduced with increasing
CCC concentration while it increased significantly at the
highest CCC concentration {4000 ppm) (Fig. 2G3). The
length gh CCC
concentration might be due to the promotion of flowering
i response to treatments with CCC and related
compounds [28].

increase 1m  mflorescence at

coeeee o[ 26] found that number of flowers per plant and
the flower yield in grams increased by mncreasing CCC
viveiin.[29] mentioned that the
application of CCC at 3000 ppm increased head diameter
of sunflower. The highest number of flowers with better

concentrations.

size, weight and ultmate yield might be due to the
production and accumulation of more photosynthates
that were diverted to the sink (flower) with better
translocation n response to the suppression of apical
dominance and the increase in number of branches, leaves
and leaf area due to retardants [26, 29, 30].

There were no significant difference between number
of leaves at 500, 1000, 2000 and 3000 ppm CCC, while
number of leaves increased significantly at 4000 ppm
(Fig. 2 H). The increase in number of leaves due to CCC
application at lngh concentrations might be due to the
effect of growth retardants to delay senescence of leaves
by arresting chlorophyll degradation [25]. Sunilar results
were obtained by .....[26] and [21]. ........[31] found
that the application of CCC increased the number of

leaves significantly and the mcrease was more at higher
concentration.

There were no significant differences m chlorophyll
concentration between the contrel, 500, 1000, 2000 and
3000 ppm CCC while the chlorophyll concentration
increased significantly at 4000 ppm (Fig. 2 1).

The increase in chlorophyll b and total chlorophyll at
high CCC concentration might be due to leaf senescence
delay causing a reduction in chlorophyll degradation [24]
also CCC cause induction of greemng and initiate the
development of chloroplasts [32], similar increase in total
chlorophyll content was reported in sunflower by [31]
and............ [33].
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Fig. 1. Same letters in each graph means that there are no significant difference between treatments at P<0.05.
The effect of CCC concentrations on plant height, stem diameter, leaf area, number of days to flowering, fresh
weight, number of offsets, inflorescence length, number of leaves per plant and chlorophyll concentration.
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CONCLUSION

From the previous results it was concluded that
the best CCC concentration for cut flower Solidage
was the 4000 ppm since it gave the largest stem diameter,
leaf area, fresh weight, mflorescence length and
chlorophyll content also it reduced the plant height
significantly, while the best planting density for cut
flower Sofidago was 16 plants m™— which gave the
highest stem diameter, fresh weight,
mflorescence height, total chlorophyll, number of leaves
and leaf area also caused an early flowering. High planting
density 32 plants m™ can be used in landscaping

stem and

purposes specially if combined with CCC as foliar spray
at 4000 ppm as it gave the highest number of offsets and
the shortest stem length (shrubby plant), which also can
be used for giving a new cycle of cuttings used in
propagation purposes.

REFERENCES

1. Jeffrey, 1., IM.B. Walck and C.B. Carol, 2001. Why is
Solidago shortii narrowly endemic and 3. altissima
geographically widespread? A comprehensive
comparative study of biological traits. T.
Biogeography, 28: 1221-1237.
Keever, G.J. and W.J. Foster, 1989. Response of two
florist azalea cultivars to foliar application of a growth
regulator. J. Environ. Hort., 7: 56-59.
3. Karlovie, K., I Vrwsek, Z. Simdrak and V. Zidovec,
2004. Influence of growth regulators on the height
n the
Chrysanthemum cultivar ‘Revert’. Agric. Conspectus
Sci., 69(2&3): 63-66.
Rademacher, W., 2000. Growth retardants: effect on
gibberellin  bisynthesis and other metabolic
pathways. Annu. Rev. Plant Physiol. Plant Mol. Biol.,
51: 501-531.
5. Boldt IL. (2008). Whole plant response of
chrysanthemum to paclobutrazol, chlormequat
chloride and (s)-abscisic acid as a function of

and number of mflorescence shoots

exposure time using a split-root system. MSc Thesis.

61 pp. University of Florida.

Halevy, A.H., 1986. Recent advances in the use of

growth substances in ormamental Horticulture. Plant

Growth Substances 1985, Heidelberg, Berlin, West

Germany, pp: 391-398.

7. Moore, T.C., 1989. Biochemistry and Physiology of
Plant Hormones, 2* Ed. Springer-Verlag, Inc., New
York, NY.

109

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rademacher, W., 1993, On the mode of action of
acylcyclohexanediones — a new type of plant growth
retardant with possible relationships to daminozide.
Acta Hort., 32%: 31-4.

Fisher, R., D. Heins and H. Lieth, 1996. Modeling the
stem elongation respense of pomsettia  to
chlormequat. I. Amer. Soc. Hort. Sci., 121(5): 861-868.
Holcomb and Gohn, 1995, Poinsettia response
growth retardant  drenches sprays
Bulletin-pennsylvania-flowergrowers, 430: 1-2.
Wintermans, JF.GM. and DE. Mats, 1965.
Spectrophtometeric characteristic of chlorophyll and
their pheophyting in ethanol. Biochem. Biophys.
Acta, 2: 448-453.

