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ABSTRACT

This experiment was carried during 2013/2014 and 2014/2015 seasons to determine the greatest period of tolerance for
storage periods at low temperature (4° C+£2) of chrysanthemum cuttings (Dendranthema grandiflora, Tzevlev) var. “Looding” ,
without any loss in the rooting percentage and the quality of the roots formed and vegetative growth and flowering parameters.
Also, to investigate the best level of IBA, NAA and root fast for chrysanthemums. All treatments of storage period (one month :
three month) significantly increased the rooting, vegetative growth and flowering parameters, total chlorophyll, total nitrogen and
total carbohydrates than cold storage for 4 month at 4 C° treatment, in the two seasons. The parameters mentioned above were
gradually decreased by the extending of the cold storage periods, i.e. 2, 3 and 4 month at 4 C°, in both seasons. Storage of non-rooting
cuttings of chrysanthemum for one month significantly increased most parameters as compared to control treatment in the two seasons.
The non-rooted cuttings of chrysanthemum were dipped for 10 min. in all auxin concentrations (IBA, NAA and root fast) used in
this study significantly increased all parameters as compared to control treatment in the two seasons. The highest concentration of
IBA (1000 ppm) surpassed significantly other rooting stimulants concentrations. The increased root fast concentration treatments
improved parameters under this study.

Keywords: Chrysanthemum (Dendranthema grandiflora, Tzevlev) var. “Looding”, non rooting cuttings, IBA, NAA, Root Fast,

Storage, Vegetative growth.
INTRODUCTION

Chrysanthemum  (Dendranthema  grandiflora,
Tzevlev) var. “Looding” belongs to Family Asteraceae.
Flowers occupy an important position in the local and
foreign markets because of their beautiful shape and
longevity in vases. It is highly attractive and charming
short day plant, which behaves both as an annual as well
as perennial flowering herb (Arora, 1990).
Chrysanthemum is one of the most common cut flowers
and of the highest economic importance in the
floriculture industry for decoration and adornment
Chrysanthemum morifolium is a perennial herb grown
well in Egypt as one of the most important cut flowers
and pot plants. Chrysanthemum is vegetatively
propagated (Verma et al., 2009 & Verma, 2012).

Short-term post-harvest storage of cuttings
allows cutting producers to regulate the market supply
during surplus production or peak demand to help
accommodate propagation and production schedules
(Lopez and Runkle, 2008). However, cuttings can
deteriorate with extended storage period due to excess
respiration, light exclusion, exposure to extreme
temperatures, moisture loss, pathogen invasion, and
ethylene (Rapaka et al., 2007). The exact influence of
storage on rooting has not been widely investigated,
storage in a cold chamber has long been known to be a
good procedure for preserving carnation cuttings
intended for rooting (Garrido et al., 2003). The survival
and rooting rates of herbaceous and woody ornamental
species can be influenced by environmental conditions
during shipping and storage (Druege et al., 2000). The
genetic properties of cold storage materials and
conditions had effects on suitable cold storage duration.
The duration and the temperature of cold storage vary
according to the plant species and variety being stored
(Nowak et al., 1990). Non-rooted carnation cuttings can
be stored for 6 months at 0°C according to Giirsan
(1986).

The important role of auxins includes stimulation
of cell division, cell enlargement, cell elongation,
continue growth of callus, differentiation of cells in
callus, root formation on cuttings, stem elongation as
well as synthesis of RNA, enzymes, protein and cell
wall components. It is well known that the success of
rooting of woody stem cuttings, in the majority of
ornamental plants and fruit trees depends mainly on the
physiological stage of the mother plant, the time of
planting of the cutting and the type of growth regulators
used (Day and Loveys, 1998 and Darwesh, 2000).
Auxin is well-known to stimulate the rooting of cuttings
(Hartmann et al., 2002). However, the most widely used
auxin for commercial rooting is IBA (Nickel, 1990).
Today, IBA and NAA are still the most widely used
auxins for rooting stem cuttings. It is well known that
auxins are required for adventitious roots initiation on
stems and it has shown that divisions of the first root
initial cells are dependent upon either applied or
endogenous auxins (Gaspar and Hofinger, 1988). The
formation of root primordial cells depends on the
endogenous auxins in the cutting and on a synergic
compound such as a diphenol. These substances lead to
the synthesis of ribonucleic acid (RNA), which act upon
root primordial initiation (Hartmann et al., 2002).

Chrysanthemums are commercially propagated
through cuttings. Pre-rooting storage of cuttings in the
dark is a common practice among growers and
companies that work and trade with chrysanthemum
cuttings. Therefore, the aim of this study was to
determine the maximum period of tolerance for storage
periods at low temperature (4C°) for cuttings
chrysanthemums without their being any loss in the
rooting percentage, the quality of the roots formed,
vegetative growth and flowering parameters. To
investigate also the optimum level of IBA and NAA for
rooting of chrysanthemum and to find an optimum
interaction between rooting hormones i.e. IBA, NAA
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and root fast levels and storage period at low
temperature (4 C°).

