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ABSTRACT 

This study was conducted to investigate the effect of different in vitro techniques on elimination of dahlia mosaic 

virus. Meristems of Dahlia mosaic virus (DMV) infected dahlias, with 0.2-0.3 mm in length, were cultured on 

Murashige and Skoog (MS) medium. Based on DAS-ELISA, 100% of the survived plantlets by meristem culture 

were virus-free. DMV infected stem segments with two axillary buds were treated at three different levels of 

electric currents (15, 25 and 35 mA) and two time courses (10 and 20 min) in an electrophoresis tank and 

cultured on MS medium. The treatment of 35 mA for 20 min was the best for viral elimination from diseased 

dahlias by 85% followed by 25 mA for 20 min by 70%. Acyclovir and salicylic acid were the antivirals were used 

to eliminate DMV from the infected dahlias. For chemotherapy, nodes were cultured on MS media supplemented 

with antivirals at 0, 10, 20, 30, 40 and 50 mg/l for 20 and 30 days. The highest concentration of acyclovir (50 

mg/l) for 30 days were the best treatments as its highest effectiveness on elimination ability (90.67%) but gave 

only 49% for plantlet survival. Whereas 40 mg/l acyclovir for 30 days gave elimination ability (80%) and plantlet 

survival (89.67%). The therapy containing salicylic acid at 40 mg/l for 30 days was the best as its highest 

effectiveness on DMV elimination ability (100%). But the concentration of salicylic acid at 30 mg/l for 30 days 

was the best treatment (chemotherapy efficiency= 49.21) as well as DMV elimination ability (75.33%) and plant 

survival (65.33%). The in vitro developed dahlia plantlets were tested for DMV-freeness using DAS-ELISA. The 

using therapies (electrotherapy and chemotherapy) can play a good role in virus elimination because they need 

the minimum period of time to regenerate fully developed healthy plants as long as 2-3 months. 
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 وآخرون نيَروةي                                                                                674-665:(2(51: 2020-مجلة العلوم الزراعية العراقية 

 ازالة فايروس موزائيك الداليا بتقانات زراعة الأنسجة بواسطة زراعة المرستيم القمي، المعالجة الكهربائية و الكيمياوية
 نبيل عزيز قاسم .3        مصلح محمدسعيد دهوكي    .2       زليخا عبدالوهاب عبدالجليل نيَروةي   .1

 الزراعية، جامعة دهوك، عراق.علوم هندسة، قسم الوقاية النبات، كلية مدرس. 1
 ، عميد جامعة دهوك، عراقاستاذ . 2

 ، قسم الوقاية النبات، كلية الزراعة و الغابات، جامعة موصل، عراقاستاذ . 3
 المستخلص

المختبر على القضاء على فايروس موزاييك الداليا. تم تربيت مرستيمات النباتات الداليا المصابة ب  في ةأجريت الدراسة لمعرفة تأثير تقنيات مختلفوقد 
DMV  موراشيك و اسكوك. تم الحصول على نباتات داليا خالية من الفايروس باستعمال تقانة زراعة المرستيم ملم في وسط  0.3-0.2، مع طول

%. وتم التأكد من خلوها من الفايروس باختبار الاليزا. تم علاج شرائح الجذعية المصابة 100الخالية منه هي  القمي وكانت نسبة النباتات المتحصلة
دقيقة في  20و  10ملي أمبير( ولفترتي  35و  25و  15مع اثنين من البراعم الإبطية في ثلاثة مستويات مختلفة من التيارات الكهربائية ) DMVب 

لمدة عشرين دقيقة هي الأفضل في ازالة الفايروس من نبيتات الداليا  mA 35. وكانت المعاملة بقوة MSوسط الزرعي خزان الكهربائي وزرعت في 
اسايكلوفير وحامض السالسيلك لإزالة  ي%. استعمل مركب70دقيقة بنسبة ازالة  20لمدة  mA 25%، ثم تلتها المعاملة بقوة 85وبنسبة ازالة 

