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ABSTRACT: Fourteen endophytic bacteria isolated from sugarcane were evaluated in the laboratory for 
their ability to induce Striga hermonthica germination and/or haustorium initiation in response to different 
stimulants. The results indicated that bacterial isolates IS30 and IS18 significantly induced germination of 
Striga relative to the control. They enhanced germination by 14 and 19%, respectively in response to the 
lower concentration of growth regulator (GR24) (0.01 ppm). Isolate IS20, applied after conditioning, 
induced germination albeit not significant and inhibited germination significantly during conditioning. 
Haustorial initiation in response to 2, 6- dimethoxybenzoquinone (DMBQ) showed differential response to 
bacterial isolates. Isolate IS30 significantly induced haustoria in response to DMBQ at the lower 
concentration as compared to the medium control, it induced haustoria by 31%. However, the combination 
of IS20 plus IS29 caused significant reduction in haustoria, it reduced haustorium initiation by 29 to 53%.  
According to the morphological and biochemical characteristics, bacterial isolates ISO20, ISO29 and 
ISO30 were suspected to belong to Gluconacetobacter spp. The results suggested that endophytic 
bacteria are promising candidates for further studies to combat S. hemonthica in the low-input farming. 
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INTRODUCTION 
 

 Search for biological control agents for parasitic weeds in among disease- causing organisms, including fungi 
and bacteria, started relatively late (El Zein and Kroschel, 2003). Workable biological control options that meet the 
target of reducing S. hermonthica parasitism and abating crop-yield-loss, within the season of application, is the use 
of soil-borne antagonists or diseases of S. hermonthica seeds, germilings and/or seedlings. Use of rhizobacteria for 
biological control of Striga is intriguing since they can easily be formulated as seed inoculants, thereby avoiding the 
need for application equipment, voluminous carriers and labour that would, otherwise, be cost prohibitive.  
 The Striga spp. inflict most of the damage to the host during their early developmental stages, the weed 
competes for water and nutrients as root parasite (Aly, 2012). Microorganisms are increasingly being considered as 
control agents for Striga (Babalola , 2002; Babalola , 2004). Babalola , (2007) reported that bacterial isolates 
(Pseudomonas sp., Klebsiella oxytoca and Enterobacter sakazakii) could stimulate S. hermonthica germination in 
the laboratory and in the screen-house. Furthermore, Hassan , (2010) found that Klebsiella spp.  caused a 
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considerable germination (34-49%) of Striga in absence of GR24. The objective of this study was to evaluate the 
efficacy of endophytic bacteria on early developmental stages of S. hermonthica. 
 

MATERIALS AND METHODS 
 

 All experiments were conducted at Bio-pesticides and Bio-fertilizers Department, Environment, Natural 
Resources and Desertification Research Institute (ENDRI), National Centre for Research (NCR), Khartoum, Sudan. 
In all experiments, treatments were arranged in randomized complete design (RCD) with four replicates. 
 
Striga seeds collection and surface disinfection:   
 S. hermonthica seeds were collected from parasitic plants growing under sorghum in 2011 at the Research 
Station Farm of Sudan University of Science and Technology, College of Agricultural Studies, Khartoum, Sudan. 
Seeds were surface disinfected by soaking in 70 % ethanol for 2 min. with continuous agitation and rinsed three 
times in sterile distilled water. Subsequently, the seeds were immersed in 1 % sodium hypochlorite for 2 min. and 
rinsed three times in sterile distilled water. Then seeds were plotted dry on Whatman filter paper (No.1) under a 
laminar flow hood, then kept in sterilized vial for further studies. 
 
Collection of Sugarcane plant samples: 
 Ten samples of healthy sugarcane plants variety Co 6806 were randomly collected from El Gunied Sugar 
Research Center fields, Central Sudan. Plant samples were immediately brought to the laboratory in separate plastic 
bags and kept on ice.  
 
Chemicals: 
 The strigolactone analogue GR24 was provided by professor Zwanenberg, B. the University of Nimijhen, the 
Netherlands. A stock solution 10ppm of GR24 was prepared by dissolving 1mg in 1ml of acetone and completed to 
100ml with sterile distilled water. The solution was kept refrigerated at 4ºC for further use.  
 2, 6- dimethoxybenzoquinone (DMBQ) was provided by Professor Sugimoto, Y. from Kobe University, Japan. A 
stock solution (100 µM) was prepared by dissolving 1.68 mg in 1 ml acetone and completed to 100ml with sterile 
distilled water. 
 
