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ABSRTACT 
 

Three polycyclic aromatic hydrocarbons “PAHs” (fluoranthrene, benz (a) anthracene and benzo (a) pyrene) 
are pollutants from petroleum products, had significantly retarded seed germination of tomato (Lycopersicon 
esculentum. Mill) and alfalfa (Medicago sativa L.) and their early seedling growth. This was obvious at 
relatively higher doses of benzo (a) anthracene to tomato seeds at start of germination. Benzyladenine (BA) 
slightly improved germination at level 10-4 M. Root length and fresh weight of alfalfa showed significant and 
pronounced decreases at PAHs treatment especially at 10-4 M. Excised root culture of tomato and alfalfa verified 
that benzo (a)  pyrene decrease root growth. Application of benzyladenine at 10-4 M minimize the detrimental 
effect of PAHs on alfalfa and tomato root growth. 
 
Key words: Polycyclic aromatic hydrocarbon, Benzyladenine, Tomato, Alfalfa, Seed germination, Root growth, 

Excised root culture, Benzo (a) pyrene. 
 
Introduction 

 
Many researches were carried out on abiotic pollutants on plants. For example, seed germination and early 

seedling growth of alfalfa progressively inhibited by increased salinity concentration in the media (Farissi et al., 
2011, Gao et al., 2011), by ten antibiotics (Hillis et al., 2011), by heavy metals (Aydinalp et al., 2009). The 
adverse harmful effects of polycyclic aromatic hydrocarbons (PAHs) existed as exhausts of petroleum in soil, air 
and water at harmful range to all living organisms were extensively documented (Edwards, 1983; Henner et al., 
1997). Many of PAHs could induce cancer in animal and human cells (see Lemaire et al.,1990 and O’Donovan, 
1990). The adverse effects of PAHs on seed germination of grasses, Legumes and other plant species were 
reported, involved freshly contaminated soils or subjecting the seeds to solutions of PAHs (Ren et al., 1996; 
Henner et al., 1999, Smith et al., 2006 and sharifi et al., 2007). Kathi and Khan (2011) reported that plants are 
utilized to clear up contaminated soil including PAHs, taking advantage of their natural ability to take up, 
accumulate and/or degrade constituents of their soil and water. 

Benzyladenine (BA) is a plant bioregulator belong to cytokinin group involved in many physiological 
processes plant growth and development especially cell division (Takeno et al.,1992). Cytokinin could 
encourage induction of root emergence of various seeds at low levels (Erikson, 1974, Dey and Choudhuri, 1982, 
Reyes et al., 1991). Cytokinin including BA could induce cell division of excised root tissue and accompanied 
by great changes in protein (Butcher et al., 1988 and Reynold, 1990). Benzyladenine induced regeneration of 
tomato somatic embryogenesis and shoot organogenesis (Newman et al., 1996). Endogenous cytokinin might 
stimulate tomato shoot regenation (Tezuka et al.,2011). Seed germination and root growth could serve as a basis 
to screen the potential environmental impact effects of PAHs. 

In the present work, BA was applied to alleviate the harmfull effects of PAHs (fluoranthrene, benz (a) 
anthracene and benzo (a) pyrene) on seed germination and root growth of tomato and alfalfa as well as their 
excised roots growth. Tomato (Lycopersicon esculentum L.) is an international important vegetable plant, while 
alfalfa (Medicago sativa L.) is one of the major forage crops with good quality and high yield in semi-arid 
environment. Benzyladenine treatments of seeds of both species were applied in order to alleviate PAHs stress, 
on seed germination and growth. 
 
Material And Methods 
 

1- Germination Experiment: Seeds of tomato (Lycopersicon esculentum. L.) CV. Pearson A-j (Improved) 
and alfalfa (Medicago sativa L.) were germinated in petri-dish. Seeds of alfalfa were sterilized by soaking them 
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in 0.1% HgCl2 solution for 3 minutes, the rinse in distilled water several times to get free from HgCl2. In case of 
tomato seeds were treated with captan (Fungicide) before perchase. 

