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Abstract 
Volatiles from the headspace of three rhizobacteria (Pseudomonas sp. 4MKS8, Klebsiella oxytoca 

10MKR7 and Enterobacter sakazakii 8MR5) isolated from sorghum and maize rhizospheres were 

analysed by gas chromatography and gas chromatography-mass spectrometry for ethylene. The 

ethylene released ranged from trace concentrations in Pseudomonas sp. 4MKS8, 72 nmoles/10
8
 

CFU/mL in K. oxytoca 10MKR7 to 210 nmoles/10
8
 CFU/mL in E. sakazakii 8MR5. The level 

released by E. sakazakii 8MR5 was similar to the level required for stimulating suicidal 

germination in Striga seeds, suggesting the potential use of this rhizobacterium in the biological 

control of Striga spp. 
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Introduction 
 

Ethylene is a plant hormone produced by various plants in response to physical, chemical and 

biological stresses (Reid 1995). It is biosynthesised in higher plants from methionine via S-

adenosylmethionine and the enzyme 1-amino-cyclopropane-1-carboxylate. Although ethylene 

is involved in the regulation of numerous physiological processes in plants, it is also produced 

by microorganisms (Babalola 2002, Boiero et al. 2007, Perrig et al. 2007). Microbes have been 

known to produce ethylene via ethylene-forming enzymes (Araki et al. 2000).  

 Striga hermonthica (Del.) Benth. is a pest of maize (Zea mays L.) and sorghum 

[Sorghum bicolor
 
(L.) Moench] in sub-Saharan Africa (Babalola 2002). The grain losses of 

maize and sorghum, the two most important cereal crops in
 
sub-Saharan Africa, due to Striga 

infestation is estimated at US$7 billion annually (Berner et al. 1995).
 
Striga wounds the host 

plant outer root tissues and
 
absorbs its supply of moisture, photosynthates, and minerals 

(Tenebe & Kamara 2002). For these reasons Striga control is very important to reduce or 

compensate for grin losses due to Striga infestation.
 
One way of controlling the pest is to 

stimulate germination under conditions that will lead to total mortality of the seedlings, 

‘suicidal germination’: ethylene is one substance that can do this. 
 

Since agricultural production in Africa is centred mainly on resource-poor farmers, an 

eradication programme as carried out in the United States by direct soil injection with ethylene 

may not be practicable in Africa due to the high cost involved and technical limitations of 

African farmers. Ethylene-producing bacteria have been successfully used to stimulate Striga 

spp. seed germination in the laboratory (Berner et al. 1999), and in related screening 

experiments, several fluorescent pseudomonads suppressive to S. hermonthica seeds have been 

identified (Ahonsi et al. 2002). However, in these studies, the levels of ethylene produced by 

these and related rhizobacteria are not known. Therefore, the objective of this study was to 

quantify the levels of ethylene produced in the headspace of three rhizobacteria isolated from 

soils associated with maize and sorghum, with the aim of providing additional information to 

support the use of bacteria in the biocontrol of S. hermonthica.
 

 

Materials & Methods 

 

Root samples of potted maize and sorghum were shaken vigorously to remove loosely adhering 

soil. Bacteria from the exorhizosphere and endorhizosphere were obtained from the root sample 
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according to a standard protocol. Isolates were cultivated on tryptic soy agar medium in triplicate.  

After incubation for 24 h at 28 
o
C, representative types of colonies were further purified on tryptic 

soy agar and stored in 25% glycerol at –80 
o
C. Pseudomonas sp. 4MKS8 and Klebsiella oxytoca 

10MKR7 were isolated from the rhizosphere of sorghum, while Enterobacter sakazakii 8MR5 

was isolated from that of maize. Both soil samples were infested with S. hermonthica. 

 Headspace volatiles were allowed to equilibrate in 100 ml broth contained in 150 ml 

GIBCO reagent bottles (175 ml maximum capacity) for 6, 12, 24, 48 h. A gas chromatography 

(GC) syringe hole was drilled in each bottle cap, and then lined with sterile teflon-faced 

silicone rubber septa before closure. Samples of the headspace (100 l) from the inoculated 

broth and an uninoculated control broth were analysed by GC and gas chromatography-mass 

spectrometry (GC-MS). GC analyses were performed on a Hewlett-Packard 5890 Series II gas 

chromatograph equipped with a flame ionization detector and a Hewlett-Packard capillary 

column (Ultra 1 Cross-linked methyl silicone, 50 m x 0.2 mm ID x 0.33 m film thickness) 

using nitrogen as the carrier gas at a flow rate of 0.35 ml per min. The oven temperature was 

initially isothermal at 40 
o
C for 5 min, then programmed at 10 

o
C per min to reach 150 

o
C, and 

held there for 8 min. Chromatographic peaks were integrated using a Hewlett-Packard 3396 

integrator. GC-MS analyses were carried out on a Fisons Instruments 8060 Series II 

chromatograph coupled to a Fisons Instruments VG Platform II MS (EI, 70eV), employing the 

same chromatographic conditions as described.  Compounds were identified by comparing 

their spectral data with those of the library (National Institute of Standards and Technology 

Registry of Mass Spectral Data 1995) of the mass spectrometer. Authentication of the identity 

of the compounds was achieved by comparing the retention times of the headspace volatiles of 

the isolates with those of commercial samples of ethylene (Del Monte, Nairobi, Kenya) and 3-

hydroxy-2-butanone (Aldrich, UK). 

