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Abstract: Surface sterilization is a vital step in preparation of healthy and viable explants in tissue culture
because plants in the field are highly exposed to microbial contamination. Most surface contaminants, such as
bacteria and fungi, can be eliminated by surface sterilization with a suitable sterilizing agent. In this study three
surface sterilizing agents were used: plant preservative mixture (PPM), mercuric chloride (HgCl,) and sodium
hypochlorite (NaOCI). Different concentrations and time exposure were tested for decontamination and shoot
development of the nodal segments of Cestrum nocturnumL. in vitro. The results showed that among the three
sterilizing agents used in this study, PPM treatment at concentrations (4,6%) for 4 hours of constant shaking
were effective in terms of decontamination percentage (100), survival and viability of the nodal segments and
shoot development percentage (70%). The PPM treatment at all concentrations (1,2,4,6%) for 12 hours of
constant shaking gave all dead nodal segments, thus viability of the nodal segments was affected. Sterilization
with HgCl, at all concentrations (0.05,0.1,0.2%) for 7 minutes of continuous rinsing showed good results in
terms of decontamination (90-100%) and survival and shoot development percentages (50-60%), while (NaOCI)
at higher concentration of (50%) for 5 minutes of continuous rinsing showed satisfactory result of viability and
shoot development (50%). The numbers and percentages of contaminated and survived nodal segments were
recorded after 30 days. All Viable nodal segments developed to shoots. It had been concluded that the best
surface sterilization agent was PPM.
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1. INTRODUCTION

Cestrumnocturnum L.commonly known as night-blooming Jessamine or night queen.ltis a perennial
woody bush with glossy, smooth, simple leaves, vine-like stems and greenish, creamy white tubular
flowers. C. nocturnum belongs to the family Solanaceae (the potato family)[1]. It is native to Central
and South America and the West Indies. The farmers cultivate it in parts of the United States of
America and other parts of the world for perfumes and essential oils and in subtropical regions as an
ornamental plant for its flowers at night that are heavily perfumed[1]. C. nocturnum is probably the
world’s strongest smelling plant, the scent can reach up to 165 feet (50m) away from the location of
the plant[1].The C.nocturnum has several pharmacological activities such as antimicrobial, larvicidal,
antimalarial and antioxidant. The leaves of the plant have been shown significant bactericidal activity
[2] and Local anesthetic effect is also confirmed [3].

Plants growing in the external environments contaminated with microorganisms. Microbial
contamination of plant affect adversely in plant tissue culture. These microbes can compete for
nutrients, increase culture mortality and may result in variable growth, tissue necrosis, reduced shoot
proliferation and rooting [4]. These contaminants are not always seen during early culture stages;
some internal contaminants become visible at later subcultures and are difficult to eliminate[5] . These
external contaminants easily removed by washing in running water for 30-90 minutes and
disinfecting with surface sterilizing agents such as, fungicides, alcohols, HgCl, and NaOCI. Some of
these sterilizing agents found effective for the disinfection of explants obtained from field-grown
plants other is not. Utilizing a proper and precise sterilization procedure in tissue culture techniques
can be vital to save time and effort. However, the explants must be viable after sterilizing. Various
sterilizing agents used to decontaminate plant tissues. Some of these agents are toxic to the plant
tissues, therefore suitable concentration, exposure duration of the explants to the various sterility and
the sequences of using these sterility have to be standardized to minimize explants injury and achieve
better survival[6].
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Plant preservative mixture PPM™is a broad-spectrum biocide. PPM used as an alternative to
conventional antibiotics and fungicides as well as the common sterilizing agents to control
contamination in plant tissue culture. PPM controls microbes by penetrating the microbial cell wall
and inhibiting several essential enzymes in the citric acid cycle and electron transport chain (PCT
(1998). PPM is a good product, but it has to select the precise concentration in relation to the plant
species. The sterilizing procedure could change depending on species and season of collection.
Mercuric chloride HgCl, is extremely toxic to both plants and humans and has to be disposed of with
care. Since mercury is aphyto-toxic, it is important that many washes done to remove all traces of the
mineral from the plant material. Sodium hypochlorite NaOCI is a common choice for surface
sterilization. It is available as commercial bleach product such as Fast and Clorox and can be diluted
to proper concentrations. Explants immersed in this solution for 5-20 minutes. A balance between
concentration and time must be verified for each type of explants because of its phytotoxicity. Ethanol
is a strong sterilizing agent but extremely phyto-toxic. Thus, explants usually exposed to it for only
seconds or minutes. The more tender the tissue, the more it will be damaged by alcohol. Tissues such
as seeds, dormant buds, or unopened flower buds can be treated for longer periods of time with
alcohol since the tissue that will be explanted or will develop is within the structure that is being
surface sterilized. Generally 70% ethanol is used as pre-treatment with other sterilizing agent. In
general, ethanol sterilizes the surface, but it can dehydrate the tissues. Mercuric chloride is very strong
and very dangerous and toxic to plant and human but is effective against bacterial contamination.
PPM is none toxic agent.