1-1- Benzyladenine (BA) treatments were zero (control), 10-5M and 10-4 M solutions in which seeds of 
tomato were soaked for 24 h. and 2 h. in case of alfalfa seeds. Control (untreated) seeds were soaked in solvent 
mixture used to dissolve polycyclic aromatic hydrocarbon (PAHs). 

Polycyclic aromatic hydrocarbon (PAHs) were fluoranthrene, benz (a) anthracene and benzo (a) pyrene. Six 
levels of each PAHs in preliminary experiment and only zero, 10-8 M, 10-6 M, 10-4 M were chosen in the present 
experiment. For dissolving PAHs, a mixture by volume of olive oil-water (20 : 80) in proportion and mixed 
using magnetic stirrer at 40O C. 

1-2- Cultivation: Previously treated seeds of each tested species by BA were sown in petri-dishes over 
two sterilized filter paper (Whatman No 1) to which was added 5 ml of PAHs levels. Control treatment only 5 
ml of used solvent was added to each petri-dish. Three replicates were used for each treatment and 30 seeds per 
each dish. Germination percentages were determined after 2 and 6 days for tomato and after 1 and 3 days in case 
of alfalfa. 

2-1- Excised root experiment: The seeds of tomato and alfalfa were sterilized as mentioned above in 
germination experiment. Tomato seeds were soaked in zero (control), 10-5 M BA solution for 24 hours. In case 
of alfalfa seeds, they were soaked in BA solutions only for 2 hours. Twenty soaked seeds of each species were 
sown in each petri-dish outlined with previously sterilized filter-paper (Whatman No 1) and 7 ml of distilled 
H2O was added to each petri-dish. These petri-dishs kept in incubator adjusted at 30O C for one and two days for 
alfalfa and tomato seeds respectively. Conical flask (250 ml.) filled with 50 ml of nutrient media were closed 
with sterilized cotton. These flasks were sterilized in an autoclave at 105O C and 1.5 atmospheric pressure for 15 
minutes. The flask cooled at room temperature. Excised roots of tomato or alfalfa seeds were cultivated in the 
sterilized conical flasks containing nutrients media to which some vitamins and sucrose were added according to 
Doods and Roberts (1982) and Reinert & Yeoman (1982). The nutrients media pH was adjusted to 4.8. 

2-2- Benz (a) pyrene (Bp) were added to conical flasks. Three treatments of Bp (zero, 10-8 and 10-4 M). Ten 
radicals (10 mm in length) were separated from germinated seeds using sterilized sharp scraper. Then, these 
cultivated excised roots (radicles) in flasks were kept in an incubator at 30O C. Three replicates per each 
treatment were used. After 6 days, samples from grown excised roots from all treatments were drawn to 
determine their growth expressed as length, fresh and dry weights. 

3- Statistical analysis: The obtained data of both experiments (germination experiment or excised roots one) 
were statistically analyzed. The least significant difference (L.S.D.) at 0.05 level were calculated for the 
obtained significant F-test according to Snedecor and Cockran (1980). 
 
Results And Discussion 
 
Germination of tomato and alfalfa seeds:  

 
The data in Table (1) show that fluoranthene increased germination percentage after 2 days. However, after 

6 days, germination percentage of tomato decreased, especially at the highest concentration (10-4M) of 
fluoranthene. On the other hand, benz (a) anthracene completely inhibited germination after 2 days from 
sowing, then the percentages approached that of the controls after 6 days. Benz (a) pyrene at 10-8 M caused 
temperory increase in germination percentage after 2 days and then increased after 6 days, especially at 10-4 M. 
Benzyladenine (BA) at 10-4 M level overcame the harmfull effect of used polycyclic aromatic hydrocarbon 
(PAHs) on germination of tomato seeds. This results was obvious after 6 days of sowing. One could interpret 
that BA as a cytokinin enhanced cell division during germination. It could be considered this improvement of 
seed treated BA as a novel biological method to alleviate the harmfull action of PAHs on germination. 