MATERIALS AND METHODS

The present study was carried out during the two
successive seasons of 2013-2014 and 2014-2015. The
experiment was conducted at a private farm in Talkha
region and Baramoon Experimental Research Farm,
Dakahlia Governorate, Egypt. The aim of this study was
to determine the maximum period of tolerance of
storage for chrysanthemum cuttings, optimum level of
IBA, NAA and root fast for rooting of chrysanthemums
cuttings and the optimal interaction between rooting
auxins and storage period of low temperature (4° C£2).
Plant material:

Mother plants of Chrysanthemum
(Dendranthema grandiflora, Tzevlev) var. “Looding”
were obtained from a commercial nursery in El-Kanater
El-Khaireia, El-Kalyobia region. All uniform non-
rooted cuttings (3-4 pairs of leaves and a length of 8-10
cm) were monthly taken beginning from May to
September and disinfected with Benlate (2 g/L).

Table A. Root fast composition:

The cuttings were stored in perforated bags of
polyethylene as each package consists of 12 non-rooting
cuttings and stored at (4° C+2) and RH (70-75 %) for
different durations (0-time (control), 1, 2, 3 and 4
months).

After the end of storage period the basal leaves
were removed and the bases were dipped in
indolebutyric acid (IBA) at 500 and 1000 ppm;
naphthalene acetic acid (NAA) at 500 and 1000 ppm
and root fast (Table, A) at 5, 10 and 15 ppm for 10
min. After that, cuttings were planted directly as each
cutting was planted in pots of 10 cm diameter filled by
rooting media (peat moss, vermiculite and sand (2:1:1);
kept under shade and irrigated by hand sprayer 6 times
during the day until the beginning of rooting (15 days
from planting) then transplanted to plastic pots of 25 cm
diameter filled by peat moss and sand media 1:1 (v/v).
During growth stage the plants were fertilized with 2 g /
pot NPK 20:20:20 every 15 days and irrigated every
three days. Table (B) and (C) pointed out the physical
and chemical analyses of the experimental soil,
according to Jackson (1973) and the Chemical analyses:
of peat moss according to Shotyk, (1988).

Amino acids 3.5% Triple carboxylic acids 1.0%
Vitamins 5.0% Catalysts for the growth of roots 0.5%
Algae extract 10% Boron 0.5%
Biosak 10% Zinc 0.5%
Table B. Physical and chemical analyses of the experimental soil:
Physical analyses:
Particle size distribution (%) Texture CaCO; oM
Sand Clay Silt % %
26.75 22.09 58.12 Sandy Salt 1.3 1.59
Chemical analyses:
pH EC(ds/m) Available (mg/kg)
N P K
7 225 38.98 41.75 334
Ion concentration (mmol/l)
Mg Ca™ Na" Cr HCO? SO0~
8.00 14.00 3.00 2.50 0.50 20.00
Table C. The Chemical analyses of peat moss:
K,O (ppm) P,0s (ppm) N (ppm) pH Salt content (g/L)
80 -190 70 -180 160 -70 5.7-6.5 0.7-0.9

The experimental design:

The layout of the experiment was factorial in
completely randomized design: 40 treatment (5
treatments for the storage period x 8 treatments for
rooting stimulants) x 3 replicate x 5 cuttings /replicate =
600 cuttings.

The following data were recorded:

» Data were taken after four weeks from planting for
root parameters: Root length (cm), No. of roots,
rooting % and root dry weight %.

» Data were taken after eight weeks from planting for

the following parameters:

1. Vegetative growth parameters: plant height (cm), No.
of leaves/plant, stem diameter (cm), height of offsets
(cm), No. of offsets and vegetative growth dry weight
(%).

2. Flowering parameters: No. of flowers/plant, flower
diameter (cm), peduncle length (cm) and flower dry
weight (%).

3. Total chlorophyll (mg/100g f.w.) was determined
according to Yadova, (1986).

» Chemical analysis was determined in dry samples of
leaves:

4. Total carbohydrates (mg/100 g d.w) were determined
according to Sada and Manickam (1996).

5. Total nitrogen (%) was determined according to
A.0.A.C (2005).

6. Reducing sugars was determined according to Sada
and Manickam (1996).

7. Non-reducing sugars was determined according to
Sada and Manickam (1996).

Statistical analysis:

All data were subjected to statistical analysis by
using MSTAT-C. The results were subjected to analysis
of variance (ANOVA) and the means were compared
using L.S.D. at 5 % level of probability (Gomez and
Gomez, 1984).
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RESULTS AND DISCUSSION

1- Main effect of different cold storage periods at low
temperature on quality of chrysanthemum:

It is clear from Table (1) that, all treatments of cold
storage periods significantly increased in the root parameters
[root length (cm), No. of roots/cutting and root dry weight
%] over storage for 4 months at 4C’, in the two seasons.

