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Abstract: In vitre seeds germination and plantlet establishment of Zinnia elegans
were studied in this report. The seeds of Z. elegans were sterilized and cultured
on Murashige and Skoog (MS) solid media supplemented with 1-3 uM of
6-benzylaminopurine (BAP) or Kinetin (KIN) and 3% (w/v) sucrose. The presence
of KIN in the medium significantly affects seeds germination. High percentage of
seeds germination (up to 90%) was successfully achieved after 3 days of culture on
medium supplemented with 1 pM KIN. The average of 3.8 leaves per explant
obtained on media weated with 3 uM BAP. Result showed that mediom
supplemented with 2 pM KIN promote the highest growth with an average of
2.72 e¢m shoot length and 1.6 e¢m root length after 3 weeks. In addition, medium
added with 2 pM BAP and supplemented with 3-4% (w/v) of sucrose promote the
best growth i.e., 8.6 mm leaf length. In conclusion, present results showed that it is
possible to improve the production of Zinnia elegans plants in vitro with using
different cytokinins and carbon sources,
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INTRODUCTION

Zinnia elegans (Asteraceae) 1s the most well known of the 20 or so species in the Zinnia
genus, The wild form is a coarse, upright, bushy annual, to 30 in (76 cm) high, with solitary
daisylike flowerheads on long stems and opposite, sandpapery, lance shaped leaves. The
ray flowers are purple, the discs vellow and black and the entire head is about 2 in (5 cm)
across. Gardeners love zinnias and there are at least a hundred cultivars in a diversity of
flower colors and types, some with flowerheads up to 6 in (15 cm) across. There are zinnias
with white, cream, green, yellow, apricot, orange. red, bronze, crimson, purple and lilac
flowers; zinnias with striped, speckled and bicolored flowers; zinnias with double,
semi-double and dahlia-like pompon flowers; zinnias that range from dwarfs that don't exceed
6 in (15 cm) in height to cut flower beauties that get 3 ft (0.9 m) tall, Newer varieties are
resistant to powdery mildew and other diseases. Old Mexico is like the wild plant with single,
daisylike flowerheads with wide purple rays (www.floridata.com).

Several researchers have noted certain advantages of using seeds that is, intact
seedlings as primary explants (Malik and Saxena, 1992a, b: Victor er al., 1999). If this method
is followed, quiescent embryonic cells are directly exposed to a hormonal stimulus,
dedifferentiation of parenchymatous cells and callus induction are bypassed, the seedlings’
integrity 1s retained and wounding is avoided.
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Cytokinins promote cell division and cell expansion in plant cell culture. In clonal
propagation of tropical fruit trees, growth is stimulated by adding a cytokinin to a
proliferation medium. Many researchers have been reported suitable cytokinin types and
their concentration for fruit crop species.

The activity of wvarious cytokinins in morphoge-netic phenomena reflects their
concentration in the tissue, which depends on the capacity for their synthesis and the
activity of various inactivation mechanisms. The most important role in cytokinin inactivation
1s assigned to the enzyme cytokinin oxidase/dehydrogenase (CKX) (Galuszka er al., 2001;
Bilyeu er al., 2003), formerly described as cytokinin oxidase (Galuszka er al., 2000).

Neibaur e7 al. (2008) showed induction of highly regenerable callus with approximately
400 shoots per cultured immature inflorescence (1 cm in length) was achieved by culturing
0.2 cm segments on media with 3, 6-dichloro-2-methoxybenzoic acid (dicamba) and
benzylaminopurine (BA). A multifactorial experiment demonstrated the combination of
dicamba and BA for induction is suitable.

Shoot formation from seedling explants of Pinus heldreichii was induced by pulse
treatment with benzyladenine at different concentration, followed by culture on medium
lacking plant growth regulators, After treatment with 222 uM benzyladenine (BA) an average
of 4.6 shoots per explant was obtained. Shoots, detached from explants, rooted with a
frequency of about 10% and rooted plantlets were successtully transferred to ex vitro
conditions (Stojicic and Budimir, 2004,

Compact Embryogenic Tissues (CET) obtained after 6-8 months of periodic subculture
on Callus Proliferation Medium (CPM) and brought to liquid CPM supplemented with
(.1 mg L™" diamba alone orin combination with 0.1, 0.5 and 1.0 mg L™' BA or KIN. After
6 times of subculture (2-3 weeks interval) dicamba with KIN (0.1 mg L") gave small
aggregates composed of round, dense in cytoplasm led to establishment of fine suspensions
in short period of time. The two PGR were proved to play an important role in both cell
viability and formation of chloroplasts in embryogenic cell suspension culture,

Callus capable of plant regeneration was initiated at a higher frequency from slices of
cormel sprouts of Gladiolus primulinus ¢v. Golden Wave, cultured in MS with 4.0 mg L™
NAA2O0mg L7 BAPorl.0mg L' 2, 4-D. Callus was maintained in callus initiation medium.
Shoots regenerated from the callus in MS with 0.5 - 2.0 mg L™' KIN or/and 0.5 - 2.0 mg L™
BAP (Sinha and Roy, 2002).

