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Abstract: A large amount of oil hydrocarbons and heavy metals have been discharged into the environment and caused 
soil polluted. Petroleum and cadmium in soil accumulated in crops and lead to threaten human healthy through the food 
chain. In this experiment, seeds of sorghum and rape were germinated in deferent concentrations of petroleum and 
cadmium, and the effect of Peptococcus activus sp. SH3-3-9 on the germination was studied. The results showed that 
petroleum and cadmium inhibited seeds germination, and the effects were stronger as their concentrations increased. 
Peptococcus activus sp.SH3-3-9 had the role of enhancing seed germination, which indicates it has high potential in 
plant-microbial remediation of petroleum and cadmium in soil. 
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INTRODUCTION 

In current, the exploitation and demand of oil is 

increasing with the acceleration of industrialization. The 

world energy mainly relies on oil. In the United States, 

30% of the energy provided by the oil, this ratio in 

Britain reached 50% [1]. The organization of the 

Petroleum Exporting Countries estimates that about 

100 millions barrels of oil per day will be consumed in 

the globe by 2020 [2]. Petroleum is mainly composed 

of hydrocarbon and non hydrocarbon compounds [3]. 

There are many kinds of non hydrocarbon compounds 

in crude oil [4], including many pollutions such as 

oxygen containing hydrocarbon derivatives, sulfur 

containing hydrocarbon derivatives, nitrogen containing 

hydrocarbon derivatives, colloid in the oil, asphalt, etc. 

[5, 6]. The crude oil entering the soil in various forms 

adheres to the soil particles directly affecting the 

permeability of the soil, so as to reduce soil fertility [7, 

8], on the other hand, it destroys the balance between 

soil and plant water, hinder the normal respiration of 

root, and affect the growth of plants [9, 10]. Which 

caused the changes of soil physical and chemical 

properties, groundwater pollution, crop growth 

inhibition, microbial community structure changes, etc. 

[11] Some constituents of petroleum in soil 

accumulated in crops, and can threaten human healthy 

through the food chain. Those toxic and harmful 

substances were harmful to the human nervous 

system, urinary system, respiratory system, circulatory 

system, blood system, etc., and have the effects of  
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carcinogenesis, teratogenesis and mutagenesis to the 

mammals and human beings. 

In the process of petroleum exploration, production 

and transportation, due to natural and man-made 

reasons, a large amount of oil hydrocarbons and heavy 

metals are discharged into the environment, which 

caused a large amount of soil has been polluted by oil 

as well as heavy metals [12], Heavy metals in soil were 

high toxicity and persistence. cadmium is one of the 

most toxic element of those [13, 14]. Cadmium in the 

soil is accumulated in the edible part of the plant 

through the absorption and translocation of the plant 

roots. Because the half-time of Cd in human body is 

usually 20 - 40a, if intaking Cd for a long time and Cd 

content exceeded the amount of tolerance intake (PTW 

I; 7 u g/kg body weight per week) , human will 

accumulate Cd in body and threaten healthy severely 

[15, 16].  

Microorganism has the effect of degrading crude oil, 

and bioremediation has become an important method 

to repair contaminated soil because of its low cost and 

in situ remediation [17]. The main cause of Cd pollution 

in soil is the industrial wastes emissions, sewage 

irrigation, pesticide and fertilizer application. Cd 

pollution has more and more damaged to farming soil, 

plants and microorganisms, and may lead to 

accumulation in human body [18]. Plant roots can 

absorb Cd, but the important limiting factor for 

phytoremediation of heavy metal is the inhibition of 

plant growth, and the small biomass. In this study, 

Sorghum and rape seeds were used, considering their 

sensitive characteristics to Cd and crude oil, to 

investigate the response of seeds to crude oil, Cd 

pollution and microorganism. 
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MATERIALS AND METHODS 

Microorganisms 

The strain of Peptococcus activus sp.SH3-3-9, 

screened from the oil contaminated soil from the 

Shenyang economic and Technological Development 

Zone, was applied as petroleum degrading bacterium. 