و  20و  10و  0مع مركبي بنسبة  MSبالزراعة النسيجية. بالنسبة للعلاج الكيميائي ، تم تربيتها العقد على وسط الزرعي الفايروس من نباتات الداليا 
يوم أفضل النتائج في  30ملغم/لتر ولمدة  50يوم. وأدى استعمال  مركب اسايكلوفير بالتركيز الأعلى وهو  30و  20ملغم/لتر لمدة  50و  40و  30

 30لمدة  ملغم/لترو 40%. فيما أعطت المعاملة بالمركب بتركيز 49% ولكن كانت نسبة بقاء النبيتات منخفضة وهي 90.67، وبنسبة ازالة الفايروس 
يوم هي  30ملغم/لتر لمدة  40بتركيز  السالسيلك %.وكانت المعاملة بحامض89.67% ونسبة بقاء النباتات 80يوم نسبة ازالة للفايروس وصلت الى 

(، تم 49.21يوم كانت أفضل )كفاءة المعاملة الكيميائي =  30ملغم/لتر لمدة  30% . ولكن تركيز 100زالة الفايروس والتي وصلت الى الأفضل في ا
. يمكن أن تلعب المعاملات المستخدمة دورًا جيدًا في DAS-ELISAباستخدام  DMVاختبار نباتات الداليا المتطورة في المختبر للتأكد من خلوها من 

 أشهر. 3-2لة الفايروسات لأنها تحتاج إلى الحد الأدنى من الوقت لانتاج النباتات السليمة تمامًا ما بين ازا
 .، التيارات الكهربائية، المواد الكيمياويةنسيج مريستيمي ،DMVالكلمات المفتاحية: استئصال 
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INTRODUCTION 
Dahlia (Family Asteraceae) is an important 

ornamental crop which is important for its 

flowers and widely grown in several countries. 

Several viruses are known to infect dahlia. 

Dahlia mosaic virus (DMV) is the distinct 

caulimovirus that found to be associated with 

dahlia mosaic diseases (8) that considered 

being the most important and prevalent plant 

pathogenic virus that has economic impact on 

dahlia flower production (30). DMV virion is 

icosohedral particle, 48-50 nm in diameter, 

consists of double stranded DNA (dsDNA) 

genome with a size about 7 killobase pairs 

(42). It is well established that the viral 

diseases in different crops lead quantitative 

and qualitative losses of the flowers a plant 

produced (30,35). Virus control is very 

difficult because virus replication inhibitors 

have shown to be having toxic effects on the 

host plant cell. This is the main reason for 

using of micro-propagation techniques to 

eliminate virus (9,40). Tip meristem culture is 

the most commonly used method to obtain 

plants free of virus (36). Morel and Martin 

(22) first demonstrated the elimination of 

viruses from dahlia using meristem culture. 

Since the use of meristem culture to obtain 

virus-free ornamental plants has been widely 

used by numerous groups of researchers (38). 

Electrotherapy has been applied by using 

electric currents on infected plant tissues for 

virus elimination from any part of the infected 

plants especially the vegetative propagules. 

The chemicals used in chemotherapy are 

antivirals incorporated in to culture media with 

a known capability to stop virus replication 

and their natural and synthetic varieties are 

tested for their potential to eliminate DNA and 

RNA plant viruses (35). The requirements of a 

useful antiviral chemical is its abilities to 

inhibit multiplication and spread of the virus; 

be selective enough not to harm the host plant; 

have broad-spectrum activities against a 

number of viral diseases; move systemically in 

the host; and have not harmful effects on the 

environment. Sharma et al. (37) studied the 

effect of acyclovir in vitro that was one of the 

best chemicals that inhibit virus in the infected 

plants. Exogenous salicylic acid application 

induced antioxidant systems to reduce 

oxidative stresses caused by pathogen 

infection (41,45) especially viruses (14). Tian 

et al. (43) found that salicylic acid inhibits the 

replication of plant viruses. This study was 

conducted to evaluate the effect of meristem 

tip, different levels of electric currents and 

varying concentration levels of antivirals 

(acyclovir and salicylic acid) in the elimination 

of Dahlia mosaic virus (DMV) from infected 

dahlias. 

