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ABSTRACT 

 
Herbicides such as bromacil and bromoxynil were used to study the activity against root infecting pathogens namely; 

Macrophomina phaseolina, Rhizoctonia solani and Fusarium spp. Herbicides were purchased from Agrochemical 

market of Karachi and applied as soil drenching (0.1, 1.0 and 2% v/v concentration) in pots and observe its effect on 

growth of cowpea and mung bean plants. Both herbicides gave significant effect on tested crops growth in contrast to 

control. Highest shoot and root weight of mung bean and cowpea were recorded when 2% (v/v) concentration of 

bromoxynil was used. Maximum suppression in colonization of root infecting fungi was recorded at 2% (v/v) 

concentration by both herbicides followed by 1.0 and 0.1% (v/v) concentrations. Out of all three concentrations tested, 

soil drenching with 2% (v/v) by both herbicides showed effective results which was selected for the field experiment. 

In field experiment, shoot length and weight were increased and also showed a greater number of nodules in mung bean 

and cowpea plants as compared to control. It was interesting to note that the weeds were found on the control plants, 

while it showed complete suppression in the treated plots with both herbicides. Fusarium spp., R. solani and M. 

phaseolina colonization were significantly reduced when soil was drenched with bromacil followed by bromoxynil 

herbicide. 
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INTRODUCTION 

 

Herbicides (weed killers) were first time discovered in second World War, also called as 2, 4-

Dichlorophenoxyacetic acid (2, 4-D) used as biochemical agents (Andrew et al., 2011). Herbicide concentration and 

its effectiveness on agricultural field have been depending on the application rates and the type of herbicide used 

(Sebiomo et al., 2011). However, its effects on soil, either increasing or decreasing, depend on the chemicals type 

and concentration on microbial species and environmental conditions (Zain et al., 2013). Herbicides such as 

bromacil (5-Bromo-3sec-butyl-6-methyluracil) is an effective herbicide used to control perennial, annual, broad leaf 

and grasses (Gardiner et al., 1969) while, bromoxynil (3, 5-dibromo-4-hydroxybenzonitrile) is especially effective in 

the control of weeds reported in cereal, corn, sorghum, onions, flax, mint, turf and on non-crop land (Cupples et al., 

2005). Herbicides produce both positive as well as negative effect on soil microbial microorganisms and their 

biomass depending on the concentration and its type (Scholter et al. 2003). Perucci et al. (2000) reported that 

rimsulfuron and imazethapyr herbicide when applied at field rates produce harmful effect on biochemical properties 

of soil and also on soil microbes. Sulfonyl urea herbicide decrease the amino acid assimilation ability of some 

bacteria which leads to declination of microbial biomass (Allievi and Gigliotti, 2001). Similarly several scientist 

reported toxic effect of bromoxynil herbicide on soil microbes in their research (El-Ghamry et al. 2000; Pampulha 

and Oliveira, 2006). Reduced population of nitrifying bacteria and inhibiting activity of ammonium oxidizing 

bacteria due to application of bromoxynil herbicide in soil was reported by Ratnayak and Audus (1978); Pampulha 

and Oliveira (2006).             

Root rot pathogenic fungi attack on roots limiting nutritional uptake resulting in the death of plants. Some 

common root infecting fungi present in Pakistan soil includes Alternaria alternata, A. tenuissima, Botryodiplodia 

theobromae, Curvularia clavata, C. lunata, Drechslera australiensis, D. hawaiiensis, Fusarium moniliforme, F. 

oxysporum, F. semitectum, F. solani, Macrophomina phaseolina and Rhizoctonia solani (Ghaffar, 1998). Of these, 

Fusarium spp. produces various symptoms namely wilting, chlorosis, necrosis, premature leaf drop, browning of the 

vascular system, stunting and damping-off diseases in various crops, including tomato, tobacco, legumes, cucurbits, 

sweet potatoes and banana and some other herbaceous plants (Synder and Hansen, 1940; Nelson et al., 1983). 