 
Fig 1:  Total ion chromatograms of standard ethylene, BACT-8 (E. sakazakii 8MR5), BACT-10 

(K. oxytoca 10MKR7) and BACT-44 (Pseudomonas 4MKS8) showing relatively strong ion 

fragments for carbon dioxide (m/z 44). 
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Fig 1 (contd.) 
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Fig 2:  Standard curve to convert GC peak areas into ethylene concentrations. 
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Results 
 

GC-MS analysis identified ethylene as the major component in the headspace volatiles of 

culture media of the three isolates after 48 h of incubation (Fig 1). Carbon dioxide (CO2) was 

identified as a co-eluent with ethylene in all the analyses, while 3-hydroxy-2-butanone was 

identified as a trace component in the headspace volatiles of Enterobacter sakazakii 8MR5. Fig 

2 shows the relationship between GC peak areas and volumes of ethylene. The combined 

concentration of ethylene with CO2 was estimated for 100 l headspace samples: 

Pseudomonas sp. 4MKS8 (trace), K. oxytoca 10MKR7 (72 nmoles per 10
8
 CFU/ml), and E. 

sakazakii 8MR5 (210 nmoles per 10
8
 CFU/ml). GC-MS analysis showed relatively strong 

fragment ions for CO2 in the headspace volatiles of Pseudomonas sp. 4MKS8, with the 
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weakest in the volatiles of E. sakazakii 8MR5. Ethylene was not detected in media incubated 

for less than 48 h, and in the control media.  

 

Discussion 
 

Several recent research findings (Boiero et al. 2007; Perrig et al. 2007) have found that 

ethylene is one of the compounds synthesised in the culture supernatant of certain rhizobacteria 

strains. Berner et al. (1999) reported that ethylene-producing bacteria are as effective in 

stimulating seed germination of Striga spp. as are soil injections of ethylene gas. The results 

here reveal that the rhizobacteria Pseudomonas sp. 4MKS8, K. oxytoca 10MKR7 and Ent. 

sakazakii 8MR5 all emit ethylene, but at varying concentrations and co-eluting with CO2. 

Ethylene was detected in the headspace of the three rhizobacterial isolates after 48 h, which 

suggests that they have a high potential for use in the biological control of Striga seeds. Our 

studies show clearly that CO2 co-elutes with ethylene in the GC-MS analysis. 
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 الملخص العزبي

 

 تقديز قيمت الإيثلين فى ثلاث عزلاث لبكتزيا الزيزوماث المعزولت من ستزيجا هيزمونثيكا والتى تصيب الذرة والشعيز

 

 ببببنىلا وو

 كيُيب –َيشوبً  –انًشكض انذونً نهبيئت وانفسيىنىجً 

 َيجيشيب –يذيُت وجيٍ   -آجىنىيً  –جبيعت ولابيسً وَبببَجى  –قسى انًيكشوبيىنىجً : انعُىاٌ انحبنً
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بسييىيىَىط، كهيبسيلا إوكسيخىكب، : حى خلال هزا انبحذ ححهيم الإيزهيٍ انًعضول يٍ رلارت أَىاع يٍ انبكخشيب وهً

إَخيشوببكخش سبكبصاكً، وانًصبحبت نشيضيبث َببث انزسة وانشعيش ورنك بإسخخذاو جهبص انفصم انكشويبحىجشافً انغبصي 

انُخبئج أٌ الإيزهيٍ انًُبعذ يٍ بسييىيىَىط كبٌ يقذس بكًيبث قهيهت نهغبيت، بيًُب قذسث كًيخهب  أوضحج. وانًخعذد انطيف

/َبَىيىنض 72بحىانً 
8
/َبَىيىنض 210فً بكخشيب كهيبسيلا إوكسيخىكب ، وكبَج قيًخهب  ييهيهخش/ط ف ي 10

8
/ ط ف ي 10

أيضب أوضحج انذساست أٌ انكًيت انًُبعزت يٍ بكخشيب إَخشوببكخش سبكبصاكً كبَج . ييهيهخش فً بكخشيب إَخشوببكخش سبكبصاكً

يشببهت نهًسخىي انًطهىة لإحذاد الإَببث فً بزوس َببث سخشيجب، يًب جعهُب َقخشح إيكبَيت إسخخذاو هزا انُىع يٍ انبكخشيب 

 .ة نُببث سخشيجبفً انًقبويت انبيىنىجي

 

 

 
 

 

 

 

 

 