The root parameters were gradually decreased by the
extension of the cold storage period i.e., 2, 3 and 4 months at
4 C° respectively in both seasons. Storage of non-rooting
cuttings of chrysanthemum for one month significantly
increased the root parameters as compared to control
treatment in the two seasons.

Table 1. Number of roots/plant, root length, rooting % and root dry weight % of Dendranthema grandiflora as
affected by cold storage period in the two seasons.

Cold storage No. of roots/plant Root length (cm) Rooting (%) Root dry weight (%)
period 1"Season 2"'Season 1"Season 2"'Seaosn 1"Season 2"Seaosn 1"Season 2"'Season
Control 27.99 30.74 7.83 11.46 66.08 66.98 29.801 28.562
One month 31.64 34.67 9.17 14.25 71.66 74.02 28.591 28.548
Two month 26.64 28.89 6.43 10.51 63.54 66.40 28.812 28.010
Three month 19.33 24.98 4.53 9.24 56.33 59.61 27.758 27.192
Four month 16.61 20.01 2.70 7.90 45.24 48.98 27.514 31.157
L.S.D at 0.05 0.53 0.21 0.21 0.23 0.59 0.39 29.801 28.562
This is an agreement with non-rooted “Vittorio” reacted better to storage than the “Dianora”

chrysanthemum cuttings which stored for 5 - 6 weeks at -
0.5 - 0°C according to Hardenburg ef al. (1986). Moreover,
Agullo-Anton et al. (2011) on Dianthus caryophyllus,
mentioned that dark storage for up to 4 weeks at 5 °C
increased the percentage of early rooted cuttings and the
final number and length of adventitious roots. De Almeida
and Agrarias (2002) on Chrysanthemum cvs. (“Super
White”, “Sheena”, “Dark Orange Reagan” and “Town
Talk”) demonstrated that in winter, cold storage affected the
rooting of cuttings, mainly after two weeks of storage for all
cultivars. The rooting (%) was lower in the winter and the
cuttings could be preserved for a shorter period while during
the summer, cold storage could be up to 4 weeks without
any problem. Also, Zenciriran (2010) on two standard
carnation cvs. “Dianora” and “Vittorio, noted that the
rooted cuttings showed differences in survival rates
according to tested cultivar. Specifically, the cv. “Vittorio”
had a better reaction to long-term storage. The survival and
rooting rates of non-rooted cuttings after cold storage also
showed differences depending on the cultivar tested.

cultivar.

It is quite clear from the data presented in Table
(2) that, the cold storage of non-rooting cuttings of
chrysanthemum for one month at 4C° significantly
increased the vegetative growth parameters as compared
to control treatment, in both seasons. On the other hand,
treatments of storage period for 1, 2, 3 months and
control significantly increased in the vegetative growth
parameters [plant height (cm), No. of leave/plant, stem
diameter (cm), height of offset] as compared to cold
storage for 4 month treatments, respectively in the two
seasons. The vegetative growth parameters were
gradually decreased by the extension of the storage period
i.e, 2, 3 and 4 months at 4 C° in both seasons. This is an
agreement with Lopez and Runkle (2008) on Impatiens
hawkeri, they reported that increasing storage period
from 0 to 5 d at 0 °C induced decrease in visual quality.
Most characters were negatively affected after 16 d of
propagation by storage at <5 and >25 °C.

Table 2. Plant height, No. of leaves/plant, stem diameter, No. of offset/Plant, offset height and vegetative
growth dry weight (%) of Dendranthema grandiflora as affected by cold storage period, in the two

seasons.
Plant height No. of leaves Stem diameter No. of offsets/ Offset height  Vegetative organs

Cold storage (cm) /plant (cm) plant (cm) dry weight (%)
period lsl 2nd lsl 2nd lsl 2nd lsl 2nd lsl 2nd lsl 2nd

Season Season Season Season Season Season Season Season Season Season Season  Season
Control 3526 3928 3135 3430 1.351 1.455 16.93 19.48 6.16 7.18 30.166  32.923
One month 38.60 44.05 3451 37.69 1423 1.496 18.74 21.93 7.02 8.77 34438  32.690
Two month 3436 36.82 2955 32.74 1.305 1.403 15.52 17.87 5.49 6.44 28.598  33.029
Three month 2095 26.81 2474 27.19 1.145 1.317 15.20 15.79 5.10 5.72 26.799  33.137
Four month 12.73 17.13 2238 2485 1.028 1.108 12.17 13.26 3.46 4.33 29.062  32.259
L.S.D at 5% 0.57 0.43 0.65 0.44 0.037 0.012 0.41 0.37 0.12 0.11 - -