The aim of the present research was to evaluate in vifro germination and plant growth
from Zinnia elegans seeds.

MATERIALS AND METHODS

Plant Material and Sterilization Method

The experiment was conducted in faculty of Science.Islamic Azad University, Mashad
Branch, Iran (2008).

The seeds of Zinnia elegans were obtained from Agricultural Research Center of
Mahalat (Iran). The seeds were then submerged in 100% (v/v) Clorox (5.25% sodium
hypochlorite) for 15 min and finally rinsed three times with sterile distilled water to remove
traces of chlorine.

Culture Media and Culture Conditions
The basal medium consisted of full strength MS basal medium (Murashige and Skoog,
1962) and supplemented with 3% (w/v) sucrose. The pH of the media was adjusted to
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5.8 prior to the addition of 0.8% (w/v) agar. To melted the agar, the media were heated in the
oven and then distributed into conical flasks and autoclaved for 20 min at 121°C and 15 psi.
After autoclaving, the media were allowed 1o cool at room temperature. All cultures were
grown in a plant growth chamber at 25+2°C with 16 h photoperiod provided by 36 pmol/m’/s’
cool light fluorescent tube.

The seed coat was removed using scalpel blade and the seeds were cut longitudinally
prior to culturing. The halved cotyledons with embryos were aseptically placed on 10 mL of
seed germination media containing of basal media supplemented with 1, 2 or 3 uM BAP or
KIN. The medium without Plant Growth Regulators (PGRs) served as a control medium.

The stages of seed germination and development were observed weekly. The seeds
considered to be germinated by the emergence of radicle from the seeds. Percentage of seeds
germination, numbers of leaves as well as shoot height and root length were determined after
3th week of incubation. Percentage of seed germination was calculated.

Statistical Analysis

The experiments were conducted in 10 replicates per treatment. Data collected in all
experiments were analyzed by SPSS and subjected to Analysis of Variance (ANOVA). The
mean differences were tested using Duncan multiple range test (DMRT) with significant
value of p<0.05 (Khan et al., 2004),

RESULTS

The germination process started after 3 days of culture (Fig. 1). The elongation of
epicotyls was observed within 5 to 7 days on all the germination media. Maintaining seeds
in the same media up to 7 weeks resulted to formation of numerous green structures
observed along epicotyls. Shoots were then elongated along with expanded leaves 2-3 weeks
after culture (Fig. 2).

Based on the result summarized in Table 1, the highest percentage of germination
(82.6% ) was achieved in PGR-free medium followed by 82.3 or 69.6% on media supplemented
with 2, 1 and 3 pM BAP, respectively. However, the presence of KIN (1 uM )has significantly
promoted of embryo germination (Table 2). The highest number of leaves (3.840.2 leaves per

A

.

Fig. 1: Embryo germination of Z. elegans on MS medium
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Fig. 2: Elongated shoots with expanded leaves of Z. elegans on in vitre condition

Table 1: Effect of BAP concentration on seed permination of 2. efegany after 1 week of culture on M5 medium
supplemented with BAP, pH 3.8, 3% (w/v) sucrose, 0.8% (w/v) agar and grown at 2542°C with 16 h

. photoperiod

PGE Seed germination (%) Number of leaves  Leaf length (cm) Root length {cm)  Shoot length (cm)
Control R2.6 2004017 TR0 11 2.6040.1° 3.0740.1°

| ubi BAP 69.6 283402 T.80=0T 1. 14+0.17" 2. 1740.4°

2 ub BAP B2.3 2. 70H).3 8.60=0.9" 071 15 1.86H0.27
JuM BAP GH.0 3.8040.2° 7.95%1.2 1.3440,28" 2.2540,22

Values represent Mean+S013 of 10 replicates. Means followed by the same superscripted letter did not differ significantly

at (p<L05)