Levitt, I., 1980. Responses of Plants to Environmental
Stresses. Vol. II (2 Edition). Academic Press,
London, UK.

Sloan, R.C., S.S. Harkness and K.L. Reel, 2003, Effect
of spacing on sunflower production. Annual Report
of the North Mississippi Research & FExtension
Center Bulletin, 398: 475-478.

Rahnama, A. and A. Bakhshandeh, 2006.
Determination of Optimum Row-Spacing and Plant
Density for Uni-branched Sesame in Khuzestan
Province. I. Agric. Sci. Technol., 8: 25-33.

Kazaz, S.,F.E. Tekintas and M. A. Askin, 2011. Effects
of Different Planting Systems and Densities on Yield
and Quality mn Standard Carnations. Cell & Plant Sci.,
2(1): 19-23.

Yeh, D.M. and H.H. Chiang, 2001. Growth and flower
imtiation m Hydrangia as affected by root restriction
and defoliation. Scientia Horticulturae, 91: 123-132.
Bugbee B.G. and F.B. Salisbury, 1988. Exploring
the Limits of Crop Productivity. Plant Physiol,
88: B69-878.

Sakai, K. and M. Asano, 1990. Effects of plant
density of pot culture prior to planting, numbers of

to and

lateral shoots per plant and planting systems on
growth and flowering. Research Bulletin of The
Aichi-Ken Agricultural Research Center, Nagakute,
Aichy, Japan, 22: 191-198.

Passam, H.C., A.C. Koutr1 and I.C. Karapanos, 2008.
The effect of chlormequat chloride (CCC) application
at the bolting stage on the flowering and seed
production of lettuce plants previously treated with
water or gibberellic acid (GA3). Scientia Horticulturae
116:117-121.

Chakradhar M. and S.D. Khirathkar, 2003. Growth and
flowering response of rose cv. Gladiator to certain
growth regulators sprays. South Indian Horticulture,
51(1-6): 46-50.



21.

22,

23.

24

25.

26.

27.

Am-Euras. J. Agric. & Environ. Sci., 11 (1): 104-110, 2011

Reddy, P., 2005. Effect of growth retardants and
nipping on growth and yield parameters in cowpea
(Vigna wunguiculata L.) Thesis submitted to the
University of Agricultural sciences, Dharwad.
Madalgeri, B.B. and V.M. Gamger, 1993. Mepiquat
chloide mcreases potato yield. J. Indian Potato
Association, 20(3-4): 45.

Reddy, S.8. and 5.V. Patial, 1981. Effect of growth
retardants on the yield and yield attributes of
groundnut (Arachis hypogaea 1..). Mysore J. Agri.
Sci., 15(2): 238-241.

Sridhar, P., 2006. Hormonal regulation of growth and
vield in jasmine (Jasminwm auriculatum Vahl).
Thesis submitted to the umversity of agricultural
science, Dharward.

Srivastava, G.C. and B.K. Goswamy, 1988. Influence of
benzyl leaf
photosynthesis m sunflower. J. Agron. Crop Sci.
164(1): 23-29.

Kumar, S. and K. Haripriya, 2010. Effect of growth
retardants on growth, flowering and vield of Nerium
(Nerium odorum L.). Plant Archives, 10(2): 681-684.
Nadia, M.A., SK. Nabila and A.S. Rida, 2006. Growth
and flowering of black iris (Iris migricans Dinsm.)
following treatment with plant growth regulators.
Scientia Horticulturae, 107: 187-193.

adenine on senescence  and

110

28.

29.

30.

31.

32.

33

Wittwer, S.H. and N.E. Tolbert, 1960. (2-chloroethyl)
-trimethylammonium chloride and related compounds
as plant growth substances. III. Effect on growth and
flowering of the tomato. Am. J. Bot., 47: 560-65.
Pandato, S.B. and G.C. Srivastava, 1987. Influence of
cycocel on seed yield and o1l content of sunflower.
Indian J. Plant Physiol., 30: 305-307.

Patil, BN. and M.B. Dhomne, 1997. Influence of plant
growth retardant on yield and yield contributing
characters in sunflower. J. Maharashtra Agric. Univ.,
22(2): 213-214.

Kashid, A.D., 2008. Effect of growth retardants on
growth, physiology and yield in sunflower
(Helianthus annuus L.). Thesis submitted to the
University of Agricultural Science, Dharwad.

Gowda V.N. and Gowda T.V.N. (1990). Effect of
Cycocel and maleic hydrazide on the biochemical
composition i Gundumallige (Jasminium sambac
Air). Indian Perfumer. 34: 238-242.

Kulkarni, 8.5, M.B. Chetti and D.S. Uppar, 1995.
Influence of growth retardants on biochemical
parameters in sunflower. J. Maharashtra Agri. Uni,
20(3): 352-354.