Isolation of endophytic bacteria: 
 Sugarcane plant samples were washed in tap water to remove the soil particles. Subsequently, the stems were 
separated. After that, plant samples were surface disinfected for isolation of endophytic bacteria by submerging in 
70 % ethanol (v/v) for 1 min. Then the samples were thoroughly washed three times with sterilized distilled water, 
soaked in 2% sodium hypochlorite as commercial Bleach (NaClO2) for 1 min., rinsed 2-3 times with sterile distilled 
water, transferred to sterile filter paper and allowed to dry in a laminar flow. Under aseptic conditions, one gram of 
surface sterilized sugarcane roots were transferred to a sterile mortar with 10ml sterile distilled water and 10mg of 
silicon carbide (600 mesh),  then gently crushed by a sterile pestle. Furthermore, stem juice samples were also 
undertaken. Aliquot, (0.25ml) from each sample root and stem juices were inoculated separately into tubes containing 
1 ml of semisolid LG1 medium. The tubes were incubated at room temperature for 3 to 4 days for the formation of 
subsurface pellicles. All cultures were streaked on LG1-P for purification. 
 
Striga seeds conditioning: 
 Glass fiber filter papers (GF/C) discs (8mm diameter) were cut, wetted thoroughly with water and sterilized in an 
oven at 100ºC for 1 h. The discs, placed in 9cm diameter Petri dishes lined with glass fiber filter papers (GF/C), were 
moistened with 5ml distilled water, or diluted medium inoculated or not inoculated with the respective bacterial isolate. 
About 25–50 surface disinfected S. hermonthica seeds were sprinkled on each of the glass fiber discs in each Petri 
dish. The dishes, sealed with parafilm were placed in black polythene bags and incubated at 30ºC in the dark for 10 
days. 
 
Effects of endophytic bacterial isolates applied during conditioning on S. hermonthica germination:  
 S. hermonthica seeds were conditioned either in sterile distilled water or LGI medium inoculated with 14 bacterial 
isolates or not inoculated for 10 days in the dark at 30ºC, the discs containing Striga seeds were blotted dry on normal 
filter paper (No.1) to remove excess water and then transferred to sterile Petri dishes. Each disc was treated with 
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20µl of GR24 at 0.01 or 0.1 ppm. Then the seeds were re-incubated and examined for germination 24 h later using 
a stereomicroscope. 
 
Effects of endophytic bacterial isolates on S. hermonthica germination: 
 S. hermonthica seeds were pre conditioned in water for 7 days then the discs blotted dry on normal filter paper 
to remove excess water and then transferred to sterile Petri dishes containing LGI medium inoculated with 14 
bacterial isolates or not inoculated for 3 days then treated with GR24 as described above. 
 
Effects of endophytic bacterial isolates on Striga haustorial initiation:  
 Three bacterial isolates were evaluated for their effects on haustorium initiation. Striga seeds conditioned in the 
presence or absence of bacterial isolates were blotted dry on filter papers (Whatman No.1) and transferred to sterile 
Petri dishes. The discs containing Striga seeds were treated each with 20 μl GR24 solution (0.1 ppm). The Petri 
dishes were sealed with parafilm and placed in black polythene bags then incubated in the dark at 30ºC for 48 h. The 
discs containing the germinated seeds (Striga germilings) dapped on a filter paper, were placed and inverted top-
down on similar discs without Striga seeds. The pairs of discs were treated with 40μl solution of 2, 6-
dimethoxybenzoquinone (DMBQ) at 10 and 20 μM. Striga germilings resulting from seeds conditioned in water and 
broth medium were similarly treated with DMBQ included as controls for comparison. The Petri dishes were re-
incubated in the dark at 30ºC for an additional 24 h. then examined for haustorium initiation using a stereomicroscope. 
 
Identification of the most efficient isolates: 
 The most efficient bacterial isolates (ISO20, ISO29 and ISO30) were identified using morphological and 
biochemical characteristics. 
 
Statistical analysis: 
 Data on percentage germination and haustorial initiation were calculated for each disc, transformed using arcsine 
transformation and subjected to analysis of variance (ANOVA). Means were tested for significance by the Duncan 
Multiple Range Test at P<0.05 (Gomez and Gomez, 1984). 
 