The present study aimed to present an effective method for plant explants sterilization. In this study
PPM with concentrations of 1, 2, 4, 6% and time exposure of 4 and 12 h were employed to evaluate
for their sterilizing effect. Comparison was made between PPM and the two important sterilizing
agents; mercuric chloride (HgCly and sodium hypochlorite (NaOCI).

2. MATERIALS AND METHODS

The Cestrum nocturnum shoots obtained from local garden in Baghdad in March-April. Nodal
segments excised from young and healthy shoots. Before sterilization, nodal segments cut to 1-2cm
in size from the top parts of the shoots and all leaves removed. In all treatments, the nodal segments
washed under running tap water for one hour to remove microorganisms and dust particles from the
surface. These nodal segments then, exposed to surface sterilization. Three sterilizing agents, plant
preservative mixture (PPM), mercuric chloride (HgCl,w/v) and sodium hypochloride (NaOCIv/v)
(commercial brand FAST) which contain (6.2%) NaOCI as active agent with varying concentrations
and time of exposure were used to test for decontamination. Murashige and Skoog (MS1962) basal
medium that supplemented with appropriate plant growth regulators (6-benzylaminopurine (BAP)
(5mg/l) and 2,4-dichlorophenoxyacetic acid (2,4-D) (3mg/l)) were applied for shoot initiation in vitro.
Nodalsegments cultured on MS medium in universal tubes and observing them in 30 days. Ten
replicates used for each sterilization treatment, where each tube contained one nodal segment. The pH
of the medium was adjusted to 5.8 with 1IN NaOH or 1N HCI and afterward autoclaved at 121°Cfor
20 min. The cultures were maintained in growth incubator at 25+1°C for 30 days, with a 16/8 h
light/dark photoperiod under an illumination of 1000 Lux photosynthetic photonflux intensity
provided by cool- white fluorescent light. Ventilation and moisture also maintained properly in
growth incubator throughout the investigation. The ends of sterilized nodal segments were trimmed to
remove sterilizing agent affected parts/brown parts. After 30 days the percentage of contaminated,
survived and dead nodal segments were recorded.

Nodal segments were sterilized by PPM with four concentrations (1, 2, 4, 6%) for two time duration 4
and 12hours in constant shaking, HgCl,with three concentrations (0.05, 0.1,0.2%) for 7 min and
NaOCI with three concentrations (10,30, 50%) for 5 min. The nodal segments then, dried inside the
laminar airflow and finally cultured on the MS basal media in universal tubes. The nodal segments
that sterilized by PPM were first agitated for 4or 12 hour with four different concentration (1, 2, 4,
6%). Next, the sterilizing solutions removed by rinsing with sterile distilled water 4-5 times for 2min
each time. The procedure adopted with PPM sterilizing agent was that explained in the instruction by
the manufacturer (company) of the product. The nodal segments that were sterilized by sodium
hypochlorite (NaOCI), first immersed in 70% ethanol for one minute, afterward exposed to each of
the NaOCI concentrations (10, 30, 50%) for 5 min with few drops of Tween 80 were added to the
solutions. The use of ethanol and NaOClI is to reduce contamination and by adding the Tween 80 is to
enhance the coverage of the solution on all explants.
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The sterilized nodal segments were then rinsed thoroughly with sterile distilled water 3-4 times for 2
minutes each time to remove the disinfectant completely. Nodal segments were also surface sterilized
with (0.05,0.10, 0.20 %) HgCl, concentration for 7 min and then thoroughly rinsed with sterile
distilled water 3-4 times for 2 min each time to remove the disinfectant completely. In all treatments,
10 replicates made for each concentration.

