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Abstract 

 

The aim of present study was to examine the effects of herbicides and microbial 

antagonists combinedly on growth and root rot diseases of crop plants. For this bromacil 

and bromoxynil herbicides and antagonists like Bacillus thuringiensis and Rhizobium 

meliloti were used. Pot experiment was conducted in which herbicides and antagonists 

were used separately and combinedly as seed dressing and soil drenching. Results 

indicated that combination between B. thuringiensis soil drenching with bromacil seed 

treatment improved growth of cowpea and mung bean plants. Root infecting pathogens 

like Macrophomina phaseolina, Rhizoctonia solani and Fusarium spp., were significantly 

reduced or completely controlled as a result of combined applications of both bacterial 

antagonists with herbicides. 
 

KEYWORDS: Bromacil and bromoxynil, Cowpea, Mung bean, Root infecting fungi, 

Soil drenching, Seed treatment. 
 

 

INTRODUCTION 
 

Herbicides are the chemicals used to control unwanted plants, also referred as “weed 

killers”. Main purpose of removing the weed from field is to reduce the competition as 

weeds appear faster and grow rapidly than crop using the resources like nutrients, 

moisture, sunlight and space during vegetative and early reproductive stages (Isik et al., 

2009). The application of herbicide in field depends largely on its effectiveness and 

economics like some microorganisms are degraded due to herbicide, while some others 

were harmfully affected by it (Zain et al., 2013; Sebiomo et al., 2011). Bromacil (5-

Bromo-3sec-butyl-6-methyluracil) is an effective herbicide used to control perennial, 

annual, and broadleaf grasses and also used as inhibitor of photosynthesis (Gardiner et 

al., 1969). Some of the fungi, however, utilize the bromacil molecule or parts of the 

molecule as a carbon and energy source (Wolf et al., 1975). Bromoxynil (3,5-dibromo-4-

hydroxybenzonitrile; C7H3Br2NO), is a nitride herbicide. This herbicide is used for the 

control of weeds. The weeds around crops like cereal, corn, sorghum, onions, flax, mint, 

turf, were controlled due to use of bromoxynil by inhibiting photosynthesis in the target 

plants (Cupples et al., 2005). 

The effect of herbicides may be positive as well as negative on soil 

microorganisms. Microorganisms enhance the soil quality due to their function 

(Scholter et al., 2003). Applied herbicides are deleterious for soil microorganisms (El-

Ghamry et al., 2000; Pampulha and Oliveira, 2006). Bromoxynil herbicide reported to 

reduce population of nitrifying bacteria in soil (Ratnayak and Audus, 1987). 
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The biocontrol agent (BCA) is referred to the organism which suppresses the pest or 

pathogen e.g., Pseudomonas known to produce the antibiotic 2,4-diacetylphloroglucinol 

(DAPG) which can aggressively colonize roots and suppresses pathogen activity in the wheat 

rhizosphere through competition for organic nutrients (Raaijmakers et al., 1999). In contrast, 

to chemical used, mostly researchers used beneficial organisms to improve the growth of plant 

with improvement in soil productivity and also environmental health (O’Connell, 1992; 

Esitken et al., 2005). The number of bacterial species associated with rhizosphere such as 

Alcaligenes, Arthrobacter, Azospirillium, Azotobacter, Bacillus, Beijerinckia, Burkholdria, 

Enterobacter, Erwinia, Flavobacterium, Rhizobium and Serrotia species, are found to be 

beneficial for plant growth, yield and crop quality (Bashan and de-Bashan, 2005). Keeping in 

view the benefits of BCA, an experiment was carried out to evaluate the effects of herbicides 

in combination with biocontrol agents on the growth and in the control of root infecting fungi 

of leguminous plants. 

 

MATERIALS AND METHODS 

 

Herbicides and microbial antagonists’ collection: Herbicides like Bromacil and 

Bromoxynil were purchased from Agrochemical market of Karachi. These concentrated 

liquid were diluted by adding sterile distilled water to make different concentrations (0.1, 

1 and 2% v/v). 2% concentration gave better result in the improvement of crop growth so, 

this concentration was further used (Zehra, 2016). However, microbial antagonists 

includes Bacillus thuringiensis and Rhizobium meliloti were obtained from Karachi 

University Culture Collection (KUCC). These antagonists were grown on nutrient broth 

medium and yeast extract mannitol agar (YEMA), respectively, incubated at 28-30°C for 

24-96 h depending upon population growth. Bacterial colonies (B. thuringiensis and R. 

meliloti) growing on Petri plates were counted and multiplied by the dilution factor which 

gave CFU/mL of bacteria (Yadav et al., 2010). 