The Culture medium is: CaCl2 0.02g  K2HPO4 

1.5g NaCl 0.5g, MgSO4·7H2O 0.2g  NaNO3 

2g FeSO4·7H2O 0.01g crude oil 5g water 

1000ml pH7, steam sterilization (121°C, 30min).The 

colony of bacteria was gray or cream colour, raised, 

with complete edge. Anaerobic culturing for 5-7 days, 

the number of viable bacteria was about 5 l0
9

ml, the 

cultrue was diluted to one tenth with water for the 

suspension of the bacteria. 

Methods 

The full seeds of sorghum and rape were soaked in 

the greenhouse at about 25˚C for 3 hours and then 

these seeds covered with filter paper were placed in 

Petri dishes in a controlled growth chamber under the 

conditions of 28˚C. Solutions of 10, 30, 50, 100, 

200mg/mL crude oil content and 100, 200, 300, 

400mmol/l CdCl2 content were prepared respectively. 

And the above solution concentrations were also 

doubled and then mixed with the same amount of 

bacteria suspension. These solutions were used to 

moisten the filter paper. The treatments to sorghum 

seeds were also include: 30/100, 50/100, 30/300, 

50/300 crude oil (mg/ml)/ CdCl2 (mmol/l), and the 

treatments to rape seeds were also include: 30/50, 

30/100, 50/50, 50/100 crude oil (mg/ml)/ CdCl2 

(mmol/l), which compare with the treatments with the 

same level of crude oil/ CdCl2 concentration just mixed 

with bacteria suspension, that is a total of 64 

treatments were set up in this experiment, and the 

water treatment was used as control. Each treatment 

was with three relicates. Seed germination rate was 

measured after 6 days treatment. Seed germination 

rate=(the number of germination seeds /the total 

number of seeds) 100%. The SSR method was 

adopted for sample multiple comparison. 

RESULTS AND ANALYSIS 

Effects of Crude Oil and Bacteria on the Seed 
Germination Rate of Sorghum and Rape 

Data are means of 3 replicates (n=3). Data within 

same column with different letters indicated significant 

difference (P 0.05). 

Figures 1 and 2 show crude oil significantly inhibited 

the seed germination of sorghum and rape, and the 

inhibition effect increased with the increase of the 

concentration of crude oil. Peptococcus activus 

sp.SH3-3-9 can relieve the inhibition effect. The 

inhibition of 10mg/ml crude oil on the germination of 

rape seeds was not significant, while the 30mg/ml 

crude oil has significant inhibition effect, and the 

germination rate was less than 50% when the 

concentration of crude oil was higher than 50mg/ml. 

The inhibition effect of crude oil on sorghum was 

stronger than rape. the germination rate of rape was 

less than 50% at 10mg/ml crude oil. Under the various 

concentration of crude oils, Peptococcus activus 

sp.SH3-3-9 can promote the germination of seeds. 

Except at the lower crude oil concentration (10 and 

30mg/ml), the bacteria performance significant 

promotion effect on the germination of sorghum and 

rape seeds at any other concentration of crude oil. 

 

Figure 1: Effect of crude oil on seed germination in sorghum 
and rape. 

 

 

Figure 2: Effect of crude oil on seed germination in sorghum 
and rape as bacteria were applied. 

Effects of Cd and Bacteria on the Seed Germination 
Rate of Sorghum and Rape 

Figures 3 and 4 show Cd significantly inhibited the 

seed germination of sorghum and rape, and the 

inhibition effect increased with the increase of the 

concentration of Cd. The inhibition effect of CdCl2 on 

the germination of seeds was weakest at 100 mmol/l, 

the germination rate of rape decreased to 50% at 

200mmol/l CdCl2, while that of sorghum decreased to 

50% at 300mmol/l CdCl2, which indicates that the 

adaptability of sorghum to Cd is higher than that of 
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rape. the microorganisms suplied in this experiment 

release this inhibition effectively, the effect is most 

pronounced at 200mmol/l CdCl2. 

