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ABSTRACT 

 
Current research objective was to controlled root pathogens by using solanaceous leaves extract in addition with 

microbial antagonists. Tested seeds (okra and cowpea) were treated with W. somnifera, S. nigrum and D. alba leaves 

extracts (100% w/v concentration), while soil was drenched with microbial antagonists namely, P. lilacinus, T. 

harzianum, R. meliloti and P. aeruginosa separately. Improvement of growth parameters (length and weight of 

root/shoot) were recorded in both tested plants as well as suppressed the colonization of Fusarium spp., R. solani and 

M. phaesolina in combination with microbial antagonists as compared to alone treatments. Highest number of nodules 

was noticed in cowpea plants when seeds treated with extracts of D. alba leaves along with soil drenched with P. 

aeruginosa. Best control of root rot colonization was noted in both hosts when seeds were treated with W. somnifera 

and D. alba leaves extract in addition with soil drenched with T. harzianum and P. aeruginosa, respectively. 
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INTRODUCTION 

 

Plant infection caused by pathogenic fungi produces serious affect in agricultural field (Rattink, 1992) 

especially root pathogenic fungi such as Fusarium spp. (produces wilt, root and stem rot diseases), R. solani 

(produces damping off of seedling) and M. phaseolina (causes charcoal rot and root rot diseases) which reduced the 

yield of crops but also agricultural economy (Wheeler and Rush, 2001; Tanina et al., 2004). 

     Medicinal plant extracts possess anti-microbial activity (Talibi et al., 2012). Therapeutic effects of medicinal 

plants attract the attention of researchers as substitute technique for controlling diseases and prevent environment 

from the application of hazardous fungicides (Monte, 2001). Bioactive compounds in plants used in medicines 

which show potent effect in the health of human and also against microbial diseases (Ateş and Erdoğrul, 2003). 

Medicinal plants include solanaceace family which have four thousand species present in mild and humid areas 

(Knapp et al., 2004). Important species includes S. nigrum, W. somnifera and D. alba (Abramowics, 1990) popularly 

known for medicinal significance due to the presence of alkaloids which includes scopolamine, atropine, steroidal 

glycoalkaloids, withanolides and hyoscyamine compounds (Ansari, 2005; Mahesh and Satish, 2008). Compounds 

isolated from these plants used to cure many types of disease infections (Kone et al., 2004). 

     Several formulations have been used against root pathogens like medicinal plant extracts (Babu et al., 2008; 

Dawar et al., 2020), bacterial suspensions or fungal spores as microbial antagonists to inhibit the population of root 

rot fungi in plants (Harman et al., 1980; Saleem et al., 2000; Hanif and Dawar, 2015). Antagonists act as a bio-

control agent to suppress the pathogenic population, in which fungal antagonists (Trichoderma spp. and 

Paecilomyces spp.) and bacterial antagonists  species (Rhizobium sp., Pseudomonas  sp. and Bacillus sp.) applied as 

soil drenching or seed treatment methods to control the root pathogens (Bari, 2001; Bajwa et al., 2003; Abdel-

Monaim, 2014) by the production of chitinolytic enzymes secreted by microbial antagonists which killed the 

mycelium of  pathogens to  recover the plant health (Cook, 2000; Gilreath, 2002). Chitinase enzymes produced by 

microbial antagonists break the fungal cell wall which is made up of β-glucan, chitin and polysaccharides (Haram et 

al., 1996; Howell, 2003) protecting roots from the invasion of fungal attack in plants (Weller, 1988). 

Therefore, the main purpose of this study was to evaluate the controlled of root rot pathogenic fungi by the 

combined effect of solanaceous plants and microbial antagonists for the improvement of growth parameters of 

crops. 
 

MATERIALS AND METHODS 
 

I) Collection/preparation of leaves extract and culture of microbial antagonists  
Healthy leaves of W. somnifera, S. nigrum and D. alba were collected from various Departments of University 

of Karachi. Leaves were dried and made fine powder. Powder of each tested plant was kept in the separate jar. 

Tested leaves powder (10g) was soaked in 90mL SDW (sterilized distilled water) separately. After 24 h filtrate the 
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extract, respectively. Culture of microbial antagonists was collected from Plant Pathology Laboratory, KU. Fungal 

antagonists such as Paecilomyces lilacinus (Strain #12), Trichoderma harzianum (Strain #60) were grown on PDA 

(Potato Dextrose Agar) medium for one week. While, bacterial antagonists such as Rhizobium meliloti (Strain #-19) 

and Pseudomonas aeruginosa (Strain #-20) were grown on YEMA (yeast extract mannitol agar) and King’s B 

medium respectively, were kept at room temperature (28-30
0
C) for 48 hours depending upon population growth. 