Data presented in Table (3) indicated that, there
are significantly increments for flowering parameters :
No. of flower/plant , flower diameter(cm) and peduncle
length(cm)when the non-rooting of chrysanthemum
were stored for 0-time ,1,2,3 months at 4C° as compared
to cold storage for 4 months treatment, in the two
seasons. The Flowering parameters were gradually
decreased by the extension of the storage period i.e 2, 3 and
4 months at 4 C° in both seasons. Storage of non-rooting
cuttings of chrysanthemum for one month significantly
increased the flowering parameters as compared to

control treatment in the two seasons .This is agreement with
the findings of Rajapakse et al. (1996) on chrysanthemum
[Dendranthema *grandiflora Kitamura] cultivars. Flowers
of plants grown from stored cuttings were smaller than
those of non-stored cuttings. In stems, sucrose and glucose
were reduced while fructose generally increased during
low-temperature storage probably due to the breakdown of
fructose. Results indicated that the chrysanthemum
cultivars varies due to low-temperature storage potential,
and the role of light is beneficial in maintaining quality of
cultivars with short storage life at low temperatures.
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Table 3. Number of flowers/plant, flower diameter, peduncle length and flower dry weight (%) of
Dendranthema grandiflora as affected by cold storage period in the two seasons.

Cold storage

No. of flowers/plant Flower diameter (cm) Peduncle length (cm)

Flower dry weight
(1)

o)

period lst an lst 2nd lst 2nd lst 2nd
Season Season Season Season Season Season Season Season
Control 5.85 7.01 6.66 6.88 12.18 14.90 40.293 33.394
One month 6.94 8.26 7.25 7.54 14.29 17.06 41.588 34.909
Two month 5.57 6.25 5.57 6.40 10.65 13.01 39.883 33.110
Three month 3.65 4.27 4.66 5.57 8.55 10.17 45.350 38.836
Four month 2.36 2.47 3.57 4.25 3.92 8.59 37.743 39.752
L.S.D at 5% 0.22 0.18 0.16 0.07 0.30 0.22 40.293 33.394
As for chlorophyll content in the leaves there gradual
decreases with the increased storage periods from two up " R ) e
four months. Whereas, non-rooting cutting of 30 7 Hpskiong vy
chrysanthemum were stored for one month surpassed g = Men- el ing sugers
significantly in chlorophyll content control (0-time) and Y
other different storage periods respectively (Fig. 1). Lopez § ig | :
and Runkle (2008) reported that chlorophyll content ;::- i - . ""““a-_._‘

reduced as storage period increased from 0 to 5 days at
0°C.
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Fig. 1. Effect of cold storage period on total chlorophyll
content in leaves of Dendranthema grandiflora, in
the two seasons.

Concerning total nitrogen content as mg/100g
d.wt. (Fig. 2) and total carbohydrates, reducing sugars
and non- reducing sugars content as
mg/100gd.wt.(Fig.,3) in the leaves of chrysanthemum
under this study recorded the same trend mentioned
above in Fig (1). The results coincided with those
reported by Kubota et al. (1995): who studied low

temperature storage potential of rooted garden
chrysanthemum  [Dendranthema x  grandiflorum
Kitamura] cultivar and its relationship  with

carbohydrate reserves. Results indicated that storage
potential of rooted chrysanthemum cuttings varies
considerably among cultivars and that the loss of
carbohydrate pools is greater in cultivars with short
storage life.
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Fig. 2. Effect of cold storage period on total nitrogen content in
leaves of Dendranthema grandiflora, in the two
seasons.
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Fig. 3. Effect of cold storage period on total carbohydrates,
reducing sugars and non- reducing sugars content
in the leaves of Dendranthema grandiflora, in the
two seasons.

2-Main effect of rooting stimulants treatments on the
quality production of chrysanthemum:

The data shown in Table (4) indicated that
pulsing non-rooting cuttings of chrysanthemum for 10
min. in all rooting stimulants concentrations (IBA, NAA
and root fast) used in this study significantly increased
number of roots/ cuttings roots, length and rooting % as
compared to control treatment in both seasons. The
highest concentration of IBA (1000 ppm) treatment
surpassed significantly the root parameters when
compared to other rooting treatments. These results
supported by Sindhu et al. (2002) who reported that IBA
at 250 ppm recorded highest number of roots per
cuttings and longest root of chrysanthemum cv. “Flirt”.
In this regard, IBA treatments recorded highest
percentage of rooting over NAA treatments at that
concentration. Maximum percentage of rooting with
IBA 400 ppm in chrysanthemum was observed by
Grewal et al. (2005). However, Abbas and Ali (2014)
observed on carnation (Dianthus caryophyllus, L.) that
immersing cuttings in NAA with a concentration of 400
ppm significantly increased rooting percentage, number
of roots/cutting. Also, Shi et al. (2013) mentioned that
treating four cultivars of pot chrysanthemums with
naphthylacetic acid (NAA) under cold storage enhanced
the rooting parameters, since, root length and root fresh
weight overall increased with 500-750 mg-L-1 NAA.
Mehrabani et al. (2016) studied that auxin concentration
and sampling time effect on rooting of Chrysanthemum
morifolium, L and Rosmarinus officinalis, L. The results
revealed that the highest rooting percentage (with three
sampling times) and survival rate for Chrysanthemum
(in August and September) was attained with 3000 mgl
- 1 NAA. The greatest roots number in September and,
root weight in August and September in
Chrysanthemum again were belonged to 3000mgl-1
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NAA. Auxin concentration had significant effect on
root number, root fresh weight and survival rate of
rosemary for both IBA and NAA, 3000 mgl-1.