Similarly, M. phaseolina (charcoal rot fungus) and R. solani (foot rot and root rot fungi) present in soil in the form 

of mycelium and produces symptoms on various hosts (Sinclair, 1982; Mirza and Qureshi, 1978; Shahzad et al., 

1988; Parmeter, 1970). R. solani attack plants at any stage of growth and produces symptoms like reddish brown to 
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brown lesions, seedling damping off, girdled stem causing severe stunting and yellowing and thread like filamentous 

mycelium of fungus was easily observed with a hand lens (Ernest, 2013). Macrophomina phaseolina is a soil borne 

facultative parasite whose growth favored by high temperature of 30-35ºC, moisture stress, plant injury, flowering 

and seedling injury (Canaday et al., 1986; Magalhaes et al., 1982; Manici et al., 1995; Pearson et al., 1984). It 

survives as sclerotium in soil or inside diseased plant tissues.  

Herbicides application in soil may lead to adsorption on clay minerals, organic matter of soil, organoclay 

complexes which results in increment of herbicide concentrations on top layer of soil, becoming dangerous for other 

seasonal crops (Majka and Lavy, 1977; Sanchez-Camazano et al., 2000; El-Nahhal et al., 1998; 1999; Thurman et 

al., 1996). For this purpose, applied herbicide having some active ingredients and helpful in balanced ecosystem. 

For this reason, experiments were conducted on herbicides application in the improvement of crops growth and 

reduction of soil borne pathogenic fungi. 

         

MATERIALS AND METHODS 

 

Preparation of herbicides  

Two herbicides such as Bromacil and Bromoxynil were purchased from Agrochemical market of Karachi in the 

form of concentrated liquid. The stock solution is prepared by adding 250mL of sterilized water in 100mL 

concentrated solution of both herbicides separately. Further concentrations were made by adding sterile distilled 

water in the stock solutions.  

 

Physical properties of soil 

Pots were filled with 300 g of soil, obtained from experimental plot of Department of Botany, University of 

Karachi. Soil was examined for their physical properties like nature (sandy loam), pH (7-7.6), moisture holding 

capacity (24.04%), total organic matter (24%) (Keen and Raczkowski, 1922). Natural population of soil borne fungi 

were also estimated using different techniques like wet sieving technique for M. phaseolina (0-3 sclerotia/g), baiting 

technique for isolation of R. solani (6-10%) and for observing Fusarium spp., soil dilution technique (3700 CFU/g) 

were used (Sheikh and Ghaffar, 1975; Wilhelm, 1955; Nash and Snyder, 1962). 

 

Pot experiments 

Four treatments (soil drenching with each herbicide at 0, 0.1, 1 and 2 % [v/v] respectively) with 3 replicates of 

each treatment were placed in randomized manner on screen house bench of Department of Botany, University of 

Karachi. Four seeds of each crop (mung bean and cowpea) were sown in pot which on germination thinned to two 

plants per pot. 0% treatment containing soil drenching with 4 mL of distilled water (served as control). Before 

sowing all seeds were surface sterilized with 0.1% Calcium hypochlorite, washed thrice with distilled water and 

dried aseptically. Thirty days after germination of plants, experiment was terminated and different growth 

parameters were recorded.  

 

Field experiments 

Small size plots of 2x2 were prepared in the field of Department of Botany, University of Karachi. Soil 

drenching with 2% concentration of both herbicides was selected in field. Eight seeds of mung bean and cowpea 

were sown in each plot which after germination thinned to four seedlings. Data of growth and infection in roots were 

recorded after one month of germination. 

 

Observation of root infecting fungi 

Mung bean and cowpea roots were cut into 5 pieces of 1 cm and after surface sterilization with 1% calcium 

hypochlorite, were placed on Petri plates having Potato Dextrose Agar containing antibiotic (penicillin @ 

100,000/liter and streptomycin @ 20mg/L). Incubate these Petri plates at room temperature (27-33
º
C) for one week 

to record colonization of roots by pathogenic root infecting fungi (Kanwal et al., 2017; Rafi et al., 2016).                    