MATERIALS AND METHODS 

In spring of 2016 and 2017, young leaf 

samples of symptomatic dahlia plants (mosaic, 

systemic vein clearing, necrotic spots, stunting 

and malformation) collected from various 

gardens and nurseries of Duhok governorate/ 

Iraq. The collected leaves were used for virus 

isolation. The developed plants from cultured 

dahlia seeds with four fully expanded leaves 

were inoculated mechanically with virus 

isolated. 

Diagnosis of DMV: The presence of DMV 

was detected in infected dahlia leaves using 

double antibody sandwich (DAS)-ELISA. The 

DMV antiserum kit was requested from 

SEDIAG Company, France. The diagnosis of 

the virus performed according to the manual 

instructions of kit. 

DMV elimination 

Meristem culture: Dahlia shoots that contain 

3-5 axillary buds were collected from the 

greenhouse grown dahlias infected with DMV. 

The excised shoots were kept under running 

tap water before sterilization. The binocular 

microscope was surface sterilized by 70% 

ethanol. Forceps and scalpels were sterilized 

on flame burner. The shoot disinfestations 

were done by using 1% HgCl2 and 2 drops of 

Tween-20 and shaking for 5 min, in a laminar 

airflow cabinet. The treated shoots were 

washed with sterilized distilled water three 

times, 5 minutes for each washing. The leaves 

protecting the meristem were removed and the 

meristem was excised with 0.2-0.3 mm length 

under the microscope. The excised meristem 

contained meristem tip with one or two leaf 

primordia (Fig. 1). The explants were 

inoculated in glass jars containing MS medium 

supplemented with 0.5 mg/l IAA and 0.25 

mg/l GA3. The developed meristems, after 4 

weeks of inoculation, were subcultured into a 

new media with the same composition. The 

plantlets when reached to an average length of 
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5 mm with few leaves were subcultured into 

multiplication medium supplemented with 0.0, 

0.5, 1.0, 1.5 and 2.0 mg/l
 
BA and 0.25 mg/l

 

GA3. The plantlets with 3-4 cm height were 

transferred into a full and half strength media 

containing different concentration of IBA (0.0, 

0.5, 1.0, 1.5 and 2.0 mg/l) to induce rooting 

(12,27). Well developed plantlets with root 

systems were taken out from the controlled 

environment. The plantlets were washed 

thoroughly under running tap water to remove 

the medium. Then, the plantlets were 

transplanted into a sterilized peat-moss in 

addition of benlite (2g/l) and kept at room 

temperature for 10 days to contact normal 

temperature. After hardening-off period, the 

developed plants transplanted into a tightly 

controlled atmosphere of the greenhouse (28). 

 
Figure 1. The excised meristem tip from 

shoot tip of dahlia plant containing apical 

dome with two leaf primordia under light 

microscope. X=40%. Bar=0.1mm 

Electrotherapy 
The most vigorous stems of DMV infected 

dahlias were selected and used for 

electrotherapy. Stem segments with two 

axillary buds were treated at three different 

levels of electric currents (15, 25 and 35 mA) 

and two time courses (10 and 20 min) in an 

electrophoresis tank (20). Electric currents 

were supplied by an electrophoresis power 

supply. The treated axillary buds were 

removed from stem segments and cultured on 

MS medium supplemented with BA (2 mg/l) 

and GA3 (0.25 mg/l), after sterilizing with 

0.1% mercuric chloride for 5 min. Effects of in 

vitro electrotherapy treatments on virus 

elimination and regeneration of plantlets were 

studied using ten replicates. Symptomatology 

test was used for viral presence in the 

developed explants. Efficiency of the therapy 

was estimated according to the following 

formula: efficiency of therapy = virus 

elimination percent × percent of plantlet 

regeneration (32). 