 

II) In Vivo experiment 

Sandy loam soil collected from Department of Botany (KU) contains ≥7.8 pH and moisture content 40% (Keen 

and Raczkowski, 1992). Natural infestation isolated from soil contains R. solani 15% by baiting technique 

(Wilhelm, 1955), 9-11 sclerotia/g of M. phaseolina by wet sieving technique (Sheikh and Ghaffar, 1975) and 2700 

CFU/g Fusarium spp. by serial dilution technique (Nash and Synder, 1962). Cowpea and okra seeds were treated 

with pure concentration of leaves extracts of W. somnifera, S. nigrum and D. alba, respectively. Five treated seeds of 

both hosts were sown in each plastic pots (300g) individually along with each microbial antagonist suspensions of P. 

lilacinus (82×10
-6

conida/mL), T. harzianum (96×10
-5

conida/mL), R. meliloti (77×10
-5

cells/mL) and P. aeruginosa 

(68×10
-5

cells/mL) were drenched (20mL) individually in soil and replicated thrice. Untreated seeds and undrenched 

soil was taken as control. These pots were kept in the screen house for one month and regularly watered the plants. 

 

III) Collection of data 

Uprooted plants after one month and record the growth parameters (shoot/root length and weight and number of 

nodules). Each root after surface sterilization with 1.0% calcium hypochloride was cut in to five pieces and each 

piece was placed on poured plates of (PDA). Plates were incubated at 30-32
0
C for six days and after incubation 

period, percentage of root rot pathogens colonization from each root pieces were recorded. Data were analysed by 

one way of (ANOVA) and note down the least significant difference (LSD) at P=0.05 (Gomez and Gomez, 1984). 

 

RESULTS 

 

1) Abelmoschus esculentus 

Treated seeds with 100% w/v leaves extract of W. somnifera, S. nigrum and D. alba along with fungal/bacterial 

antagonists (P. lilacinus, T. harzianum, R. meliloti and P. aeruginosa) were drenched in soil separately that 

enhanced the growth of shoot length/weight and root length/weight followed by individual treatments (P < 0.001) . 

Maximum plant length and weight was observed when seeds treated with D. alba and W. somnifera leaves extracts 

in combination with microbial antagonists of T. harzianum and P. aeruginosa, respectively as compared to other 

treatments. Weight of root improved significantly (P < 0.001) when treated with W. somnifera leaves extract in 

addition with soil drenched with fungal conidia of T. harzianum but also showed greater inhibition of root 

pathogenic fungi colonization. Colonization of R. solani was completely suppressed by the leaves extract of W. 

somnifera and D. alba along with T. harzianum and P. aeruginosa drenched in soil, respectively followed by P. 

lilacinus and R. meliloti (Table 1). 

 

2) Vigna unguiculata 

Soil drenched with fungal and bacterial antagonists respectively along with solanaceous leaves extract not only 

improved the growth of cowpea plant but also controlled the fungal colonization of root rot pathogens (Fusarium 

spp., R. solani and M. phaseolina) as compared to alone treatments. Significant (P< 0.001) increased in growth 

parameters were noticed when tested leaves extract used along with microbial antagonists. Weight/length of shoot 

and root significantly (P<0.01) recorded highest with leaves extracts of W. somnifera and D. alba along with soil 

drenched with T. harzianum and P. aeruginosa, respectively as well as significantly (P<0.01) showed suppression 

against root rot pathogens as compared to untreated plant (control).. When soil was drenched with P. aeruginosa and 

R. meliloti separately and cowpea seeds were treated with leaves extract of D. alba increased the number of nodules 

(P<0.01) as compared to other treatments but also observed complete suppressed of mycelial growth of R. solani 

(Table 2). 