 

Data analysis 

All experiments were performed in a replicate of three and averages of growth parameters and colonization by 

root infecting fungi were calculated and run on COSTAT program and Duncan’s Multiple Range Test were also 

performed according to Sokal and Rohlf (1995).  
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RESULTS 

 

Pot experiment:  Plant height was significantly (P<0.05) increased when soil was drenched with 1% (v/v) bromacil 

but highest shoot length, root length and root weight were recorded when 2% (v/v) concentration of bromoxynil was 

used. Bromacil and bromoxynil impressively reduced Fusarium spp. colonization when soil drenching was carried 

out with 2% concentration (P<0.05). The frequency of colonization decreases as the concentrations of herbicides 

increases. R. solani colonization was reduced when soil was drenched with 2 % of both herbicides in cowpea while 

1 and 2 % v/v of bromoxynil reduced R. solani colonization in mung bean plant. In case of M. phaseolina, 

colonization % was decreased when soil was drenched with 1% concentration of bromacil followed by 2% 

concentration of bromoxynil (Fig. 1).  

Both herbicides bromacil and bromoxynil were equally effective at 2 % concentration followed by 1 % 

concentration in improvement of growth and control of root rot fungi of crop plants.  

 

Field experiment: In mung bean, shoot length was significantly increased (P<0.05) when soil was drenched with 

bromacil and bomoxynil as compared to control. In comparison between bromacil and bromoxynil, bromacil 

showed greater enhancement (P<0.05) in shoot length while shoot weight significantly increased (P<0.05) with 

bromoxynil. No affects was recorded on a number of leaves while number of nodules were enhanced with 

bromoxynil. Significant (P<0.05) results were observed in controlling the weeds. Two types of weeds were recorded 

in control plots while both herbicides such as bromacil and bromoxynil controlled the weeds in treated plots. The 

colonization percentage of root infecting fungi such as Fusarium spp., R. solani and M. phaseolina showed 

maximum inhibition when soil was drenched with bromacil and bromoxynil herbicides (Fig. 2). Herbicides showed 

greater effect on the growth parameters of cowpea. Shoot length increased with the use of bromacil and bromoxynil 

while shoot weight significantly (P<0.01) increased with the use of bromoxynil which showed that in the presence 

of herbicides cowpea plants become healthy while reduction in root rot fungi was recorded by the use of  both 

herbicides. Number of nodules and number of leaves increased, when the soil was drenched with herbicides such as 

bromacil and bromoxynil. Both the herbicides also reduced the number of weeds in treated plots as compared to the 

control plants. 

Out of two herbicides used in the field experiment, bromoxynil gave the best effect on plant health and also in 

the control of root rot fungi. 

DISCUSSION 

 

Effect of bromacil and bromoxynil as soil drenching was observed for their effectiveness on plant growth and 

controlling root pathogens. Generally herbicides used for control of unwanted plants or weeds. According to Mussa 

and Russel (1977), herbicides can transform the host plant structure and defense mechanisms results in enhancement 

of susceptibility to infection by stimulating or inhibition of associated microbes (Smiley and Wilkins, 1992). 

Bromacil and bromoxynil impressively reduced Fusarium spp. when soil drenching was carried out with 2% 

concentration of both the herbicides whereas colonization percentage of Macrophomina phaseolina growth 

decreased when soil was drenched with 1% concentration of bromacil and 2% concentration of bromoxynil. It was 

reported that bromoxynil herbicide caused suppressive effect in microbial activity and biomass by producing toxic 

effect on them (Abbas et al., 2014). Most of the researcher showed that by using herbicides on trees and other 

ornamental plants, growth parameters gradually increased (Davison, 1983). Roots are essential for absorbing water 

and mineral uptake and are predominantly found beyond the drip line. The studies on root system showed increment 

in root length and weight when herbicides are applied (Schnelle et al., 1989). According to Davies (1987), when 

plots were treated with herbicides, growth of plants was better than in cultivated plants. However, when 

management skills are low and non-selective herbicides such as imazapyr was used, it may cause severe damaged on 