Chemotherapy: Stem cuttings with one or 

two leaf nodes cut from DMV infected plants 

and cultured on MS medium containing two 

antivirals including acyclovir and salicylic 

acid (23,33). Acyclovir and salicylic acid were 

added at 0, 10, 20, 30, 40 and 50 mg/l. The 

chemicals were applied into MS medium just 

after autoclaving. Shoots were cultivated on 

these types of media for 20 and 30 days and 

transferred into the medium containing plant 

growth regulators without antivirals. Well 

developed explants tested for viral presence 

using symptomatology. Percentage of survived 

cuttings counted for each concentration after 

20 days of treatment (6,47). Efficiency of the 

therapy was estimated according to the 

formula mentioned in electrotherapy. The in 

vitro grown explants were incubated at 25± 

2ºC under 16/8 hrs (light/dark) photoperiod 

provided by fluorescent tubes at 1000 lux light 

intensity in growth chamber. Treatments were 

consisted of ten glass jars with three replicates 

and the factorial experiment within Complete 

Randomized Design (CRD) was used. All data 

were statistically analyzed with computer 

using SAS program (34). The difference s 

between various treatment means were tested 

with Duncan Multiple Range test at 5% level. 

RESULTS AND DISCUSSION 

Diagnosis of DMV Using DAS-ELISA 
Positive reactions were observed in diagnosis 

of DMV in infected dahlia leaves and tubers 

by using DAS-ELISA that was characterized 

by yellow color as a response of the specific 

antigen (DMV) to its specific antibody. The 

colorless columns show the negative reaction 

that indicated the absence of the virus particles 

as well as viral infection in the leaves and 

tubers of the symptomless plants. The result 

was agreed with Nerway et al. (29). 

DMV elimination 

Meristem Culture: The cultured dahlia 

meristems with 0.2-0.3 mm in length 

containing apical dome with two leaf 

primordia on MS medium succeeded in 

survival with a percentage of 50% and 
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developed entire plant parts. The inoculated 

meristems showed good response of 

development at initiation stage after two 

subcultures. Table 1 shows in vitro growth 

patterns of D. pinnata taken after four weeks 

of culture. The shoots number and the shoots 

height were positively correlated with each 

other where the value of highest mean was 

recorded in MS medium containing 2.0 mg/l
 

BA and 0.25 mg/l
 
GA3 (shoots number: 3.14, 

shoots height: 5.58 cm). The lowest shoots 

number and the shoots height were recorded in 

control treatment (1.28 and 2.5 cm). 

Table 1. Effects of BA concentrations on 

multiplication of dahlia meristems. 

BA+GA3 (mg/l) 
Shoot Height 

(cm) 

Shoot 

Number 

0.0+0.25 

(Control) 
2.50 e 1.28 b 

0.5+0.25 3.14 d 1.42 b 

1.0+0.25 3.92 c 2.10 b 

1.5+0.25 4.78 b 2.16 b 

2.0+0.25 5.58 a 3.14 a 

* Means within a column, row and their interactions 

followed with the same letters are not significantly 

different from each other according to Duncan’s 

multiple range tests at 5% level. 

After analyzing the data, the effect of IBA on 

rooting stage of multiplied dahlia shoots is 

presented in table 2. The results shows that the 

cultured dahlia shoots responded positively to 

IBA supply to MS media by root development 

and increasing the roots number and roots 

length by increasing IBA concentration to a 

specific. The mean of media strength shows 

that roots number and roots length of dahlia 

explants increased significantly in the full 

media strength (3.14 and 4.86 cm) compared 

to half media strength (2.46 and 4.03 cm). On 

the other hand, the mean effect of IBA shows 

that the lowest and the highest roots number 

were recorded in MS media supplemented 

with 0.0 and 1.0 mg/l IBA, respectively (1.46 

and 3.88) while the lowest and the highest 

roots length were recorded in the media 

containing 0.0 and 1.5 mg/l IBA (0.75 cm and 

9.00 cm).  