On the whole, better result of controlling  root infecting fungi on both crops (okra and cowpea) was showed by 

the seeds treated with 100% leaves extract of W. somnifera and D. alba along with soil drenched with microbial 

antagonist (T. harzianum and P. aeruginosa), respectively. Microbial antagonists in combination with antifungal 

compounds of leaves extract of solanaceous plants played vital role in the management of root rot fungi in contrast 

of using agrochemical (fungicidal) which controlled the plant pathogens but in the cost of disturbing soil ecosystem. 
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DISCUSSION 

 

Family Solanaceae is important due to possessing antifungal compounds which contain alkaloid compounds 

including scopolamine, atropine and hyoscyamine which make this medicinally important (Ansari, 2005). In our 

present research, the main motive was to control root fungal pathogens and improved the growth of cowpea and okra 

plants by using inexpensive and biological method. Cowpea and okra seeds treated with leaves extract (100% 

concentration) of W. somnifera, S. nigrum and D. alba along and with soil drenched with T. harzianum and P. 

aeruginosa respectively, ameliorate the parameters of growth of both tested hosts but also suppressed the infection 

of pathogenic fungi. Similar result was also reported by Hanif and Dawar (2015) when tested seeds (okra, 

sunflower, mung and mash beans) were treated with A. montana and T. occidentalis (homeopathic drugs) at 75% 

concentration along with soil drenched with microbial antagonists enhanced the growth of tested plants but also 

reduced the  colonization of root pathogens as compared to alone treatments. Furthermore, similar result was also 

observed when seeds treated with leaves extracts of S. pakistanica and S. holosericea at 100% concentration inhibit 

the colonization of Fusarium spp, R. solani and M. phaseolina (Emmanual et al., 2010). Leaves extracts of A. 

nilotica and S. mukorossi also suppressed the pathogenic fungi but also improved the growth of crops (Rafi et al., 

2015). Similar observation was also recorded by Abdel Kader et al., (2012) when T. harzianum and Pseudomonas 

spp., used single or in combination showed significant suppression of soil borne pathogens followed by B. subtilis. 

Leaves extract of P. juliflora at 100% w/v showed significant reduction of root rot diseases when drenched in soil 

(Ikram and Dawar, 2014).Same researchers also used in combination with microbial antagonists as soil drenching 

along with wild plant leaves extract as seed treatment which not only improved the growth of plant but also 

suppressed the root rot fungi (Ikram and Dawar, 2015). Alkhali (2005) reported that A. sativum, C. proxins, C. carvi 

and A. indica extract possess excellent antifungal activity against F. oxysporum, B. cinereal and R. solani. Seed 

treatment suppressed the residing fungi either on surface or inside the seed but also protect from the pathogen that 

are inhabitant in the soil which caused different seed borne diseases (Martha et al., 2003). 

Application of fungal/bacterial antagonists used as drenching in soil showed healthier plant growth but also 

suppressed fungal pathogens (Ehtesham-ul-Haque et al., 1990; Shahzad and Ghaffar 1992). Application of fungal 

and bacterial antagonists of such genera including Aspergillus, Trichoderma and Rhizobium  have been reported to 

be efficient in reducing root rot disease (Rajesh et al., 2007; Ullah, 2011). Used of halophytic plant extracts either 

alone or in combination with P. lilacinus gave better result against root rot fungi (Mehdi et al., 2000). Seedling 

infection can be controlled by the application of Trichoderma spp. (Bankole and Adebanjo, 1998). Trichoderma 

species gained considerable success against pathogenic fungi as it protect the root system against fungal infection 

reported on a number of crops (Siddiqui et al., 2001; Siddiqui and Shaukat, 2004; Lokesha and Benagi, 2007). 

Trichoderma species have the potential to colonize on the rhizosphere of plant roots but also suppressed the root 

pathogens of plant by producing antibiosis which enhanced the growth of plants (Harman et al., 2004; Ramezani, 

2008). Rhizobacteria increased plant growth by producing growth regulators which increased the yield of plants 

(Weller at al., 2002) but also controlled root pathogens (Seuk Bae et al., 2000). Rhizobial suspension when 

drenched in soil alone or in combination had been reported to inhibit fungal diseases and enhanced plant growth 

(Mazen et al., 2008). R. meliloti was found effective in controlling M. phaseolina colonization (Arora et al., 2001). 

Rhizobia bacteria also reported that it suppressed the M. phaseolina and Pythium spp. (Bardin et al., 2004). 

Marscher (1995) reported that increased in nitrogen level of root exudation by the stimulation of higher population 

caused by Pseudomonas aeruginosa and Rhizobium spp. around roots which reduced the M. phaseolina population 

in soil.  