plants (Ivens, 1996). The important part of herbicide is to produce positive impact on the crop plants in the presence 

of herbicide. Using a higher concentration of herbicides in treatment, results of microbial count were much lower 

when compared to soil treated with recommended doses (Ayansina and Oso, 2006). Experiments have shown that 

microbes may use herbicides as a source of carbon. It increased the microbial populations as the time period 

increases (Radosevich et al., 1995). Field experiment showed that when herbicides used as soil drenching, it 

increased growth parameters on crop plants. Shoot length and weight were increased when bromoxynil herbicides 

used. Greater number of nodules were recorded when both bromacil and bromoxynil herbicides used as compared to 

control.   
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Figure 1 continued..... 
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Fig. 1. Soil drenching with herbicides on growth parameters and control of root rot fungi on mung bean and cowpea 

plants. 

Herbicide 1= Bromacil                    Herbicide 2= Bromoxynil                 

Where, A= control; B = 0.1; C= 1% and D= 2% concentrations; herb. = herbicide; conc. = concentration 

Bars with similar letters are not significantly different at p<0.05 according to Duncan’s multiple range test. 
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 Figure 2 continued… 
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Fig. 2. Soil drenching with herbicides on growth parameters and in the control of root rot fungi on mung bean and 

cowpea plants under field condition. 

 A= control; B= 2% concentration of Bromacil; C= 2% concentration of Bromoxynil. 

Bars with similar letters are not significantly different at p < 0.05 according to Duncan’s multiple range test.    
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upon amount and persistence of weeds in standing crops (Patel et al., 2004). Application of herbicide in field 

depends largely on its effectiveness and economics. Sebiomo et al. (2011) reported that some microorganisms were 

able to degrade the herbicide, while some others were adversely affected depending on the application rates and the 

type of herbicide used. 

The aim of the present studies was to investigate the potentiality of bromacil and bromoxynil in the control of 

root rot fungi which help in the growth of leguminous plants. It was concluded that these herbicides showed an 

antifungal activity which was found good for the development of viable mode of agriculture in farming system. 

Hence, more improvement can be easily done by using herbicides on a large scale by recording its effect on the 

growth and in the control of root infecting fungi.  

 

Acknowledgements 

The research paper was possible due to the financial assistance of Dean Science, University of Karachi. 

 

REFERENCES 

 

Abbas, Z., M. Akmal, K.S. Khan and F. Hassan (2014). Effect of buctril super (Bromoxynil) herbicide on soil 

microbial biomass and bacterial population. Brazilian Archives of Biology and Technology, 57(1): 9-14. 

Allievi, L. and C. Gigliotti (2001). Response of the bacteria and fungi of two soils to the sulfonylurea herbicide 

cinosulfuron. Journal of Environmental Science and Health, 36: 161-175.  

Andrew, H., C. John and P. H. Reade (2011). Herbicides and Plant Physiology. John Wiley & Sons Technology and 

Engineering. p.296. 

Ayansina, A.D.V. and B.A. Oso (2006). Effect of two commonly used herbicides on soil micro flora at two different 

concentrations. African Journal of Biotechnology, 5(2): 129-132. 

Canaday, C.H., D.G. Helsel and T.D. Wyllie (1986). Effects of herbicide-induced stress on root colonization of 

soybean by Macrophomina phaseolina. Plant Disease, 70(9): 863-866. 

Cupples, A.M., R.A. Sanford and G.K. Sims (2005). Dehalogenation of the herbicides bromoxynil (3, 5-dibromo-4-

hydroxybenzonitrile) and ioxynil (3, 5-diiodino-4-hydroxybenzonitrile) by desulfitobacterium 

chlororespirans. Applied and Environmental Microbiology, 71(7): 3741-3746.  

Davies, R.J (1987). Trees and weeds. Weed control for successful tree establishment.  Forestry Commission, 

Handbook 2. London. Her Majesty’s Stationery Office. pp 35. 