RESULTS AND DISCUSSION 
 

Effects of endophytic bacterial isolates applied during conditioning on S. hermonthica germination: 
 Striga seeds conditioned in water displayed high germination (90–94%) in response to GR24 (Table 1). However, 
LGI broth medium reduced seeds germination, albeit not significantly as compared to the water control in response 
to GR24. Isolate IS30 was found to be promising endophytic bacteria that could stimulate the germination of S. 
hermonthica in response to GR24 as compared to LGI broth medium. It significantly (P≤0.05) increased germination 
by 19%. However, seeds conditioned in the presence of bacterial isolate IS20 sustained the lowest germination 
(20%) in response to GR24 at 0.01 as compared to the water control.  
 
Table 1.  Effects of endophytic bacterial isolates applied during conditioning on S. hermonthica seeds germination in response 

to GR24 (batch 1) 
 

Germination (%) 
GR24 
(ppm) 

Conditioning media Bacterial isolates 
W¹ B² IS20 IS24 IS25 IS28 IS29 IS30 

0.01 94    (76) 90    (72) 76  (61) 95  (81) 95 (81) 81 (65) 86 (69) 96 (82) 
0.1 90    (75) 88    (71) 79  (63) 91  (72) 95 (79) 92 (74) 87 (69) 96 (84) 
Mean 92  (75)bc 89  (71)bc 78 (62)a 93 (77)bc 95 (80)c 83 (70)ab 87 (69)ab 96 (83)c 

 

1Water, 2LGI broth medium. Values between parenthesis indicate arcsine transformed data. 
Means followed by the same letter(s) are not significantly different according to DMRT at P<0.05 

S.E. for bacteria (±3.8) S.E. for GR24 concentration (±1.8)       S.E. for interaction (±5.3) 

 
 In the second batch, GR24 applied to seeds conditioned in water induced germination by 91- 96%. Seeds 
conditioned in the LGI broth medium reduced the germination albeit not significantly as compared to water control 
(Table 2). Isolate IS18 stimulated the germination of Striga by 18% at the lower concentration of GR24 as compared 
to the medium control. However, at the higher concentration of GR24 no effect was observed. On the other hand, 
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the endophytic bacterial isolates IS19, IS21 and IS31 significantly (P≤0.05) reduced germination at the lower 
concentration of GR24 as compared to the water control. They reduced germination in a range between 14-20%. 
 
Table 2. Effects of endophytic bacterial isolates applied during conditioning on S. hermonthica seeds germination in response to 

GR24 (batch 2) 
 

Germination (%) 
 Conditioning media Bacterial isolates 
GR24 
(ppm) 

W¹ B² IS18 IS19 IS21 IS22 IS26 IS27 IS31 IS32 

0.01 96    (80) 88       (70) 96 (82) 83  (66) 81 (64) 91 (75) 94 (78) 87 (69) 86 (68) 92 (74) 
0.1 91    (75) 87    (69) 93 (77) 96  (81) 93 (75) 84 (66) 95 (81) 92 (76) 82 (65) 92 (77) 
Mean 93  (77)bc 87  (69)ab 94 (79)c 90 (73)abc 87 (70)ab 87 (71)ab 95 (79)c 89 (73)abc 84 (67)a 92 (75)abc 

 

1Water, 2LGI broth medium. Values between parenthesis indicate arcsine transformed data. Means followed by the same 
letter(s) are not significantly different according to DMRT at P<0.05 

S.E. for bacteria   (3.6±) S.E. for GR24 concentration (±1.7) S.E. for interaction (±5.2) 
 

Effects of endophytic bacterial isolates on S. hermonthica germination: 
 Striga seeds conditioned in water or LGI broth medium and treated with GR24 showed comparable germination 
by 90 - 92% (Table 3). Seeds conditioned in the presence of bacterial isolate IS28 significantly (P≤0.05) enhanced 
germination by 17 and 19% in response to the higher concentration of GR24 as compared to the medium and water 
controls, respectively. However, bacterial isolate IS29 reduced germination, albeit not significantly in response to 
GR24 at 0.1 ppm as compared to the water control.  
 