 

Figure 3: Effect of Cd on seed germination in sorghum and 
rape. 

 

 

Figure 4: Effect of Cd on seed germination in sorghum and 
rape as bacteria were applied. 

Effects of Crude Oil-Cd and Bacteria on the Seed 
Germination Rate of Sorghum and Rape 

Figures 5 and 6 show the effects of crude oil-Cd 

compound pollution on seed germination rate of 

sorghum and rape were significant. When at the lowest 

crude oil(mg/ml) or CdCl2 (mmol/l) concentration of 

30/100 or 30/200, the seed germination rate of rape or 

sorghum decreased to 50%. Peptococcus activus 

sp.SH3-3-9 can effectively improve the germination 

rate of seeds. Except at 30/200(for rape seeds) and 

50/300(for sorghum seeds) crude oil(mg/ml)/CdCl2 

(mmol/l), the effect of the microorganisms on promoting 

seed germination rate had reached a significant level. 

 

Figure 6: Effect of crude oil-Cd and bacteria on seed 
germination in sorghum. 

CONCLUSION AND DISCUSSION 

The experiment shows crude oil and Cd significantly 

inhibited the seed germination of sorghum and rape, 

and the inhibition effect increased with the increase of 

the concentration of those. The supplied bacteria can 

effectively improve the seed germination rate of the two 

crops under cadmium and petroleum conditions. The 

effect of crude oil on the germination of sorghum seed 

was greater than that of rape, and the response of rape 

seeds to Cd was stronger than that of sorghum seeds, 

and rape seed germination and sorghum seed 

germination were both severely inhibited under crude 

oil-Cd compound pollution. It is also indicated that the 

ability of Peptococcus activus sp.SH3-3-9 to improve 

the germination rate in crude oil is better than in Cd, 

which probably because Peptococcus activus sp.SH3-

3-9 is a petroleum degrading bacteria which uses crude 

oil as the only carbon source when selecting and 

cultivating it. Microbial degradation of crude oil pollution 

is an effective method [19, 20]. Plant-microbial 

remediation of crude oil and Cd pollution is a new way 

to study [21]. This technique is to combine the plant 

remediation with microbial remediation. This process 

has the advantages of low cost, better treatment effect, 

less damage to soil, no secondary pollution [22, 23]. 

The application of Plant-microbial remediation 

technology is increasing [24, 25], to promote the 

degradation of pollutants by the interaction between 

plants, microorganisms and the rhizosphere 

environment [26, 27]. When plants grow, their roots 

provide the best place for the growth of 

microorganisms [28]. Conversely, the increase of the 

quantity of microorganisms enhanced the reduction 

and mineralization of organic pollutants, which provide 

better growth conditions for plants. Microbial 

metabolites can also improve ecological environment of 

 

Figure 5: Effect of crude oil-Cd and bacteria on seed 
germination in rape. 
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soil [29, 30]. In addition, microorganisms also be able 

to secrete plant hormones, siderophore and other 

active substrates to promote the growth of plants [31]. 

In bioremediation, it is necessary for plant and microbe 

to has a high biomass, in order to ensure the efficiency 

of remediation [32, 33]. In this experiment, the effect of 

Peptococcus activus sp.SH3-3-9 to improve the inverse 

resistance in crops was studied. It showed that the 

microorganism had a strong ability to degrade crude oil 

and promote the growth of crops. 

REFERENCES 

[1] OSE. Oil&gas and environment facts[EB/OL]. 
http://www.offshore-environment.com/facts.html 

[2] OPEC. OPEC Annual Statistical Bulletin. Organization of the 
Petroleum Exporting Countries 1996. 

[3] Speight JG. The Chemistry and Technology of Petroleum. 
New York: Inc. New York 1991. 