Table 2: Effect of kinetin concentration on seed germination of Z elegans after 1 week of culiure on MS medium
supplemented with KIN, pH 5.8, 3% (wfv} sucrose, 0.8% (wiv) agar and grown at 254£2°C with 16 h

photoperiod
PGR Seed permination (%) Number of leaves  Leaf length (cm) Root length (cm)  Shoot length (cm)
Control 82,60 2.00=40.1 1000, 1 30743 2,600, 1
1 uM KIN 92.50 2.28H0)." 7.5740.5" 1.40+0.3" 1.40+0.1%
2 pM KIN 70.50 2.361).2° 7.5940.3" 1.60+0.3" 1,690, 24"
3 uM KIN 91.17 2.00+0.0r 64325 1.2340.19" 1.2240).24°

Values represent MeantS5D of 10 replicates, Means followed by the same superscripted letter did not differ significantly
at {p=0.05)

explant) was observed on the medium supplemented with 3 uM BAP followed by media
supplemented with 1 pM (2.8340.2 leaves) and 2 pM BAP (2.7+0.3 leaves), respectively.

The KIN was superior compared to BAP in term of mean shoots height and roots height
per explant. The explants cultured on the medium supplemented with KIN obtained the
longest shoot (2.7240.15 ¢m) and the highest root height (1.620.6). Otherwise, BAP produced
larger leaves as compared to another (Fig. 2).

DISCUSSION
Cytokinins are plant hormones implicated in the regulation of various processes of

growth and development. Among their multiple activities, the effects of cytokinins on seed
germination stand apart from their role in shoot morphogenesis. Modern analytical methods

410



Res. J. Environ. Sci., 4(4): 407-413, 2010

have shown their very active metabolism in all phases of germination, from imbibition to
radicle emergence and the start of seedling establishment (Stirk er al., 2005; Chiwocha er al.,
2005). On the other hand, exogenous cytokinins have various effects on seed germination
in different species. Their promotive effects are mostly related to the alleviation of stress
factors. Kinetin was one of the growth regulators that alleviated both innate and
salinity-induced seed dormancy in many halophytes (Khan and Ungar, 1997; Khan et al..
2004). However, kinetin did not affect germination in some halo-phytic grasses (Gulzar and
Khan, 2002). Kinetin was also reported to prolong the viability of recalcitrant seeds, which
was interpreted as  possible  protection of cell membranes against oxidative stress
(Chaitanya and Naithani, 1998). In the range of concentrations used in our experiments,
cytokinins can be divided into two groups, according to their physiological activities: BAP
exhibited rather weak effects, whereas KIN constituted a very active group. In promoting
seed germination, KIN occupy the first place. The differences of leaf sizes between explant
cultured on control medium and media supplemented with various cytokinins revealed the
absolute requirement of cytokinins during leaf formation. During this stage, cytokinins are
required to drive the cell division cycle at a normal speed and to obtain the required number
of cell divisions to reach a normal leaf size. Therefore, in the absence or deficient of
cytokinins, a reduced leat size may cause mainly by a reduced rate of cell division
(Werner er al., 2001).

Mackay et al. (1995) noted the poor effect of KIN on shoot growth of Cercis
canadensis. Contrary to the present observation regarding the superiority of KIN, earlier
report indicated that the better growth and elongation of cotyledonary node culture of
Pterocarpus marsupiwm was obtained on BAP-supplemented medium (Anis er al., 2005). It
was also found that BAP was the most effective for shoot formation among other cytokinins
in the culture of Polveonatum odoratum seedling explants (Yoon and Choi, 2002). In other
plant species such as Myrica esculenta, KIN showed the best performance with regards to
shoots proliferation (Bhatt and Dhar, 2004).

The fact that in our experiments KIN acted as a very active cytokinin in seed germination
and elongation of roots and shoots, but as a weak cytokinin in leafl formation, is hard to
explain. It has frequently been reported that cytokinin action is different in different types
of cells, for instance in root and shoot apical meristems (Werner et al., 2001). Differential
uptake of exogenous cytokinins can be considered one of the causes of this phenomenon
(Auer ef al., 1999). Seed germination is most likely initiated in quiescent embryonic cells and
these cells perhaps become determined at the same tme for subsequent regeneration.
However, the stimulus for root and shoot elongation is probably perceived in the apical
meristematic cells. They may differ from embryonic cells in endogenous cytokinin content
and in uptake of exogenous hormones, Spichal ef al. (2004) have recently demonstrated that
similar cytokinin receptors differ in recognizing cytokinins as ligands, as well as in
transmitting their signals to biological processes.

CONCLUSION

In conclusion, the results presented here show that it is possible to improve the
production of Zinnia elegans plants in vitro. Moreover, Zinnia elegans seeds and seedlings
seem to be rewarding objects for further fundamental studies concerning the relationship
between cytokinins and the systems that regulate their activities. Dry seeds containing
quiescent embryonic cells represent novel objects on which to study the development of
these functions.
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