Microbial antagonist increases the mineral nutrients in the plants by improving the plant nitrogen fixation due to 

secondary metabolites produces by friendly bacteria which also improve the plant health by controlling plant 

pathogens (Sturz and Christie, 2003; Moeinzadeh et al., 2010). Interactions of microbial antagonist with root 

pathogens considered as important mechanisms for biological control of various plant diseases (Khara and Hadwan, 

1990; Shalini et al., 2006).  Application of medicinal plant extracts in the controlling of root diseases in plants are 

non hazardous and do not disturb the soil environment (Elad, 2000). Use of solanaceous plants extracts along with 

microbial antagonists showed positive result in the growth promotion of okra and cowpea plants but also controlled 

the root infecting pathogens which is strongly recommend to use in agricultural fields. 
 

REFERENCES 
 

Abdel Kader, M., S. Nehal, E. Mougy, M.D. Aly and S.M. Lashin (2012). Different approaches of biocontrol agents 

for controlling root rot incidence of some vegetables under greenhouse conditions. Int. J. Agri. and Forest, 2(1): 

115-127. 



548  SHAISTA JABEEN ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 17 (3): 543-550, 2020. 

Abdel-Monaim, M. F. (2014). Enhancement of growth parameters and yield components in eggplant using 

antagonism of Trichoderma spp. against Fusarium wilt disease. Int. J. Phytopath., 3(1): 33-40.  

Abramowics, M. (1990). The choice of antimicrobial drugs. Medical letter on Drugs and Therapeutics, Afr. J. 

Microbiol. Res., 32: 41-48. 

Alkhail, A.A. (2005). Antifungal activity of some extracts against some plant pathogenic fungi. Pak. J. Biol. Sci., 

8(3): 413- 417. 

Ansari, S. H. (2005). Essentials of Pharmacognosy, 1st edition, pp. 448-456. 

Arora, N.K., S.C. Kang and D. K. Maheshwari (2001). Isolation of siderophore producing strains of Rhizobium 

meliloti and their bio control potential against Macrophomina phaseolina that cause charcoal rot of groundnut. 

Current Sci., 81(6): 673-677. 

Ates, A. and O.T. Erdoğrul (2003). Antimicrobial activities of various medicinal and commercial plant extracts. 

Türk J. Biol., 27:157-162. 

Babu J., D.A. Muzafar and K. Vinod (2008). Bioefficacy of plant extracts to control Fusarium solani F. Sp. 

Melongenae Incitant of brinjal wilt, Department of Microbiology and Microbial Technology, India Global 

Journal of Biotechnology and Biochemistry, 3(2): 56-59. 

Bajwa, R., A. Khalid and T. S. Cheema (2003). Antifungal activity of allelopathic plant extracts III: Growth 

responses of some pathogenic fungi to aqueous extracts of Parthenium hysterophorus. Pak. J. Pl. Pathol., 2: 

145-156.  

Bankole, S.A. and A. Adebanjo (1998). Efficacy of some fungal and bacterial isolates in controlling wet rot disease 

of cowpea caused by Pythium aphanidermatum. J. Plant Prot., 11:37–43. 

Bardin, S.D., H.C. Huang, J. Pinto, E.J. Amundsen and R.S. Erickson (2004). Biological control of Phythium 

damping-off of pea and sugar beet by Rhizobium leguminosarum bv. Viceae. Can. J. Bot., 82: 291-296. 

Bari, M. A. (2001). Biological control of soil borne diseases of vegetable. Contract Research Project, Plant 

Pathology Division, Bangladesh Agri. Research Institute, Joydebpur, Gazipur, pp. 21-49.  

Cook, R.J. (2000). Advances in plant health management in the 20
th

 century. Ann. Rev.Phytopath., 38:95-116. 

Dawar, S., A. Hanif and R. Siddique (2020). Management of root rot fungi by Grewia asiatica L. leaves and on the 

growth of crop plants. Pak. J. Bot., 52(2): 469-476. 

Ehtesham-ul-Haque, S. and A. Ghaffar (1990). Biological control of root rots diseases of okra, sunflower, soybean 

and mash bean. Pak. J. Bot., 22(2): 121- 124. 

Elad, Y. (2000). Biological control of foliar pathogens by means of Trichoderma harzianum and potential modes of 

action. Crop Prot., 19: 709-714. 

Emmanual, A., S. Dawar and M. J. Zaki (2010). Effect of Sida pakistanica S. Abedin and Senna holosericea Fresen 

on growth and root rot diseases of okra and mash bean. Pak. J. Bot., 42(1): 391-400.  

Gilreath, P. (2002). Manatee vegetable newsletter, University of Florida, Manatee Country Extension Service. 

January/ February. 

Gomez, K.A. and A. Gomez (1984). Statistical procedures for Agricultural Research 2nd ed. Willey, New York, pp. 