The increasing in number of roots / cutting due to
auxins are known to increase the cell division by
increasing the level of endogenous cytokinins resulting
in induction of more number of root primordial,
exogenous application of auxins hastened the process of
root initiation. Also the characteristic property of auxins
was their action in stimulating the length of cells in their

relevant growth stage. It appears likely that auxins
initiate synthesis of structural enzyme proteins in the
formation of adventitious roots thus increasing the root
length through the process of acidification.

With increasing root fast concentration
treatments, the root parameters were improved.
Whereas, control treatment gave the lowest values to
(17.64 and 19.99). There was a non constant trend with
root dry weight (%).

Table 4. Number of roots, root length, rooting (%) and root dry weight (%) of Dendranthema grandiflora as
affected by rooting stimulants treatments in the two seasons.

No. of roots/cutting Root length (cm)

Rooting (%) Root dry weight (%)

Rooting stimulants 1% 2" 1% 2nd 1% 2 1% 2
Season Season Season Season Season Season Season Season

Control 17.64 19.99 3.26 7.92 45.07 47.60 29.80 27.70
IBA at 500 ppm 27.36 30.69 7.39 11.95 67.83 70.52 27.94 28.10
IBA at1000 ppm 29.75 35.88 9.77 15.28 76.55 79.34 28.26 29.93
NAA at 500 ppm 25.61 28.05 5.96 10.50 60.64 63.54 28.29 28.14
NAA at1000 ppm 28.06 32.67 8.37 13.44 70.05 73.39 27.17 27.31
Root fast at 5 ppm 20.77 22.90 4.00 7.99 51.02 53.54 29.59 29.65
Root fast at 10 ppm 22.43 25.43 4.82 8.66 55.21 57.16 28.28 28.77
Root fast at 15 ppm 23.92 27.26 5.48 9.63 58.21 60.49 28.67 27.99
L.S.D at 5% 0.34 0.41 0.23 0.29 0.38 0.46 - -

It is evident from data presented in Table (5) that the
vegetative growth parameters (plant height, No. of
leaves/plant, stem diameter, No. of offset/plant, offset
height and vegetative growth dry weight % of
Dendranthema grandiflora) as affected by rooting
hormones treatments. The increment in these parameters
was accompanied by most positive significant responses
to dipping in IBA at 1000ppm for 10min. after storage
periods and before planting as compared to other
treatments, in the two seasons. In this concern, Shahab
(2013) suggested the assessment of IBA levels and

planting time for rooting and growth of Alstonia
cuttings. IBA at 10 % gave best results among leaf area,
sprout length, stem diameter, while No. of leaves, and
survival % were best recorded when treated with IBA at
level of 5 %. IBA at 10 % level and 14™ April as
planting time resulted in overall best performance and is
recommended for Alstonia cuttings. Yeshiwas et al.
(2015) on rose cuttings treated with 1000 ppm of IBA
had shown significant positive effects on shoot fresh
and dry weights, leaf number and shoot length.

Table 5. Plant height, No. of leaves/plant, stem diameter, No. of offset/plant, offset height and vegetative
growth dry weight (%) of Dendranthema grandiflora as affected by rooting stimulants treatments in

the two seasons.

Plant height No. of Stem diameter No. of offset/ Offset height V:g:ltlat:l\;e groiw:ll:
Rooting (cm) leaves/plant (cm) Plant (cm) organs o y weig
stimulants (*0)
lst znd lst znd lst znd lst znd lst znd lst znd

Season Season Season Season Season Season Season Season Season Season Season Season
Control 19.15 22.00 19.92 19.15 22.00 19.92 9.74 10.85 3.03 3.50 25.15 3242
IBA at500 ppm 3320 37.80 33.01 33.20 37.80 33.01 18.67 20.19 6.61 7.74 34.15 31.87
IBA at1000 ppm 36.42 4595 36.33 36.42 45.95 36.33 21.27 24.97 7.49 9.74 3291 33.76
NAAat50ppm 2994 3275 29.52 29.94 32.75 29.52 16.94 18.63 6.00 6.70 30.97 32.73
gﬁj al000 3404 4054 3417 3424 4054 3417  19.60 21.69  7.02 845 3371 33.15
SooHS 2197 2530 2257 2197 2530 2257 1136 1275 365 433 2613 3228
aRt(l’g;f’a;t 24,62 2770 25.15 24.62 27.70 25.15 13.27 15.31 4.51 5.34 28.21 3297
aRt(l’(;;f,a;: 27.50 3049 27.39 27.50 30.49 27.39 14.84 16.95 5.27 6.10 30.05 33.48
L.S.D at 5% 0.41 0.53 0.51 0.41 0.53 0.51 0.33 0.35 0.18 0.19 - -