Table 2. effect of IBA concentrations, in full and half strength MS media, on rooting of dahlia 

shoots. 

IBA (Mg/l) 

Roots Number Roots Length (cm) 

Media Strength Media Strength 

Half 

Strength 

Full 

Strength 

Half 

Strength 

Full 

Strength 

Half 

Strength 

Full 

Strength 

0.0 1.33 c 1.60 d 1.46 d 0.67 e 0.83 d 0.75 d 

0.5 1.83 c 2.70 c 2.26 c 2.33 d 4.00 c 3.16 c 

1.0 4.17 a 3.60 b 3.88 a 4.67 b 5.00 b 4.83 b 

1.5 3.17 b 5.80 a 2.99 b 8.67 a 9.33 a 9.00 a 

2.0 1.83 c 2.00 d 1.91 d 3.83 c 5.17 b 4.50 b 

Mean of media 

strength 
2.46 b 3.14 a 

 

 
4.03 b 4.86 a  

* Means within a column, row and their interactions 

followed with the same letters are not significantly 

different from each other according to Duncan’s 

multiple range tests at 5% level.  

The required time for developing the meristem 

explants to become rooted plantlets was as 

long as seven months. The rooted plantlets 

were successfully acclimatized in sterilized 

peat-moss with a survival rate of about 95%. 

The developed plantlets were tested for DMV-

freeness using DAS-ELISA. Moreover, the 

percentage of the virus freeness in regenerated 

plantlets was 100%. Several techniques were 

evaluated for the ability to eliminate viruses 

from infected plants. Effects of meristem 

culture and electrotherapy were studied 

comparatively by Pazhohandeh et al. (32) 

indicating that the efficiency of each technique 

is dependent upon the cultivar-virus system 

and the intensity of the virus eradication 

treatment. After 10-20 days of meristems 

incubation, they were checked for their 

response to in vitro culture by gradual 

increasing in size and color change. The 

observation showed that the color of the grown 

meristems changed to green due to chlorophyll 

development. Disappearance of green color 

indicated the absence of chlorophyll 

development. Addition of growth regulators to 

MS medium plays an important role in shoot 

growth (9). Mehmood et al. (18) found that 

Plantlets developed in M.S media 

supplemented with 0.25 mg/l of GA3 produce 

maximum plant height, more number of nodes, 

reduced no. of days to root initiation and took 

less number of days to transferable height of 
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the plant. Different combinations of GA3 and 

IAA within MS medium influenced in vitro 

shoot regeneration of meristem tip culture. 

This combination showed the best result for tip 

meristem development and shoot length 

improvement (6). Ibrahim and Daraj (2015) 

found that 2.0 mg/l BA gave the highest 

significant response to shoot formation. The 

inclusion of auxins, like IBA, in culture 

medium has a positive effect on in vitro 

rooting of the shoots (39). Depending on the 

results, DMV could not introduce meristem 

with 0.2-0.3 mm height. Similar results have 

been noticed by Sedivá et al. (38) who 

eradicated DMV from infected plants by 

meristem-tip culture. Hull (11) reported that 

0.2-0.3 mm meristem-tips with two leaf 

primordia were used for virus elimination. He 

reported that if the taken tissues include 

slightly expanded leaf primordia, the survival 

and growth of meristems would be greatly 

improved but at the same time increased the 

chance of virus entrance. Meristem culture 

provides an economical and reproducible 

method for producing virus-free plants. As 

meristem-tips are free from pathogens, virus 

eradication and regeneration of virus-free 

plants are possible through this technique. The 

efficiency of virus elimination will be different 

based on the virus and its host genotype (19). 