680. 

Hanif, A. and S.  Dawar (2015).  Crop protection against root rot fungi by combined effect of homeopathic drugs 

and microbial antagonists. International Journal of Modern Botany, 5 (2): 38-46.  

Haram, S. H., A. Schickler and I. O. Chet (1996). Differential expression of Trichoderma harzianum chitinase 

during mycoparasitism. Phytopathol, 86: 980-985.  

Harman, G.E., I. Chet and R. Baker (1980). Trichoderma hamatum effects on seed and seedling disease induced in 

radish and pea by Pythiumspp or Rhizoctoniasolani. Phytopathology, 70: 1167-1172. 

Harman GE, C. R. Howell, A. Viterbo, I. Chet, M. Lorito (2004). Trichoderma species--opportunistic, avirulent 

plant symbionts. Nat Rev Microbiol 2: 43-56. 

Howell, C. R. (2003). Mechanism employed by Trichoderma species in the biological control of plant diseases: The 

history and evolution of current concepts. Plant disease, 87: 4-10.  

Ikram, N. and S. Dawar (2014). Application of Prosopis juliflora (Sw.) DC. extracts in the management of root 

infecting fungi of cowpea and mungbean. Int. J. Biol. Biotech., 11(4):581-587. 

Ikram, N. and S. Dawar (2015). Efficacy of wild plants in combination with microbial antagonists for the control of 

root rots fungi on mung bean and cowpea. Pak. J. Bot., 47(4):1457-1551. 

Keen, B.A and H. Raczkowski (1922). Clay contents and certain physical properties of soil. Journal of Agricultural 

Science. 11: 441-449. 

Khara, H. S. and H. A. Hadwan (1990). In vitro studies on antagonism of Trichoderma spp. against Rhizoctonia 

solani, thecausal agent of Damping off of Tomato. Plant Dis. Res., 2:144 -147. 



COMBINED EFFECTS OF LEAVES EXTRACT AND BICONTROL AGENTS ON ROOT ROT DISEASES  549 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 17 (3): 543-550, 2020. 

Knapp, S., L. Bohs, M. Nee and D. M. Spooner (2004). Solanaceae a model for linking genomics with biodiversity. 

Comp. Funct. Genom., 5: 285-291. 

Kone W. M, K. K. Antidehou, C. Terreaux, K. Hostettmann, D. Traore and M. Dosso (2004). Traditional medicine 

in North Cote-d ´Ivoire: Screening of fifty medicinal plants for antibacterial activity. J. Ethnopharmacol., 93: 

43-49. 

Lokesha, N.M. and V.I. Benagi (2007). Biological management of pigeon pea dry root rot caused by Macrophomina 

phaseolina. Karnataka J. Agric. Sci., 20: 54-56. 

Mahesh B. and S.Satish (2008). Antimicrobial activity of some important medicinal plant against plant and human 

pathogens. World J. Agri. Sci., 4: 839-843. 

Marschner, H. (1995). Mineral nutrition of higher plants. 2nd edition. Academic Press. London. 

Martha, M., J. Riesselman, D. Mathre, B. Jhonston and S. Blodgett (2003). Manual of small seed grain treatment 

guide, pp.55. 

Mazen, M.M., El-Batanouny, N.H., Abd-El-Monium and O.N. Massoud (2008). Cultural filtrate of Rhizobium spp. 

and Arbuscular Mycorrhiza are potential biological control agents against root rot fungus diseases of Faba bean. 

Global J. Biotech. andBiochem. 3(1):32-41. 

Mehdi, F.S., I.A. Siddiqui, N.I. Ali and M. Afzal (2000). Rhizosphere mycoflora of black mangrove seedling at 

Karachi Coast. Pak. J. Biol Sci., 3: 1352-1353. 

Moeinzadeh A, F. Sharif-Zadeh, M. Ahmadzadeh, F. Heidari (2010). Biopriming of sunflower (Helianthus annuus 

L.) seed with Pseudomonas fluorescens for improvement of seed invigoration and seedling growth. Australian 

journal of crop science. 4: 564-570. 

Monte, E. (2001). Understanding Trichoderma: Between biotechnology and microbial ecology, Int. Microbiol., 4: 1- 

4. 

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

Fusariun in field soils. Phytopathology., 52: 567-572. 

Paulitz, T.C. (1992). Biological control of damping-off diseases with seed treatments 145-156. In: biological control 

of plant diseases. (ES Tjamos, GC Papavizas, RJ Cook Eds). Plenum Press, NY and London. pp.145-146. 