[4] Fernandez VR, Gmez CM, Fresco RP, et al. Monitoring 
photooxidation of the prestige's oil spill by attenuated total 
reflectance infrared spectroscopy. Talanta 2006; 69: 409-8. 
http://dx.doi.org/10.1016/j.talanta.2005.10.006 

[5] Weisman W. Analysis of Petroleum Hydrocarbons in 
Environmental Media. Total Petroleum Hydrocarbon Criteria 
Working Group Series 1998. 

[6] E&P Forum. Exploration and Production (E&P) Waste 
Management Guidelines[R]. Oil Industry International 
Exploration and Production Forum 1993. 

[7] Wyszkowski M, Ziolkowska A. Role of compost, bentonite 
and calcium oxide in restricting the effect of soil 
contamination with petrol and diesel oil on plants. Chem 
2009; 74(6): 860-865. 
http://dx.doi.org/10.1016/j.chemosphere.2008.10.035 

[8] Culbertson JB, Valiela I, Peacock EE, et al. Long-term 
biological effects of petroleum residues on fiddler crabs in 
salt marshes. Mar Pollut Bull 2007; 54: 955-8.  
http://dx.doi.org/10.1016/j.marpolbul.2007.02.015 

[9] Issoufi I, Rhykerd RL, Smiciklas KD. Seedling Growth of 
Agronomic Crops in Crude Oil Contaminated Soil. J Agron 
Crop Sci 2006; 192: 310-8. 
http://dx.doi.org/10.1111/j.1439-037X.2006.00212.x 

[10] Majagi SH, Vijaykumar K, Vasanthkaumar B. Concentration 
of heavy metals in Karanja reservoir, Bidar district, 
Karnataka, India. Environ Monit Assess 2008; 138: 273-7. 
http://dx.doi.org/10.1007/s10661-007-9796-x 

[11] Ying W, Jiang F, Qianxin L, Xianguo L, Xiaoyu W, Guoping 
W. Effects of crude oil contamination on soil physical and 
chemical properties in Momoge wetland of China. Chinese 
Geogr Sci 2013; 23: 708-8. 
http://dx.doi.org/10.1007/s11769-013-0641-6 

[12] E&P Forum, UNEP IE. Environmental Management in Oil 
and Gas Exploration and Production. Oil Industry 
International Exploration and Production Forum and LTNEP 
Industry and Environment 2001. 

[13] Reeves PG and Chaney RL. Mineral nutrients status of 
female rats affects the absorption and organ distribution of 
cadmium from sunflower kernels ( Helian thus annuus L.) . 
Environ Res 2001; 85: 215-11. 
http://dx.doi.org/10.1006/enrs.2000.4236 

[14] Kello D, Dekanic D, et al. Influence of sex and dietary 
calcium on int es tinal cadmium abs orpti on in rats. Arch 
Environ Health 1979; 34: 30-4.  
http://dx.doi.org/10.1080/00039896.1979.10667363 

[15] Brzóska MM, Moniuszko JJ. The influence of calcium content 
indieton the accumulation and toxicity of cadmium in 
organism. Arch Toxicol 1998; 72: 63-11. 

[16] WHO. Evaluati on of Certain Food Additives and 
Contaminants. Report 837, World Health Organization, 
Geneva 1993; 28-4. 

[17] Bernard OE, Chizoba AO. Assessment of the 
physicochemical and microbiological status of western Niger 
Delta soil for crude oil pollution bioremediation potential. 
Environ Monit Assess 2015; 187: 1-12. 

[18] Frank T, Wing KL. Toxicology of Cadmium and Its Damage 
to Mammalian Organs. Cadmium: From Toxicity to 
Essentiality; Volume 11 of the series Metal Ions in Life 
Sciences 2012; 415-76. 