3. RESULTS AND DISCUSSION

Tablel. Sterilizing agents in different concentrations with varying time duration for nodal segments of C.
nocturnum

Sterilizing agent Concentration% Time of exposure
PPM 1 4 hours of constant shaking
2
4
6
PPM 1 12 hours of constant shaking
2
4
6
HgCl, 0.05 7 minutes of continuous rinsing
0.1
0.2
NaOCI 10 5 minutes of continuous rinsing
30
50

Table2. Results of PPM treatment in constant shaking for 4h after 30 days

Concentration | Total |Contamination% No. of shoot Survival and Shoot development
% no. development %
1 10 60 1 10
2 10 40* 7 70
4 10 0.0 7 70
6 10 0.0 7 70

* one contaminated tube (with one nodal segment) developed to shoot

Table3. Results of PPM treatment in constant shaking for 12h after 30 days

Concentration Total no. | Contamination No. of shoot Survival and Shoot
% % development development %
1 10 20 0.0 0.00
2 10 0.0 0.0 0.00
4 10 0.0 0.0 0.00
6 10 0.0 0.0 0.00
Table4. Results of HJCL2 treatment after 30 days
Concentration Total |Contamination% No. of shoot Survival and Shoot
% no. development development %
0.05 10 0.0 5 50
0.1 10 10 6 60
0.2 10 0.0 5 50
Table5. Results of NaOCI treatment after 30 days
Concentration Total |Contamination% No. of shoot Survival and Shoot
% no. development development %
10 10 40 1 10
30 10 30 3 30
50 10 30 5 50

Table (1) showed the three sterilizing agents that used to sterilize the nodal segments of the plant
Cestrum nocturnum L. with different concentrations and time of exposure. The results in table (2)
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showed that contamination decreased with an increase in PPM concentration, and shoot development
increased with the increased of the PPM concentration. Results also, showed that at concentrations
(4,6%) PPM for 4 hour of constant shaking demonstrated the best decontamination and viability of the
nodal segments and shoot development. At these concentrations, 100% percentage of healthy nodal
segments and high survival and viable percentage of nodal segments that developed to shoots (70%)
were achieved, though the concentration (2%) also gave (70%) percentage of viable nodal segments
that developed to shoots but showed (40%) percentage of contamination. The PPM treatment for 12
hour of constant shaking showed the worst results at all concentrations (1,2,4,6%). Data revealed that
all nodal segments in this treatment recorded dead (100%). The death of nodal segments may be
attributed to the phytotoxicity of the PPM solution. The long exposure of the nodal segments to PPM
solution may also be toxic to the explants as showed in table (3). Nevertheless, the procedure adopted
by [7]to sterilize Arabidopsis thaliana seeds, using an overnight incubation with 4% PPM, and the
addition of 0.05% PPM to the medium did not produce any negative effects. The differences in
resultscould be explained by the fact that the viability of the explants may depend on the tissue type
and nature of the explants, which differ in their sterilization procedure requirements. In addition,
several studies demonstrated the positive effect of PPM to control the contamination and showed the
importance of using PPM at a proper concentration, which indicated to be different depending on the
plant species since the use of PPM at relatively high concentration, could have negative effects on the
development of plant tissue.

In this study, PPM was used for surface sterilization, rather than as an addition to the MS
medium.PPM is a broad-spectrum agent and effective against microorganism infection when used for
surface sterilization or as medium component. Very few experiments carried out using surface
sterilization of PPM with plant explants and most conducted on seeds. Results of our experiments at
PPM concentrations (4, 6%) for 4 hours of constant shaking were effective in terms of
decontamination and shoot development percentages. However,[8] who used PPM as surface
sterilization against explants obtained from naturally field grown A. densiflora and incubated for 20
min in PPM concentration reported that successful callus development occurred at up to 3%
concentration of PPM, but the callus initiation rate decreased at 4% PPM. They also showed that PPM
concentrations at (2-3%) were more effective at reducing contamination of A. densifloraexplants,
specifically on shoot explants, than the tested antibiotic-antimycotic mixture. On the other hand
results obtained by [9, 10] proposed that seed may be sterilized at various concentrations of PPM,
depending on the plant species. [11] also reported that PPM could prevent microbial contamination in
cucumber seed tissue culture. More experiments carried out using PPM as an addition to the medium.
[12] showed that using the PPM can effectively control contamination in the cauliflower micro-shoot
micropropagation system. The use of 0.5 ml/l PPM added to the culture medium and 1 ml/l PPM in
the blending medium found to be optimal for controlling the contamination without causing a
reduction in the effectiveness of the culture system. They also found that lower concentrations of
PPM increased the number but reduced the viability of micro-shoots produced.[13] showed that the
addition of 5 ml/l of PPM to the medium was effective in preventing the contamination of explants
obtained from greenhouse and field grown citrus trees, previously sterilized by the usual surface
sterilization methods. [14] also indicated the importance of PPM to control the contamination in
brasicca’s culture media.