The main effect of dipping non rooted cutting in
different rooting stimulants concentrations (IBA, NAA
and root fast) before planting on flowering parameters
of chrysanthemum in Table (6) showed that each of

number of flowers/plant, flower diameter, peduncle
length and flower dry weight% of Dendranthema
grandiflora followed the same trend as mentioned
before in vegetative growth parameters (Table, 5).
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Table 6. Number of flowers/plant, flower diameter, peduncle length and flower dry weight (%) of
Dendranthema grandiflora as affected by rooting stimulants treatments in the two seasons.

No. of flowers/plant  Flower diameter(cm) Peduncle length(cm) Flower dry weight (%)
Rooting stimulants 1 2md 1 2nd 1 2™ 1™ 2™
Season  Season Season Season Season Season Season Season
Control 2.50 3.02 3.35 4.02 6.19 7.82 39.01 35.39
IBA at500 ppm 5.87 6.83 6.78 7.14 12.05 14.20 42.34 36.24
IBA at1000 pm 7.21 8.84 7.62 8.17 13.15 20.12 43.71 37.80
NAA at 500 ppm 5.04 5.63 5.75 6.35 10.55 12.37 41.87 36.24
NAA at1000 ppm 6.55 7.73 7.19 7.58 12.45 15.80 43.16 37.23
Root fast at 5 ppm 3.53 3.45 3.79 4.48 7.04 8.87 37.33 31.78
Root fast at 10ppm 3.86 4.43 4.50 5.15 8.31 10.45 38.88 32.73
Root fast at 15ppm 4.45 5.27 5.34 6.11 9.61 12.34 41.05 36.41
L.S.D at 5% 0.16 0.17 0.15 0.08 0.25 0.26 - -
Regarding the dipping treatments  of The results illustrated in Fig. (6) revealed that

chrysanthemum non-rooting cuttings in different rooting
stimulants concentration (IBA, NAA and root fast), it is
clear from Fig. (4) that most of rooting stimulants under
this study increased the total chlorophyll as compared to
control.  Generally, increasing rooting  auxin
concentrations enhanced the total chlorophyll content.
The highest total chlorophyll content was recorded by
dipping non-rooting cutting of chrysanthemum in IBA
at 1000ppm for 10min. before planting as compared to
other treatments.

As shown in Fig (5), the similar trend was
observed with total nitrogen content and total
chlorophyll content in the leaves.
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Fig. 4. Effect of rooting stimulants treatments on
total chlorophyll content in the leaves of
Dendranthema grandiflora, in the two
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Fig. 5. Effect of rooting stimulants treatments on
total nitrogen content in the leaves of
Dendranthema grandiflora, in the two
seasons.

dipping non-rooted cuttings of chrysanthemum in IBA at
1000 ppm for 10 min. before planting was more effective
on total carbohydrates and reducing sugars contents than
other treatments. Concerning non—reducing sugars, there
was non constant trend could be observed between all
treatments in this study. These results are in line those
reported by Husen and Pal (2007) on Tectona grandis,
Linn. cuttings, they found that exogenous application of
auxins, i.e. NAA and IBA had significant positive effect on
the percentage of rooting. The maximum percent rooting
was obtained with 4,000 ppm IBA as compared to other
treatments. The overall rooting response was better in the
treatment with IBA rather than with NAA. Application of
NAA and IBA to shoot cuttings resulted in an increase in
the level of total soluble sugars, starch, protein, and PER-
activity in the rooting zone.
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Fig. 6.Effect of rooting stimulants treatments on total
carbohydrates, reducing sugars and non-
reducing sugars in the leaves of Dendranthema
grandiflora, in 2" season.

REFERENCES

A.O.A.C. (2005): Association of Official Analytical
Chemists. Official Methods of analysis, 26th Ed.,
A.O.A.C. International, Washington, D.C., USA.

Abbas, J.A. and Ali, J.H. (2014). Effect of media and
naphthalene acetic acid application on rooting,
growth and flowering of carnation (Dianthus
caryophyllus L.). J. J. of Agric Sci., 10 (3): 399-
409.

Agullo-Anton, M.A.; Sanchez-Bravo, J.; Acosta, M. and
Druege, U. (2011): Auxins or sugars: what makes
the difference in the adventitious rooting of
stored carnation cuttings. J. of Plant Growth
Regulation, 30(1), 100-113.