In case of alfalfa seeds germination, the data in Table (2) indicate that fluoranthene at 10-4M level caused 
significant decrease in germination % after 1 and 3 days from sowing. Benz (a) anthracene showed increase in 
germination percentages. In case of benzo (a) pyrene and BA at 10-4M positively affected germination after one 
day from sowing alfalfa seeds. However, this response of germination persist after 3 days in case of benzo (a) 
pyrene (10-4M) and BA 10-4M. 

Seed germination of both tomato and alfalfa indicated that benz (a) anthracene and benz (a) pyrene were the 
most phytotoxic PAHs, especially at the higher level used. In addition, tomato seeds were more sensitive than 
those of alfalfa seed germination. This could be attributed to the difference of root pattern, especially at start of 
germination and not at later stages. In this concern, Trapp and Craig (1995) discussed the metabolic process of 
PAHs differenced according to their uptake, transport which included three phases. Phase I: transformation 
reactions (oxidation, reduction, hydrolysis). Phase II: conjugation reactions (soluble, “bound” conjugates). 
Phase III: compartmentation (vacuole, cell-wall). Kathi and Khan (2011) added that plants were utilized to clean 
up contaminated soil, taking advantage of their natural ability to take up, accumulate and/or degrade constituents 
of their soil and water. 
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Growth of tomato and alfalfa seedlings: 
 
The data in Table (3) show that root length of tomato was significantly decreased at higher concentrations 

of PAHs (fluoranthene, benz (a) anthracene and benzo (a) pyrene). On the other hand, benzyladenine (BA), at 
10-4 resulted in significantly increasing root length of tomato in presence of 10-4 M benzo (a) pyrene. Thus, it 
could be deduced that BA had partially overcome the decrease in length as affected by PAHs. Fresh weight of 
tomato seedling was clearly decreased at the highest levels (10-4 M) of all used PHHs, especially those grown 
under benzo (a) pyrene, even in the presence of BA. However, BA caused moderate tolerance of tomato 
seedlings growth which are grown in relatively lower levels (10-8 M and 10-6 M) of PAHs whether alone or in 
presence of BA at 10-5 M. 

It could deduced that BA at relatively lower level could play an indirect role to lessen impact effects of 
PAHs on germination and seedling growth of tomato and alfalfa. In this concern, Newman et al. (1996) 
concluded that BA induced regeneration of tomato somatic embryogenesis and shoot organogenesis. In addition, 
Tezuka et al. (2011) reported that endogenous cytokinin might stimulate tomato shoot regeneration. 

 
Growth of excised roots of tomato and alfalfa:  

 
Table (4) show that benzo (a) pyrene caused significant decreases in excised root length of tomato and 

alfalfa, especially at level 10-4 M. Decrease in excised root length of tomato were intensified by the presence of 
BA at the lower level of benzo (a) pyrene. However, in case of excised root length of alfalfa, the effect of both 
benzo (a) pyrene and BA on root length was not pronounced inspite of being significant. 

Significant decreases in fresh and dry weights of excised root of tomato and alfalfa as a result of benzo (a) 
pyrene especially at 10-4 M. This response was highly pronounced in case of fresh and dry weight of excised 
roots of tomato as compared with the corresponding ones of alfalfa. In addition, BA at level 10-5 M altered the 
effect of benzo (a) pyrene (10-4 M) on root growth of alfalfa resulting more or less the same magnitude of 
untreated excised root. However, in case of excised root growth of tomato, the effect of BA was slight to 
overcome the harmfull effect of benzo (a) pyrene. Thus, the alleviating action of BA to lessen harmfull effect of 
benzo (a) pyrene varied between different species. 