The principle of this technique depends on that 

many viruses are unable to infect the 

meristematic cells of the growing points of the 

plants. It remains still unclear that why the 

meristem has no virus, so there are several 

suggestions that may responsible of high 

protection against viruses. In meristematic 

cells, high metabolic activity and chromosome 

replication during mitosis may inhibit virus 

multiplication through interference with the 

metabolism of viral nucleic acid, so the virus 

may lose its ability to replicate (25). 

Meristematic tissues have the highest auxin 

concentration than other plant tissues. It has 

been suggested that auxin may inhibit the 

multiplication of the virus (10). Vascular 

tissue is a supporting element for rapid 

dissemination of viruses. Because of the 

absence of differentiated cells, the viruses that 

infect plant systemically have no ability to 

enter the meristematic tissues. Gene silencing, 

the process that is very active in meristematic 

tissues, is a mechanism that acts to defense the 

plant against viruses. This phenomenon may 

act as a restrict mechanism to inhibit the virus 

multiplication (1,11). In general, the small size 

of the meristem increases the chance of virus 

elimination while the larger sizes increase the 

survival chances (15,21). Meristems smaller 

than 0.2 mm have no ability to survive and 

those larger than 0.7 mm produce plants 

carrying virus (1). Tip-meristems larger than 

0.5 mm were used in combination with some 

therapies such as electrotherapy (17). 

Electrotherapy 
Plants were regenerated successfully from all 

electrotherapy treatments. The treatment of 35 

mA for 20 min was generally the most 

effective among the treatments in elimination 

of DMV at 85% and then 25 mA for 20 min at 

70%. The treatments of 15 mA for 10 and 20 

min had no effect on virus elimination (Tab. 

3). Regenerated control plantlets without 

electrotherapy treatment were positive for 

DMV (Tab. 3). Depending on the formula 

(Efficiency of therapy= virus elimination 

percent× plantlet regeneration percent/ 100), 

the efficiency of electrotherapy was estimated 

(32). The treatments of 35 mA for 20 and 10 

min were the most efficient (55.25% and 

52.50%), respectively, among the treatments in 

regenerating the in vitro cultured dahlias and 

also in eradicating of DMV. The required time 

for developing the treated explants to become 

rooted plantlets was as long as 2-3 months. 
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Table 3. Effects of electric currents in period of time on DMV elimination and survival of 

dahlia plantlets. 

Electrotherapy 
Plantlet 

Survival 

 (%) 

DMV 

Elimination 

% 

Electrotherapy 

Efficiency 

% 

Electric 

Currents 

(mA) 

Period 

(min) 

0.0 - 100 a 0.0 e 0.0 e 

15 
10 90.0 b 0.0 e 0.0 e 

20 88.0 b 0.0 e 0.0 e 

25 
10 85.0 b 35.0 d 29.75 d 

20 75.0 c 70.0 b 52.50 b 

35 
10 70.0 d  60.0 c 42.0  c 

20 65.0 e 85.0 a 55.25 a 

* Means within a column, row and their interactions 

followed with the same letters are not significantly 

different from each other according to Duncan’s 

multiple range tests at 5% level. 

Earlier attempts to eliminate some plant 

viruses using different electric current of 7 

(46) and 15 mA (5) resulted in decreasing the 

level of virus titer in regenerated plantlets. 

Despite of the level and duration of 

electrotherapy, and plant genotype the 

efficiency of electrotherapy may be affected 

by structural differences between plant viruses 

as well as DMV has an isometric body. In 

addition to the limitations of conventional 

methods in virus elimination, their efficiency 

is also relatively low when compared with 

electrotherapy (32). Regenerated control 

explants without electrotherapy were tested 

positive for virus indicating that diminishing 

virus titer was due to electrotherapy and not to 

the in vitro regeneration. The electrotherapy 

technique described here was successful in 

eliminating dahlia mosaic virus. For 

production of virus-free plantlets, in addition 

to virus elimination, the efficiency of plant 

regeneration is also important because the 

adverse effects of electrotherapy may hamper 

the growth of dahlia plants (32). The 

regeneration rate of the treated plantlets was 

generally negatively affected by increasing the 

intensity of electrotherapy power, in such a 

way the highest regeneration was observed in 

treatment of 15 mA for 10 min, followed by 25 

mA for 10 mA and 35 mA for 10 min. 