116



J. Plant Production, Mansoura Univ., Vol. 8 (1), January, 2017

Arora, J.S. (1990): Introductory = Ornamental
Horticulture. Kalyani Publishers, New Delhi, p:
48.

Darwesh, R.S.S. (2000): Studies on propagation of
Ficus retusa cv. “Hawaii”. M.Sc. Thesis, Fac. of
Agric., Cairo Univ., Egypt.

Day, J.S. and Loveys, B.R. (1998): Propagation from
cuttings of two woody ornamental Australian
shrubs, Boronia megastigma Nees (brown
boronia) and Hypocalymma  angustifolium
Endl.(white myrtle). Austral J. Exper.Agric., 38:
201-206.

De Almeida, J.B.S.A. and Pivetta, K.F.L. (2002): Effect
of storage of cuttings on the rooting of different
cultivars of cut chrysanthemums (Dendranthema
grandiflora, Tzevlev) for two different seasons.
In XXVI Inter. Hortic. Cong.: Elegant Sci. in
Flori. 624: (379-384).

Druege, U.; Zerche, S.; Kadner, R. and Ernst, M.
(2000): Relation between nitrogen status,
carbohydrate distribution and subsequent rooting
of chrysanthemum cuttings as affected by pre-
harvest nitrogen supply and cold-storage. Annals
of Botany, 85(5), 687-701.

Garrido, G.; Cano E.A.; Arnao, M.B.; Acosta, M. and
Sanchez-Bravo, J. (2003): Polar transport of
indole-3-acetic acid in relation to rooting in
carnation cuttings: influence of cold storage
duration and cultivar. Biologia Plantarum, 47(4):
481-485.

Gaspar, T. and Hofinger, M. (1988): Auxin metabolism
during adventitious rooting. In: Davis, T.D.;
Haissig, B.E. and Sankhla, N. (Eds.).
Adventitious Root Formation in cuttings.
Portland: Dioscoride Press: 61-69.

Gomez, K.A. and Gomez, A.A. (1984): Statistical
Procedures for Agricultural Research. John
Wiley and Sons.

Grewal, H.S.; Kumar, R. and Chauhan, R. (2005):
Effect of IBA and NAA on rooting in
chrysanthemum  Journal of  Ornamental
Horticulture 8(3): 230-232.

Giirsan, K. (1986): Techniques of carnation growing.

Publications of TAV 17. Ataturk Central
Horticultural Research  Institute.  Yalova,
Turkey.p.80.

Hardenburg, R.E.; Watada, A.E. and Wang, C.Y.
(1986): The Commercial Storage of Fruits,
Vegetables, and Florist and Nursery Stocks.
handbook/United States. Dept of Agriculture
(USA). No.66 pp.130pp. ref.1082

Hartmann, H.T.; Kester, D.E.; Davies, J.R. and Geneve,
R.L. (2002): Plant propagation: Principles and
Practices, 7™ ed. Prentice hall, Upper Saddle. NJ.

Husen, A. and Pal, M. (2007): Metabolic changes
during adventitious root primordial development
in Tectona grandis Linn. f. (teak) cuttings as
affected by age of donor plants and auxin (IBA
and NAA) treatment. New Forests, 33(3), 309-
323.

Jackson, M.L. (1973): Soil Chemical Analysis. Prentic-
Hall of India-Private, New Delhi, : 144-197.

Kubota, C.; Rajapakse, N.C. and Young, R.E. (1995):
Effects of light quality on growth and quality of
invitro  plantlets during low-temperature
storage. HortScience, 30(4), 809-809.

Lopez, R.G. and Runkle, E.S. (2008): Low-temperature
storage influences morphological and
physiological characteristics of non-rooted
cuttings of New Guinea impatiens (Impatiens
hawkeri). Postharvest Biol. and Technol., 50(1),
95-102.

Mehrabani, L.V.; Kamran, R.V.; Hassanpouraghdam,
M.B.; Kavousi, E. and Aazami, M.A. (2016):
Auxin concentration and sampling time affect
rooting of Chrysanthemum morifolium L. and

Rosmarinus  officinalis L. Azarian J. of
Agric., 3(1): 11-16.
Nickel, L.G. (1990): Plant Growth Regulators.

Agricultural Uses. Springer, New York. P. 4-5.

Nowak, J.; Rudnicki, R.M. and Duncan, A.A.
(1990): Postharvest Handling and Storage of Cut
Flowers, Florist Greens, and Potted Plants.
Timber Press, Inc .

Rajapakse, N.C.; Miller, W.B., and Kelly, J.W. (1996):
Low-temperature storage of rooted
chrysanthemum  cuttings:  Relationship  to
carbohydrate status of cultivars. J. Amer. Soc. for
Horti. Sci., 121(4): 740-745.