The HgCl, treatment showed effective decontamination results at all concentrations with (90-100%)
percentage of healthy nodal segments. At concentrations (0.05,0.2%), the HgCl, gave complete
percentage of decontamination (100%) and survival and viable nodal segments and shoot
development percentage (50%), whereas, at concentration (0.1%) it gave (90%) decontamination
percentage and (60%) of viable nodal segments and shoot development (table 4). The NaOCI, which
is a common disinfectant in tissue culture, also showed satisfactory result. The lower concentration
(10%) showed higher percentage of contamination (40%) and lower percentage of survived nodal
segments (10%). However by increasing the concentration to (50%), NaOCI gave less percentage of
contamination (30%) and more survival and viable nodal segment percentages that developed to
shoots (50%) as illustrated in table (5). Both HgCl, and NaOCI are toxic to the plant tissues, thus,
proper concentrations of these sterilizing agents should be carefully selected. Here it observed that
some nodal segments did not survive, it was probably due to damages occurred during sterilization
procedure and/or due to damaged explants during excision. NaOCI, as weak/or mild sterilizing agent,
should be used in higher percentage to control contamination, however, HgCl, which mainly has
bactericidal action, was more effective and showed better decontamination percentages. The results of
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the experiments revealed that HgCl, showed good sterilization effect at all tested concentrations.
[12]used HgCI; at concentration of 0.1% for 5 min which resulted in minimal phytotoxicity to shoot
tip explants and presented acceptable control of contamination. However, HgCl, was phyto-toxic to
petiole explants. In these experiments, HgCI, showed better sterilization effect than NaOCL, which is
in agreement with our results, though the duration of exposure differed. Experiments achieved by[15]
showed that among the three sterilizing agents used to sterilize Aconitum heterophyllum nodal
segments, HgCl,, NaOCI and H,0,, the treatment with 0.1% HgClI, for 5 min gave 100% healthy
shoots, though they indicated that increasing concentration and time of exposure to HgClI, gave more
dead shoots. The present experimental result is also in accordance with[16] who found that among the
three disinfectants used, the HgCl, was better than NaOCI and H,0, for surface sterilization of
Pinelliaternata(Thunb.) Breit.[17] showed that sterilization with 0.1% HgCI, for 4 min is effective for
disinfecting the field grown strawberry explants intended for in vitro culture, the HgCl, treatment
resulted in maximum percentage of explants survival. However, here results are not in accordance
with [18] who showed that NaOCI was better sterilizing agent in treating potato sprout. They used two
sterilizing agents, NaOCI(1%) and HgCl, (0.1%) with three time duration 2, 5 and 8 minutes, and
found that NaOCI for 8 minute was better for controlling the infection and had not any adverse effect
on explants even in long duration.On the other hand,[19]reported that both sterilizing agents, HgCl,
and NaOCI, were effective in making clean explants of Kinnow tree. Nevertheless, [20]showed
treatment with sodium hypochlorite (NaOCI), calcium hypochlorite Ca(CIO), and (HgCl,) showed
satisfactory results and[21] also showed that the best sterilizing agents were 3% HgCl,, 3% NaOCI
which reduced bacterial contaminations up to 95%.

4. CONCLUSION

From the results obtained, it can be concluded that for in vitro culture of C.nocturnum nodal segments
sterilization, the (4,6%) PPM for 4 hour of constant shaking showed more effective for
decontamination, survival and viability of nodal segments and shoot development. HgCl, came
second and the NaOCI revealed satisfactory result at high concentration.
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