Rafi, H., S. Dawar and M.J. Zaki (2015). Seed priming with extracts of Acacia nilotica (L.) Willd. ex Delile and 

Sapindus mukorossi (L.) plant parts in the control of root rot fungi and growth of plants. Pak. J. Bot., 47(3): 

1129- 1135. 

Rajesh, M., T. Anand and M. Muthamilan (2007). Biological control of cowpea [Vigna unguiculata (L.) Walp.] 

Root-rot caused by Macrophomina phaseolina (Tassi.) Goid. By bacterial and fungal antagonists. J. Biological 

Control 21(1): 111-118. 

Ramezani, H. (2008). Biological control of root-rot of eggplant caused by Macrophomina phaseolina. American-

Eurasia J. Agric. and Environ. Sci., 4(2): 218-220. 

Rattink, H. (1992). Targets for pathology research in protected crops. Pesticides Science, 36:385-388. 

Saleem, A., K. Hamid, A. H. Tariq and F. F. Jamil (2000). Chemical control of root and collar rot of chillies. Pak. J. 

Phytopath., 12(1): 1-5. 

Seuk Bae, Y., O.H. Choi, K.S. Park, S.B. Lee and C.H. Kim (2000). A useful method for functional analysis of plant 

growth promoting Rhizobacteria in the development of cucumber root system. Plant pathology Division, 

National Institute of Agricultural Science and Technology, Korea. Suwon, 441-707. 

Shahzad, S. and A. Ghaffar (1992). Effect of different populations of Paecilomyces lilacinus on the biological 

control of Macrophomina phaseolina and Meloidogyne incognita infection on mung bean. Expert consultation 

on plant Nematode Problems and their control in the Near East Region. 2nd International Meeting on Plant 

Nematology, Karachi. p.77. 

Shalini, S., K. P. Narayan, Lata and A. S. Kotasthane (2006). Genetic relatedness among Trichoderma isolates 

inhibiting a pathogenic fungi Rhizoctonia solani. African J. Biotechnology, 5: 580-584. 

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

Pak. J. Bot., 7: 13-17. 

Siddiqui, I. A., A. Zareen, M. J. Zaki and S. S. Shaukat (2001). Use of Trichoderma species in the control of 

Meloidogyne javanica, root knot nematode in okra and mungbean. Pak. J. Biol.Sci., 4: 846-848. 

Siddiqui, I.A. and S.S. Shaukat (2004). Trichoderma harzianum enhances the production of nematicidal compounds 

in vitro and improves biocontrol of Meloidogyne javanica by Pseudomonas fluorescens in tomato. Lett. Appl. 

Microbiol., 38:169-75. 

Sturz A.V., and B. R. Christie (2003). Beneficial microbial allelopathies in the root zone: the management of soil 

quality and plant disease with rhizobacteria. Soil and Tillage Research, 72: 107-123. 



550  SHAISTA JABEEN ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 17 (3): 543-550, 2020. 

Talibi I., L., Askarne, H., Boubakerand E.H. Boudyach (2012). Antifungal activity of Moroccan medicinal plants 

against citrus sour rot agent Geotrichum candidum. Lett. Appl. Microbiol., 55:155–161. 

Tanina, K., M. Tojo, H. Nasu and S. Kasuyama (2004). Pythium rot of chinsesai (Brassica compestris L. chinensis 

group) caused by Pythium ultimum var. ultimumand P. aphanidermatum. J. General Plant Pathol., 70:188-191.  

Ullah, M.H., M.A. Khan, S. T. Sahi and A. Habib (2011). Evaluation of antagonistic fungi against charcoal rot of 

sunflower caused by Macrophomina phaseolina (Tassi) Goid. African J. Environ. Sci. and Tech., 5(8): 616-621. 

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

181. 

Weller, D. M. (1988). Biological control of soil borne plant pathogens in the rhizosphere of bacteria. Annual review 

of Phytopathology, 26: 379-407.  

Weller, D.M., J.M. Raaijimakers, B.B.M. Gardener and L.S. Thomashow (2002). Microbial population responsible 

for specific soil suppressiveness to plant pathogens. Annual review of Phytopathology, 40: 309-348. 

Wheeler, T. and C. M. Rush (2001). Soil borne diseases. In: Encyclopedia of Plant Pathology. Maloy, O. C. and T. 

D. Murray (Eds.). Vol. 2. Wiley, New York, pp. 935-947.  

 

(Accepted for publication June 2020) 

 

 