Rapaka, V.K., Faust, J.E., Dole, J.M., and Runkle, E.S.
(2007): Diurnal carbohydrate dynamics affect
postharvest ethylene responsiveness in portulaca
(Portulaca grandiflora ‘Yubi Deep Rose’)
unrooted  cuttings. Postharvest biology and
technology, 44(3), 293-299.

Shahab, M., Ayub, G., Rahman, A., Rashid, A., Jamal,
A., and Ali, J. (2013): Assessment of IBA (indole
butyric acid) levels and planting time for rooting
and growth of Alstonia cuttings. Assessment,
3(14): 59-67

Shi, X.; Wang, Y.; Wang, C.; Fang, W.; Chen, F. and
Chen, S. (2013): Cutting propagation with four
cultivars of pot chrysanthemums. Journal of
(Zhejiang A&F University) 2013-01

Shotyk, W. (1988): Review of the
geochemistry  of  peats and
waters. Earth-Sci. Rev., 25(2): 95-176.

Sadasivam, S., and Manickam, A. (1996): Biochemical

inorganic
peatland

Methods New  Age  International  (P)
Ltd. Publishers, New Delhi.
Sadasivam, S., and Manickam, A.(1996):

Carbohydrates. Methods in biochemistry, 11-12.

Sidhu, G.S.; Singh, P.; Misra, R.L. and Misra, S.
(2002): Effect of auxins on propagation in
Chrysanthemum morifolium. In Flor. Res. trend
in India. Proc. of the Natio. Symp. on Indian
flori. in the New Millennium, Lal-Bagh,
Bangalore, 25-27 February, 2002. (P: 285-286).
Indian Soc. of Ornam.

117



Hamayl, A. F. et al.

Verma, O.P. (2012): Standardization of auxin
concentration  for  root  induction  in
Chrysanthemum morifolium. Advances in Appl.
Sci. Res., 3(3): 1449-1453.

Verma, O.P; Abha-Singh, V.; Meetu-Chaudhary, S.K.
and Shukla, A.K. (2009): Standarization of
growth regulators for rapid shoot proliferation in
Chrysanthemum morifolium. Asian J. of Bio-Sci.,
4(2): 337-339.

Yadova, U. (1986): Arapid and non-destructive method
to determine chlorophyll in intact leaves. Hort.
Sci., 21:1949-1950.

Yeshiwas, T.; Alemayehu, M. and Alemayehu, G.
(2015): Effects of indole butyric acid (IBA) and
stem cuttings on growth of Stenting-propagated
Rose in Bahir Dar, Ethiopia. World J. of Agric.
Sci., 11(4): 191-197.

Zencirkiran, M. (2010): Cold storage of rooted and non-
rooted carnation cuttings. African J. of
Biotech., 9(24): 3603-3606.

YJ\J‘Y\SAJQ‘;‘G#M‘QMMJ#M\J#M#JLA\ngﬂ‘&ﬁ%ﬂﬁuéﬁubé
odadl) clladita (g g ppdadl) (8 JEall 4L o ASl ) 38 Al
*uhlﬂ\.\pdww‘g‘fﬂ\&b@hﬁw\svwiuﬁhmﬁth‘dgu;uﬁéu.\s

Blad daaly — Ao 30 AIS A3l g padd) and
Boaad) — &30 il 38 pa — Cuibeand) &gy 2gaa

5 m Aan e VLY Jie (p3adl s ym cudl maail Yo o/Y oV g Yo  £/Y 0 VY o se SIS A jail) 038y jal

o S5 ol aaatl Ll sl 3Y1s (g sl gl 5 43S0l sl 53 sm 5 bl 2 ghal) Al bl e il o s 0
& O A Ollas aen o gl @ yedal Y ol 3 (6 s radia) Cadli gl g SR (e Gl ¢ Sl 55 gl (aes J sl
Oms i) ¢ IS Qs ) IS ¢ a3 ¢ (g mmall saill ¢ Ay il gl b 4y pina 5ol 5 ) ol (s O ¢ ) (po 5 il
Cliall mas Celal Gransall AS 820 €550 m A pa o Hsed € 3add oLl oAl & i LI G jaa g S S))
ol Cpansall D 320 €55 mdayn e Hsed £ 5 Y 5 Y JUl o o ) sae Alld) A ey () Aal)
Jie g 5l Gpans sall DS 3 J 5 i€l Alalaay 4 lie Lull) plana 3 4 sina 320 ) () e saad il J8 Y515V Jie (0 333
Cld gl 5 AN man Gl ¢ ol 3l s Jsail) ClianS V1 G 38 5 aan B @A Ve sadd dall JE YY)
el e sall DS 3 J s Sl Alebeay A jlie LWLl auan 3 Ay sine 3303 ) Aud Al a3 b deadiiall (s Guada)
335 ol LS daill clipusS of i 38 55 Bl e (5 sina 355 (Oslall e Ja Vv v v) S5 ) el il Gmes il ol

A all s LWL ares Gpead () s g ) 38 3

118