Thus, the present results of excised root culture under aspetic condition contributed that benzo (a) pyrene 
inhibition was obvious on root growth (length, fresh and dry weight) of two species (tomato and alfalfa). Most 
of previous researches in this concern were however, carried out in soil polluted by PAHs in presence of natural 
or added microbial contaminants (Binet et al., 2000). 

In conclusion, polycyclic aromatic hydrocarbons (PAHs) especially benzo (a) pyrene decreased seed 
germination, seedling growth and excised root growth of tomato and alfalfa. While exogenous benzyladenine 
treatments could alleviate PAHs-induced oxidative stress of tomato and alfalfa to a certain extend. 
Benzyladenine treatment at 10-5 M to excised roots minimize the determintal effect of benzo (a) pyrene 
expecially in case of those of alfalfa. 
 
Table 1: Effect of different polycyclic aromatic hydrocarbons and benzyladenine on germination percentage of tomato seeds. 

Benzyladenine (BA) 
level (M) 

Polycyclic Aromatic Hydrocarbon (PAH) concentration (M) 
Fluoranthene Benz (a) anthracene Benzo (a) pyrene 

00 10-8 10-6 10-4 00 10-8 10-6 10-4 00 10-8 10-6 10-4

 Germination % after 2 days of sowing 
00 11.7 23.3 18.5 15.0 5.4 0.0 0.0 0.0 18.3 20.0 26.0 23.0 

10-5 15.3 53.3 32.5 26.7 8.3 3.3 0.0 0.0 38.3 35.0 30.0 18.3 
10-4 18.7 81.0 73.3 60.0 6.7 0.0 0.0 0.0 26.7 20.0 18.3 22.3 

L.S.D. 0.05 interaction 10.5 1.51 8.0 
 Germination % after 6 days of sowing 

00 98.3 98.3 96.7 91.7 98.3 95.0 98.3 96.7 96.0 100.0 100.0 93.0 
10-5 96.7 96.7 100.0 90.0 96.7 100.0 95.0 100.0 96.0 100.0 95.0 100.0 
10-4 100.0 98.3 96.7 92.0 100.0 95.0 98.3 90.0 100.0 95.0 98.3 100.0 

L.S.D. 0.05 interaction 8.0 4.4 4.8 
 
Table 2: Effect of different polycyclic aromatic hydrocarbons and benzyladenine on germination percentage of alfalfa seeds. 

Benzyladenine (BA) 
concentration (M) 

Polycyclic Aromatic Hydrocarbon (PAH) concentration (in M) 
Fluoranthene  Benz (a) anthracene  Benzo (a) pyrene  

00 10-8 10-6 10-4 00 10-8 10-6 10-4 00 10-8 10-6 10-4

 Germination % after 1 days of sowing 
00 26.7 28.3 18.7 20.0 16.7 21.7 20.3 21.7 53.3 38.3 46.7 66.7 

10-5 38.3 31.7 21.7 21.7 16.7 33.3 21.7 28.3 38.3 48.3 31.7 58.3 
10-4 63.3 35.0 48.3 40.0 28.3 41.7 28.3 48.3 60.0 71.7 41.7 65.0 

L.S.D. 0.05 interaction 5.3 5.0 7.6 
 Germination % after 3 days of sowing 

00 98.3 98.3 96.7 88.3 83.3 93.3 95.0 95.0 95.0 90.0 96.7 93.3 
10-5 98.3 98.3 96.7 96.7 85.0 93.3 93.3 96.7 96.7 93.3 96.7 93.3 
10-4 95.0 96.7 98.3 96.7 90.0 93.3 93.3 91.7 95.0 95.0 86.7 93.3 

L.S.D. 0.05 interaction 3.8 6.0 5.7 
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Table 3: Effect of different polycyclic aromatic hydrocarbons and benzyladenine on root length (cm) and fresh weight of tomato seedling 
(g/plant) after 6 days from sowing. 