[19] Ya MD, Chao CZ, Yun C, Dong FZ. Optimization of reed-
specific degrading bacteria by response surfaces for 
remediation of crude oil-polluted soil in Xinjiang, China. J 
Arid Land 2013; 5: 408-7. 
http://dx.doi.org/10.1007/s40333-013-0167-x 

[20] Kaimi E, Mukaidani T, Miyoshi S, et al. Ryegrass 
enhancement of biodegradation in diesel-contaminated soil. 
Environ Exp Bot 2006; 55: 110-10.  
http://dx.doi.org/10.1016/j.envexpbot.2004.10.005 

[21] Ivanova AA, Vetrova AA, Filonov AE, Boronin AM. Oil 
biodegradation by microbial-plant associations. Appl 
Biochem Micro 2015; 51: 196-6. 
http://dx.doi.org/10.1134/S0003683815020064 

[22] Nelson EC, Walter MV, Bossert ID, et al. Enhancing 
biodegradation of petroleum hydrocarbons with guanidinium 
fatty acids. Environ Sci Technol 1996; 30: 2406-6. 
http://dx.doi.org/10.1021/es9509036 

[23] Ballyd AT, Jill P, et al. Bacterial consortia for crude oil 
remediation. Sci Technol 1996; 34: 187-7. 

[24] Kuiper L, Lagendijk EL, Bloemberg GV, et al. 
Rhizoremediation: a beneficial plant-microbe interaction. Mol 
Plant Microbe In 2004; 17: 6-10. 
http://dx.doi.org/10.1094/MPMI.2004.17.1.6 

[25] Dimitrov DN, Seklemova E, Application of 
phyto/bioremediation on soils contaminated with oil products. 
J Agr Sci Forest Sci 2009; 8: 13-3. 

[26] Sun TR, Cang L, Wang QY, et al. Roles of abiotic losses, 
microbes, plant roots, and root exudates on 
phytoremediation of PAHs in a barren soil. J Hazard Mater 
2010; 176: 919-7. 
http://dx.doi.org/10.1016/j.jhazmat.2009.11.124 

[27] Rajkumar M, Sandhya S, Prasad MNV, et al. Perspectives of 
plant-associated microbes in heavy metal phytoremediation. 
Biotechnol Adv 2012; 30: 1562-13. 
http://dx.doi.org/10.1016/j.biotechadv.2012.04.011 

[28] Brimecombe MJ, Deleij FA, Lynch JM. The effect of root 
exudates on rhizosphere microbial populations.The 
Rhizosphere: Biochemistry and organic substances at the 
soil-plant interface 2001; 95-46. 

[29] Yang Q, Tu S, Wang G, et al. Effectiveness of applying 
arsenate reducing bacteria to enhance arsenic removal from 
polluted soils by Pteris vittata L. Phytoremediat. Int J 
Phytoremediat 2012; 14: 89-11. 
http://dx.doi.org/10.1080/15226510903567471 

[30] Glick BR. Using soil bacteria to facilitate phytoremediation. 
Biotechnol Adv 2010; 28: 367-8. 
http://dx.doi.org/10.1016/j.biotechadv.2010.02.001 

[31] Babu AG, Reddy MS. Dual inoculation of arbuscular 
mycorrhizal and phosphate solubilizing fungi contributes in 
sustainable maintenance of plant health in fly ash ponds. 
Water Air Soil Pollut 2011; 219: 3-8. 
http://dx.doi.org/10.1007/s11270-010-0679-3 

 

 



The Effect of Bacteria on Seed Germination in Sorghum and Rape International Journal of Biotechnology for Wellness Industries, 2015, Vol. 4, No. 4     127 

[32] Koptsik GN. Problems and prospects concerning the 
phytoremediation of heavy metal polluted soils: A review. 
Eurasian Soil Sci 2014; 47: 923-17. 
http://dx.doi.org/10.1134/S1064229314090075 

[33] Wang J, Zhang Z, Su Y, et al. Phytoremediation of Petroleum 
Polluted Soil. Petrol Sci 2008; 5: 167-5. 
http://dx.doi.org/10.1007/s12182-008-0026-0 

 
Received on 17-11-2015 Accepted on 14-12-2015 Published on 18-01-2016 

DOI: http://dx.doi.org/10.6000/1927-3037.2015.04.04.3

 
© 2015 Shuang et al.; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 
 