Davison, J.G (1983). Weed control in newly planted amenity trees. Proc. Symp. on ‘Tree 

Establishment’. Bath University. pp 78. 

El-Ghamry, A.M., H. Chang-yong and X. Jian-ming (2000). Influence of chlorsulfuran herbicide on size of 

microbial biomass in soil. Journal of Environmental Sciences, 12(2): 138-143.  

El-Nahhal ,Y., S. Nir, T. Polubesova,L.  Margulies and B.  Rubin (1998). Leaching, phytotoxicity and weed control 

of new formulations of alachlor. Journal of Agriculture and Food Chemistry, 46: 3305–3313.  

El-Nahhal ,Y., S. Nir, T. Polubesova, L. Margulies and B.  Rubin (1999). Movement of metolachlor in soil: effect of 

organo-clay formulation. Pesticide Science, 55: 857–864.  

Ernest, E. (2013). Pea root rots, wilts and stem decay. Gordon Johnson, Extension Vegetable and Fruits specialist 

(https://extension.udel.edu/weeklycropupdate/?p=5763). 

Gardiner, J. A., R.C. Rhodes, J.P. Adam and E.J. Sоbоczenski (1969). Synthesis and studies with 2-C
14

-labelled 

bromacil and terbacil. Journal of Agriculture and Food Chemistry, 17: 980-986. 

Ghaffar, A (1998). Soil Borne Diseases. A final Research Report. Department of Botany, University of Karachi. 

Isik, D., E. Kaya, M. Ngouajio and H. Mennan (2009). Weed suppression in organic pepper (Capsicum annum L.) 

with winter cover crops. Crop Protection, 28: 356-363. 

Ivens, G.W. (1996). The UK Pesticide Guide. CAB International. pp 559. 

Kanwal , S., S. Dawar, M. Tariq and F. Imtiaz (2017). Exposure of technitium  -99M (TC-99) on seeds of some 

crops for the management of root infecting fungi. Pakistan Journal of Botany, 49(2): 763-768. 

Keen, B.A. and H. Rakzowski (1922). The relation between clay content and certain physical properties of soil. 

Journal of Agricultural Sciences, 11: 441-449. 

Magalhães, A.A. M.M. Choudhury, A.A. Millar and M.M. Albuquerque (1982). Effect of water deficit on 

Macrophomina phaseolina of bean. Pesquisa Agropecuária Brasileira, 17(3):  407-411. 

Majka, J.T. and T.L. Lavy (1977). Adsorption, mobility, and degradation of cyanazine and diuron in soils. Weed 

Science., 25: 401–406. 

Manici, L.M. F. Caputo and C. Cerato (1995). Temperature responses of isolates of Macrophomina phaseolina from 

different climate regions of sunflower production in Italy. Plant Disease, 79(8): 834-838. 



EFFECT OF HERBICIDES ON ROOT ROT FUNGI AND GROWTH OF CROP PLANTS            959 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 16 (4): 951-959, 2019. 

Mirza, J.H. and M.S.A. Qureshi (1978). Fungi of Pakistan. Dept. of Plant Pathology, University of Agric, 

Faisalabad. Pp. 311. 

Mussa, A. and P. Russell (1977). The influence of pesticides and herbicides on the growth and virulence 

of Fusarium solani f.sp. phaseoli. Journal of Agricultural Sciences, 88: 705-709. 

Nash, S.M. and W.C. Synder (1962). Quantitative estimation of plate count of the propagules of the bean root rot 

Fusarium in the field soils. Phytopathology, 52: 567-572. 

Nelson, P.E., T.A. Toussoun and W.F.U. Marsas (1983). Fusarium species. An illustrated Mannual for 

identification. The Pennsylvania State Univ. Press pp. 193. 

Pampulha, M.E. and A. Oliveira (2006). Impact of an herbicide combination of bromoxynil and prosulfuron on soil 

microorganisms. Current Microbiology, 53: 238-243. 

Parmeter, J.R (1970). Rhizoctonia solani biology and pathology. Univ. of California Press, Berkeley, Los Angeles 

and London. pp. 255. 