 

Experimental setup: Seeds of mung bean and cowpea were surface sterilized using 

sodium hypochlorite (1%) for three minutes, rinsed thoroughly in running tap water and 

dried aseptically. After which seeds were coated with B. thuringiensis and R. meliloti 

separately by using 1% gum Arabic solution. Seeds were air dried, sown in pots 

containing 300 g soil.  Herbicides (bromoxynil and Bromacil at the rate of 2%v/v) were 

drenched in soil and the plants allowed growing upto 30 days after germination. After 

thirty days plants were removed from pots and record data for growth of crops along with 

the colonization % of root rot fungi. For this, roots were washed in running tap water, 

surface sterilized with 1% sodium hypochlorite and then placed on PDA poured plates 

(five root pieces). Plates were incubated for 5 days at room temperature after which 

colonization of roots by pathogenic fungi were recorded. 

In another experiment soil was drenched with microbial antagonists (10 mL/pot) and 

seeds of tested crops were treated with 2% herbicide. Similar procedure was adopted as 

mentioned as above Data obtained were analyzed using COSTAT software.  

 

RESULTS AND DISCUSSION 

 

Combination of herbicide and microbial antagonists showed effective results on 

cowpea growth. Significant (p<0.05) increment in shoot length, root length and root 

weight were recorded when B. thuringiensis soil drenching used in combination with 
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bromacil seed treatment. However, shoot weight was maximum when R. meliloti soil 

drenching combined with seed treatment with bromacil. Similar results were found by 

Rafi and Dawar (2014) where bio priming of leguminous and non-leguminous seeds at 

different intervals with fungal and bacterial antagonists such as P. variotii, T. harzianum, 

R. meliloti and B. subtilis enhanced growth parameters and reduced the incidence of root 

rot fungi. Decrease in frequency of colonization % of root rot fungi were recorded by 

combined effect of microbial antagonists with herbicides. Maximum reduction in 

colonization of Fusarium spp., was recorded when combination of B. thuringiensis soil 

drenching with bromacil seed treatment was used. Furthermore, complete reduction of R. 

solani was recorded when B. thuringiensis soil drenching with bromoxynil seed treatment 

and R. meliloti soil drenching with bromoxynil seed treatment were used in combination. 

However, R. meliloti soil drenching with bromoxynil seed treatment, B. thuringiensis 

seed treatment with bromoxynil soil drenching were effective in complete inhibition of 

M. phaseolina colonization (p<0.05; Table 1). 

In case of mung bean, all growth parameters (shoot length, shoot weight, root length 

and weight) were significantly enhanced (p<0.05) by combination of B. thuringiensis soil 

drenching with bromacil seed treatment. Both herbicides used as seed treatment in 

combination with B. thuringiensis soil drenching reduced colonization % of Fusarium 

spp. However, R. solani colonization % was reduced by application of B. thuringensis 

seed treatment with bromoxynil soil drenching, B. thuringiensis seed treatment with 

bromacil soil drenching, R. meliloti soil drenching with bromacil seed treatment, R. 

meliloti seed treatment with bromacil soil drenching, B. thuringiensis soil drenching with 

bromacil seed treatment and B. thuringiensis soil drenching with bromoxynil seed 

treatment (Table 2). Complete reduction of M. phaseolina was observed by the 

application of R. meliloti soil drenching with bromacil seed treatment.  

Bacteria produced different kinds of metabolites including antibiotics and toxins 

which inhibit the growth of pathogenic organisms (Laura et al., 1998). Treatment of 

cotton seeds with Gliocladium virens and Bacillus spp. reduced the colonization of 

roots by F. oxysporum and reduced Fusarium wilt incidence and severity (Zhang et al., 

1996). 

Herbicides produce changes in the physiology and development of crop plants. The 

life of bromoxynil in soil is few days with minimum contamination in soil and food 

materials and its safer to use for wheat during spring fall season (Reddy et al., 2012; 

Grewal and Sharma, 2017). Changes like plant exudates modification and associated 

microorganism stimulation or inhibition is reported by Mussa and Russel (1977). Steven 

(1969) reported that total soluble protein of shoots was increased by Barban and 

Bromacil. According to Davison (1983), by using herbicides, trees and other ornamental 

plants growth parameters increased. The studies on root system showed increased in root 

length and weight when herbicides in combination with antagonists were applied 

(Schnelle et al., 1989).  

It is necessary to assess the positive effect of herbicides on target plants. Plant 

growth regulators have been recognized to stimulate growth and development of plants 

under optimal conditions and tolerance of plants to biotic and abiotic stresses (Ahammed 

et al., 2013; Bhajbhuje, 2015). Application of some herbicides resulted in increased lipid 

peroxidation and proline accumulation (Langaro et al., 2016). Experiments have shown 

that microbes may use herbicides as a source of carbon. It increased the microbial 

populations with time period (Radosevich et al., 1995). 
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We can conclude that application of herbicides in combination with antagonists 

showed better results in improvement of growth of crop plants with reduction of 

colonization of root infecting fungi. Therefore, seed treatment and soil drenching with 

bromoxynil and bromacil with antagonists should be applied in field to obtain better 

growth of crop plant. 
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