Treatment of 35 mA for 20 min led to the 

lowest regeneration percentage of 65% while 

showing the highest virus elimination rate of 

85% (Tab. 3). Similar levels of regeneration 

have also been reported in earlier studies, 

including regeneration rates of 40 to 100% 

(5,32). There were no noticeable 

morphological differences among the 

regenerated plantlets (31). Electrotherapy is a 

simple and faster protocol of virus eradication, 

compared to conventional virus elimination 

techniques, without the need to use of any 

especial or expensive equipment (32). Based 

on our results, this method can be used as an 

effective technique for virus eliminating. 

Conditions of electrotherapy may differ 

depending on host-virus system, so it is 

important to determine the optimal 

electrotherapy treatment conditions for a 

desired host-virus system.Further studies are 

necessary to investigate the possible use of this 

protocol in other plant species especially 

vegetatively propagated ornamental plants. 

Chemotherapy 
The concentration of each antiviral influenced 

the number of the survived plants. There was a 

significant difference between the treatments 

in the number of the regenerated plants. 

Depending on the results showed in Tab.4 and 

5, the proportion of the obtained virus-free 

plants was increased by increasing the 

concentration of both antivirals. The highest 

concentration of acyclovir (50 mg/l) for 20 and 

30 days were the best treatments as its highest 

effectiveness on elimination ability (90.67%). 

On the other hand, depending on 

chemotherapy efficiency, 40 mg/l of acyclovir 

for 30 days (the longest incubation period) was 

the best treatment (71.73%) as its highest 

effectiveness on elimination ability (80%) and 

plantlet survival (89.67%). The result was 

close to that of Dewanti et al. (5) who found 

that acyclovir produces 100% in vitro virus 

free plantlets. 
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Table 4. Effects of different concentrations of acyclovir in period of times on the survival (%) 

and DMV elimination (%) of the in vitro initiated dahlia plantlets. 

Acyclovir 

Conc. 

Period of 

Time (Day) 

Initiated 

plantlets 

Plantlet Survival 

(%) 

DMV Elimination 

(%) 

Chemotherapy 

Efficiency 

% 

0.0 - 20 100 a 0.0 h 0.0 g 

10 
20 20 100 a 0.0 h 0.0  g 

30 20 100 a 0.0 h 0.0  g 

20 
20 20 100 a 11.0 g 11.0 f 

30 20 100 a 14.33 f 14.33 f 

30 
20 20 100 a 35.67 e 35.67 e 

30 20 94.33 b 51.67 d 48.74 c  

40 
20 20 95.0 b 65.0 c 61.75 b  

30 20 89.67 c 80.0 b 71.73 a 

50 
20 20 65.33 d 90.0 a 58.79 b 

30 20 49.0 e 90.67 a 44.42 d 

-* Means within a column, row and their 

interactions followed with the same letters are not 

significantly different from each other according to 

Duncan’s multiple range tests at 5% level. 

Table 5 shows the effects of different 

concentration of salicylic acid and incubation 

period affecting the response of plantlets on 

DMV elimination. The therapy containing 

salicylic acid at 40 mg/l for 30 days was the 

best as its highest effectiveness on DMV 

elimination ability (100%). At the same time, 

According to the therapy efficiency, the 

concentration of salicylic acid at 30 mg/l for 

the longest incubation period (30 days) was 

the best treatment (chemotherapy efficiency= 

49.21) as well as DMV elimination ability 

(75.33%) and plant survival (65.33%). The 

result was in agreement of that of Mahfouze et 

al. (16) and Mwangangi et al. (24). They 

found that the used chemicals are effective in 

viral elimination. The plants obtained from the 

control treatments (0mg/l) resulted in 100% 

plant regeneration which all of them were 

positive to virus presence. 