Table 3. Effects of endophytic bacterial isolates on S. hermonthica germination in response to GR24 (batch 1) 

 
Germination (%) 
 Conditioning media Bacterial isolates 
GR24 
(ppm) 

W¹ B² IS20 IS24 IS25 IS28 IS29 IS30 

0.01 91    (73) 90    (71) 95 (79) 91 (73) 96 (80) 97 (83) 97 (81) 92 (76) 
0.1 92    (74) 91    (73) 92 (78) 98 (84) 89 (71) 99 (87) 86 (68) 93 (76) 
Mean 92    (74)a 90   (72)a 93 (78)ab 95 (79)ab 92 (75)a 98 (85)b 91 (75)a 92 (76)a 

 

1Water, 2LGI broth medium. Values between parenthesis indicate arcsine transformed data Means followed by the same 
letter(s) are not significantly different according to DMRT at P<0.05 

S.E. for bacteria (±3.6)  S.E. for  GR24 concentration (±1.8)   S.E. for interaction (±5.1) 
 

 In the second batch, GR24 (0.01 and 0.1ppm) applied to seeds conditioned in water induced the highest 
germination by 80 to 89% (Table 4). However, seeds conditioned in the presence of LGI broth medium displayed a 
significant reduction in germination in response to GR24 at 0.1 ppm as compared to the water control. Among all 
bacterial isolates, isolates IS22 and IS27 showed a considerable inhibition of Striga seed germination in response to 
GR24 at the lower concentration as compared to water control. They significantly (P≤0.05) reduced germination by 
24 and 12 %, respectively. At the higher concentration of GR24, bacterial isolates IS18, IS21, IS22, IS27 and IS31 
significantly (P≤0.05) reduced germination in a range between 22 and 34 % as compared to the water control.  
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Table 4. Effects of endophytic bacterial isolateson S. hermonthica germination in response to GR24 (batch 2) 

 
Germination (%) 
 Conditioning media Bacterial isolates 
GR24 
(ppm) 

W¹ B² IS18 IS19 IS21 IS22 IS26 IS27 IS31 IS32 

0.01 80    (64) 65    (54) 65   (54) 72 (58) 66     (54) 56 (49) 79 (63) 64 (53) 65 (54) 64   (54) 
0.1 89    (73) 71    (58) 65   (54) 84 (65) 70     (57) 55 (48) 80 (64) 56 (49) 61 (52) 76   (61) 
Mean 84   (69)e 68  (56)abcd 65 (54)abc 78 (62)cd 68 (56)abcd 56 (48)a 79 (63)de 60 (51)ab 63 (53)ab 70 (57)bcd 

 

1Water, 2LGI broth medium. Values between parenthesis indicate arcsine transformed data. 
Means followed by the same letter(s) are not significantly different according to DMRT at P<0.05 S.E. for bacteria (±3.7)

 S.E. for concentration (±1.7) S.E. for interaction (±5.1) 

 
 Several bacterial isolates and strains including Pseudomonas putida and Azospirillum brasilense were reported 
to suppress or enhance S. hermonthica germination (Miche , 2000; Ahonsi , 2002; Hassan , 2009; Babalola, 2010). 
Inhibitory effects of bacteria, irrespective of the conditioning status could be attributed to i) direct effect of the 
bacterium on seed or indirectly through production of chemical(s) that is/are toxic to seeds ii) inhibitors of ethylene 
biosynthesis iii) inhibitor of ethylene action promoters of ethylene deactivation and/or promoters of ethylene 
biosynthesis (Babiker , 1993, Babiker, 2007). The low stimulation of S. hermonthica by the bacterial isolates may be 
explained by the diffusion rates of the stimulant produced by the isolates. The isolates so far obtained were identified 
as low stimulant producers (Babalola , 2010). Babalola , (2007) reported that the bacterial isolates could stimulate 
S. hermonthica germination in the laboratory and in the green-house. Suppressive effects of endophytic bacteria on 
Striga seed germination may be due to production of acetic acid. Bouillant  (1997) reported that certain rhizobacteria 
viz Azospirillum brasilense act against Striga hermonthica by bacterial exudates. On the other hand, the stimulatory 
effects of bacterial isolates could be due to promotion of ethylene biosynthesis and/or production of some 
phytohormones (Imaseki, 1991; Babalola, 2010). 
 