Benzyladenine concentration 
(M) 

Polycyclic Aromatic Hydrocarbon (PAH) concentration (M) 
Fluoranthene  Benz (a) anthracene  Benzo (a) pyrene  

00 10-8 10-6 10-4 00 10-8 10-6 10-4 00 10-8 10-6 10-4

 Root length (cm) 
00 4.8 3.7 3.2 3.3 5.9 6.3 5.9 5.3 5.2 5.5 4.5 4.2 

10-5 5.8 5.2 4.2 2.3 6.0 5.9 5.5 4.6 5.6 6.9 5.4 2.6 
10-4 4.8 5.7 6.2 3.7 2.9 3.8 3.0 2.5 2.5 3.9 3.0 2.9 

L.S.D. (0.05) interaction 0.9 1.0 1.2 
 Fresh weight of seedlings (g/plant) 

00 0.34 0.35 0.31 0.27 0.35 0.31 0.34 0.35 0.33 0.33 0.28 0.22 
10-5 0.33 0.32 0.34 0.26 0.34 0.34 0.33 0.30 0.34 0.32 0.28 0.21 
10-4 0.31 0.35 0.36 0.28 0.31 0.28 0.30 0.29 0.30 0.25 0.24 0.20 

L.S.D. (0.05) interaction 0.06 0.05 0.06 
 
Table 4: Effect of different polycyclic aromatic hydrocarbons and benzyladenine on root length (cm) and fresh weight of alfalfa seedling 

(g/plant) after 6 days from sowing. 
Benzyladenine (BA) 

concentration (M) 
Polycyclic Aromatic Hydrocarbon (PAH) concentration (in M) 

Fluoranthene  Benz (a) anthracene  Benzo (a) pyrene  
00 10-8 10-6 10-4 00 10-8 10-6 10-4 00 10-8 10-6 10-4

 Root length (cm) 
00 7.13 7.60 9.00 7.33 9.30 7.70 8.39 7.53 8.00 9.83 6.17 3.27 

10-5 6.27 7.80 7.50 5.53 5.47 6.40 6.63 6.70 6.60 8.27 6.80 4.20 
10-4 4.57 4.27 4.37 4.23 4.73 4.80 4.50 4.23 6.80 9.63 7.20 2.87 

L.S.D. (0.05) interaction 0.47 0.78 1.04 
 Fresh weight of seedlings (g/plant) 

00 0.62 0.55 0.54 0.54 0.66 0.61 0.59 0.62 0.53 0.53 0.54 0.39 
10-5 0.58 0.52 0.61 0.57 0.55 0.58 0.56 0.57 0.50 0.53 0.51 0.32 
10-4 0.54 0.56 0.52 0.52 0.55 0.65 0.58 0.60 0.50 0.46 0.50 0.18 

L.S.D. (0.05) interaction 0.06 0.08 0.08 
 
Table 5: Effect of benzo (a) pyrene and benzyladenine on growth criteria of excised tomato and alfalfa roots cultivated for 6 days in aseptic 

nutrients medium. 
Benzyladenine (BA) concentration (M) Tomato root Alfalfa root 

Benzo (a) pyrene concentration (M) 
00 10-8 10-4 00 10-8 10-4

 Excised root length (cm) 
00 3.7 2.8 2.3 2.6 2.4 2.0 

10-5 3.9 2.6 2.1 2.2 2.2 2.3 
L.S.D. (0.05) interaction 0.5 0.2 

 Fresh weight of 100 excised roots (g) 
00 11.58 7.84 3.55 10.60 8.83 9.51 

10-5 10.86 7.72 4.92 11.06 8.57 11.47 
L.S.D. (0.05) interaction 1.58 0.75 

 Dry weight of 100 excised roots (g) 
00 0.47 0.35 0.22 0.46 0.33 0.41 

10-5 0.44 0.41 0.24 0.48 0.47 0.45 
L.S.D. (0.05) interaction 0.15 0.08 
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