Table 5. Effects of different concentrations of Salicylic Acid in period of times on the survival 

(%) and DMV elimination (%) of the in vitro initiated dahlia plantlets. 

Salicylic Acid 

Conc. 

Period of 

Time (Day) 

Initiated 

plantlets 

Plantlet Survival 

(%) 

DMV Elimination 

(%) 

Chemotherapy 

Efficiency 

% 

0.0 - 20 100 a 0.0 g 0.0 g 

10 
20 20 100 a 0.0 g 0.0 g 

30 20 100 a 0.0 g 0.0 g 

20 
20 20 100 a 9.67 f 9.67 f 

30 20 89.67 b 26.0 e 23.31 e   

30 
20 20 75.33 c 59.33 d 44.69 b 

30 20 65.33 d 75.33 c 49.21 a 

40 
20 20 45.0 e 79.33 b 35.69 c 

30 20 30.33 f 100 a 30.33 d 

50 
20 20 0.0 g 0.0 g 0.0 g 

30 20 0.0 g 0.0 g 0.0 g 

* Means within a column, row and their interactions 

followed with the same letters are not significantly 

different from each other according to Duncan’s 

multiple range tests at 5% level.  
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Effect of chemotherapy on DMV elimination 

from infected dahlia explants was influenced 

by the used antiviral compounds and the levels 

of concentration. Toxicity to plants and 

antiviral activity was more pronounced in 

higher concentrations of 50 and 30mg/l of both 

acyclovir and salicylic acid respectively as 

evidenced by discoloration of leaves. This 

high toxicity resulted into high mortality of 

plants and then low survival rate of cultured 

explants. Increasing in acyclovir 

concentrations typically increases the 

effectiveness of virus elimination, but at 

higher concentrations especially at 50mg/l 

slowed plant growth and phytotoxicity was 

evident. The required concentrations of many 

antivirals, that is necessary to inhibit virus 

multiplication, are very close to that point 

induce toxicity for host plants (26) thus at 

40mg/l and 30mg/l survival rates decreased 

slowly but the number of the produced healthy 

plants was higher for both acyclovir and 

salicylic acid. In general, antivirals at effective 

low concentrations hinder virus replication. 

This concentration however needs to be below 

as well as acyclovir is not highly toxic to the 

plant at 40mg/l but its phytotoxicity increased 

more and more at 50mg/l. Although salicylic 

acid had the lowest survival rates at 40mg/l, it 

resulted higher proportion of healthy plants 

while at 50mg/l it induces high toxicity 

resulted into full mortality of in vitro cultured 

explants. Salicylic acid is a phenolic 

compound synthesized in plant in response to 

viral infection which is essential for local and 

systemic resistance (13,44). It plays a vital role 

in signaling plant resistance to the infection 

while there is little information about its 

mechanism (43). Biosynthesis of salicylic acid 

is activated on recognition of viral effectors by 

R gene products. Activation of interaction 

induces several responses to inhibit virus 

multiplication at the site of infection (3,7). It is 

also responsible for activation of systemic 

acquired resistance in distal tissues that 

reduces the effects of secondary attacks (2). 

The present study demonstrated that meristem 

culture, electrotherapy and chemotherapy are 

the techniques that can be used for in vitro 

elimination of DMV. Depending on the results 

and based on the efficiency of the therapies, 

chemotherapy using acyclovir (40mg/l for 30 

days) is the best treatment can be used to 

produce in vitro DMV-free plants (efficiency 

of therapy=72%). Then, electrotherapy at 

35mA for 20 min gave good results (efficiency 

of therapy=61.75%) for this purpose. The used 

therapies can play a good role in virus 

elimination because they need the minimum 

period of time to regenerate fully developed 

healthy plants as long as 2-3 months. 
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