Patel, R.B., T.N. Barevadia, B.D. Patel and M. Meisuriya (2004). Effect of cultural and chemical methods on weed 

and fruit yield of green chili. Indian Journal of Weed Science. 36 (34): 300-301. 

Pearson, C.A.S., F.W. Schwenk, F.J. Crowe and K. Kelly (1984). Colonization of soybean roots by Macrophomina 

phaseolina. Plant Disease, 68(12): 1086-1088. 

Perucci, P., S. Dumontet, S.A. Bufo, A. Mazzatura and C. Casucci (2000). Effects of organic amendment and 

herbicides treatment on soil microbial biomass. Biology and Fertility of Soils, 32: 17-23.  

Radosevich, M., S.J. Traina, Y.I. Hai and O.H. Touvinen (1995). Degradation and mineralization of atrazine by a 

soil bacterial isolate. Applied and. Environmental Microbiology, 61: 297-302. 

Rafi, H., S. Dawar and M. Tariq (2016). Combined effect of soil amendment with oil cakes and seed priming in the 

control of root rot fungi of leguminous and non-leguminous crops. Pakistan Journal of Botany, 48(3): 1305- 

1311. 

Ratnayake, M. and L.J. Audus (1978). Studies on the effects of herbicides on soil nitrification. II. Pesticide 

Biochemistry and Physiology, 8: 170-185.  

Sanchez-Camazano, M., M.J. Sánchez-Martín and R. Delgado-Pascual (2000). Adsorption and mobility of linuron 

in soils as influenced by soil properties, organic amendments, and surfactants. Journal of Agriculture and Food 

Chemistry, 48: 3018–3026. 

Schloter, M., O. Dilly and J.C. Munch (2003). Indicators for evaluating soil quality. Agriculture, Ecosystem and 

Environment, 98: 255-262.  

Schnelle, M.A., J.R. Feucht and J.E. Klett (1989). Root systems-facts and fallacies.  Journal of Arboriculture. 15(9): 

201-204. 

Sebiomo, A., V.W. Ogundero and S.A. Bankole (2011). Effects of four herbicides on microbial population, soil 

organic matter and dehydrogenase activity. African Journal of Biotechnology. 10(5):770-778. 

Shahzad, S., A. Sattar and A.Ghaffar (1988). Additions to the hosts of Macrophomina phaseolina. Pakistan Journal 

of Botany, 20:54-57. 

Sheikh A.H. and A. Ghaffar (1975). Population study of sclerotia of Macrophomina phaseolina in cotton field. 

Pakistan Journal of Botany, 7: 13-17. 

Sinclair, J.B (1982). Compendium of soya bean disease. 2
nd

 edition. American Phytopathological society. pp.104. 

Smiley, R.W. and D.E. Wilkins (1992). Impact of sulfonylurea herbicides on Rhizoctonia root rot, growth and yield 

of winter wheat. Plant Diseases, 76: 399-404. 

Sokal, R.R. and F.J. Rohlf (1995). Biometry: The Principals and Practices of Statistics in Biological Research. 

Freeman, New York. pp.887. 

Synder, W.C. and H.N. Hansen (1940). The species concept in Fusarium. American Journal of Botany, 27: 64-67. 

Thurman, E.M., D.A. Goolsby, D.S. Aga, M.L. Pomes and M.T. Meyer (1996). Occurrence of alachlor and its 

sulfonated metabolite in rivers and reservoirs of the Midwestern United States: The importance of sulfonation in 

the transport of chloroacetanilide herbicides. Environmental Science and Technology, 30: 569–574. 

Wilhelm, S (1955). Longevity of Verticillium with fungus in the laboratory and field. Phytopathology, 45: 180-181. 

Zain, N.M.M., R.B. Mohamad, K. Sijam, M.M. Morshed and Y. Awang (2013). Effects of selected herbicides on 

soil microbial populations in oil palm plantation of Malaysia: A microcosm experiment. African Journal of 

Microbiology Research, 7(5): 367-374. 

 

(Accepted for publication September 2019) 