Effects of bacterial isolates, on Striga haustorial initiation: 
 Striga germilings resulted from seeds conditioned in water and treated with DMBQ at 10 and 20 µM displayed 
66 and 82% haustoria, respectively (Table 5). However, Striga germilings resulted from seeds conditioned in LGI 
broth medium and treated with DMBQ reduced haustorium initiation, albeit not significantly as compared to the water 
control. Isolate IS30 significantly (P≤0.05) induced haustoria in response to DMBQ at the lower concentration as 
compared to LGI broth medium, it induced haustoria by 31%. On the other hand, the bacterial isolate IS29 was the 
only isolate that showed a considerable inhibition of haustorium initiation (23- 26%) in response to DMBQ compared 
to conditioning media.  
 

Table 5.  Effects of endophytic isolates on  S. hermonthica haustoria in response to DMBQ 

 
Haustorium initiation (%) 
 Conditioning media Bacterial isolates 
DMBQ 
(µM) 

W¹ B² ISO20 ISO29 ISO30 

10 66 (54) 62 (52) 53 (47) 64 (55) 86 (68) 
20 82 (65) 80 (63) 87 (70) 32 (34) 32 (34) 
Mean 74 (60)c 71 (57)bc 70 (58)c 48 (45)a 59 (51)ab 

 

1Water, 2LGI-P broth medium. Values between parenthesis indicate arcsine transformed data. 
Means followed by the same letter(s) are not significantly different according to DMRT at P<0.05 

S.E. for bacteria (±3.4)       S.E. for concentration (±2.6)        S.E. for interaction (±5.8) 

 
 Inhibition of haustorium initiation in Striga by bacteria may be attributed to phytotoxic substances, inhibitors or 
extracellular enzymes that degrade, curtail release of the haustorium factor from the host root (Keys , 2000; Mabrouk 
, 2006). 
 
Characterization and identification of the most potential bacterial isolates: 
 Among 14 bacterial isolates, the most three efficient isolates ISO20, ISO29 and ISO30 were suspected to belong 
to Gluconacetobacter spp. which were the most efficient recording either inhibition and/or induction depending upon 
the status of Striga seeds conditioning (Table 6). 
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Table 6. Some morphological and biochemical characteristics of the most efficient endophytic bacterial isolates 
 

  Isolates 
Test ISO20 ISO29 ISO30 

M
o

rp
h
o
lo

g
ic

a
l 

c
h
a
ra

c
te

ri
s
ti
c
s
 

Growth in semi-solid LGI-P Yellow Pellicle Yellow Pellicle Yellow Pellicle 
Growth in solid LGI-P Orange Orange Orange 
Brawn pigment in PDA -ve -ve -ve 
Gram stain Gram negative Gram negative Gram negative 
Shape Short rod Short rod Short rod 
Endospore -ve -ve -ve 
Motility  +ve +ve +ve 

C
o
n
v
e
n
ti
o

n
a
l 

b
io

c
h
e
m

ic

a
l 

te
s
t 

Catalase +ve +ve +ve 
Oxidase -ve -ve -ve 
H2S production -ve -ve +ve 
Oxidation fermentation (OF)1 O/- O/- O/- 

A
P

I 
2
0
 N

E
 

Reduction of  NO3 to NO2 -ve -ve -ve 
Indole production -ve -ve -ve 
Glucose fermentation  -ve -ve -ve 
Arginine dihydrolase  +ve +ve +ve 
Urase  +ve -ve +ve 

Hydrolasis  - glucosidase  +ve +ve +ve 

Hydrolysis protease  -ve -ve -ve 

-galactosidase (para- Nitrophenyl  

-D galactopyranosidase) 

+ve +ve +ve 

Assimilation glucose +ve +ve +ve 
Assimilation arabinose  +ve +ve +ve 
Assimilation manose  +ve +ve +ve 
Assimilation manitol  +ve +ve +ve 
Assimilation N-acetyl-glucosamine +ve +ve +ve 
Assimilation maltose  +ve +ve +ve 
Assimilation potassium gluconate +ve +ve +ve 
Assimilation capric acid +ve +ve +ve 
Assimilation adipic acid +ve +ve +ve 
Assimilation malate +ve +ve +ve 
Assimilation trisodium citrate  +ve +ve +ve 
Assimilation phenyl acetic acid  +ve +ve +ve 

 Tentative  identification Gloconacetobacter Gloconacetobacter Gloconacetobacter 
 

1 Oxidation fermentation test, O: oxidative 
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