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ABSTRACT 

 

Due to adverse effect of pesticides, eco-friendly alternate method are gaining popularity. In this study biocontrol agents 

Trichoderma harzianum, fluorescent Pseudomonas and rhizobia showed significant bio-control activity in screen house 

experiment against root rotting fungi viz., Fusarium solani, Rhizoctonia solani, Macrophomina phaseolina and F. 

oxysporum on tomato plant alone or soil amended with mustard cake.  Soil amendment of mustard cake separately or mixed 

with biocontrol agents also significantly (p<0.05) produced positive impact on plant growth in terms of improvement in 

shoot length, root length and weight. 
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INTRODUCTION 

 

Tomato [Lycopersicum esculentum Mill.] an important vegetable crop contains fibber, vitamin A, vitamin C and 

potassium along with lycopene a dominant antioxidant and it is useful to avoid the growth of various cancer types 

(Adenuga et al., 2013). In Pakistan tomato covers an area of 58.1 thousand hectares with an annual production of about 

574 thousand tones (GOP, 2013). In Pakistan, there is an increase in the area of about 1.71% because of higher output 

prices (GOP, 2015) but infestation of root rotting fungi and root knot nematodes are major  limiting factor in tomato  

production (Sultana et al., 2011). Soil-borne root rotting fungi Rhizoctonia solani, Macrophomina phaseolina, Fusarium 

oxysporum, F. solani and root knot nematodes, are extremely destructive to tomato crop production (Jones et al., 1991). 

Using conventional strategies that includes synthetic fungicides and resistant cultivars to control soil borne plant 

pathogens is still questionable, expensive and deleterious to non-target microflora (Weller et al., 2002). Biological 

control now became a crucial aspects of plant disease management because safe and practical approach in many crops 

(Patel and Anahosur, 2001). The biocontrol of soilborne plant pathogens by in combination of organic amendments, 

micronutrients and biocontrol agents is a recent method in agriculture production to decrease the incidence level of 

pathogens (Bharathi et al., 2004; Nandakumar et al., 2001; Senthilraja et al., 2010). It is well known that  plant products 

such as green manures, crop residues and organic amendments can dramatically affect microbial population 

communities, and are driving force of soil microbial dynamics (Garbeva et al., 2004; Van Elsas et al., 2002), and in this 

way, important components in developing and maintaining soil suppressiveness.  

Application of endophytic bacteria, particularly fluorescent for the improvement of plant growth and management of 

plant diseases are gaining attention as an important area of research (Ehteshamul-Haque et al., 2013; Siddiqui et al., 

2001). Similarly,  Trichoderma spp., most common soil fungi, present in plant root ecosystems  and well known for their  

biocontrol potential against soil-borne plant pathogens (Afzal et al., 2013; Harman et al., 2004). Whereas, rhizobia 

which fix the atmospheric nitrogen with association of leguminous plants can suppressed soil-borne root infecting fungi, 

both in leguminous and non-leguminous plants (Ehteshamul-Haque and Ghaffar, 1993; Noreen et al., 2015; 2016). The 

present report describes the biocontrol potential of P. aeruginosa, T. harzianum and rhizobia alone or in soil amended 

with mustard cake. 

 

MATERIALS AND METHODS 

 

Biological antagonists: Cultures of endophytic Pseudomonas aeruginosa (PGPR-1), Trichoderma harzianum and 

Rhizobia (NFB-1) used in this study were collected from our Karachi University Culture Collection (KUCC, 115) and 

grown on King’s B broth, YEMA broth or PDA broth, respectively.  

 

Screen house experiment: Naturally infested soil with root infecting fungi viz., Macrophomina phaseolina (4-13 

sclerotia g
-1

 of soil), 5-12% colonization of Rhizoctonia solani on sorghum seeds and a mixed population of Fusarium 

solani and Fusarium oxysporum (3500 cfu g
-1

 of soil) as determined by using methods of Sheikh and Ghaffar (1975), 

Wilhelm, (1955) and Nash and Snyder, (1962), respectively was mixed with mustard cake at 1% w/w. Then 1 kg 

amended or unamended soil was transferred in each pot. Pots were watered daily and after decomposition of organic 

matter (2 week) aqueous suspension of biocontrol agents PGPR-1 (10
8
 cfu/mL), NFB-1 (10

8
 cfu/mL) and Trichoderma 
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harzianum (10
7
cfu/mL) were drenched in each pot after the transplantation of tomato (Lycopersicum esculentum Mill.) 

seedlings. Plants not received any treatment served as control while carbendazim (200 ppm) 25 mL/ pot served as 

positive control. Plants were uprooted after 45 days of growth and data on root infection by root rotting fungi along with 

plant growth were recorded as described by Habiba et al. (2016).  

 

RESULTS 

 

Significant increase (p<0.05) in plant height was observed in the combine treatment of mustard cake @ 1% + 

PGPR-1 + NFB-1 + T. harzianum as compared to control, which also showed maximum shoot weight (Table 1). 

Maximum increase in shoot length was observed in plants treated with Carbendazim while all treatments showed non-

significant increase in shoot weight as compared to control. Soil treatment with mustard cake @ 1% w/w showed 

complete reduction in incidence of disease caused by R. solani, while maximum control of M. phaseolina observed in 

treatment of mustard cake @ 1% + PGPR-1 + NFB-1 + T. harzianum. In case of F. solani, complete suppression was 

observed in mustard cake @ 1% w/w , mustard cake @ 1% + NFB-1, mustard cake @ 1% + T. harzianum, mustard cake 

@ 1% + PGPR-1 + NFB-1, mustard cake @ 1% + PGPR-1 + T. harzianum and in mustard cake @ 1% + PGPR-1 + 

NFB-1 + T. harzianum. On the other side, complete control of infection caused by F. oxysporum was resulted due to 

mustard cake @ 1% + T. harzianum, mustard cake @ 1% + PGPR-1 + NFB-1, mustard cake @ 1% + NFB-1 + T. 

harzianum and mustard cake @ 1% + PGPR-1 + NFB-1 + T. harzianum (Table 2). 

 

Table 1. Effect of Pseudomonas aeruginosa (PGPR-1), Trichoderma harzianum and rhizobia NFB-1) on  

growth of tomato plants in soil amended with mustard cake. 

Treatments 

Growth parameter 

Shoot length 

(cm) 

Shoot weight 

(g) 

Root length 

(cm) 

Root weight  

(g) 

Control 21.06 2.08 5.96 0.39 

Carbendazim 21.07 2.54 9.10 0.35 

Mustard cake (M.C-1%) 20.27 3.29 6.45 0.44 

PGPR-1 23.43 2.19 6.60 0.21 

NFB-1 24.35 1.76 5.77 0.24 

T. harzianum 23.27 2.08 6.11 0.26 

PGPR-1 + NFB-1 18.37 2.67 5.75 0.30 

PGPR-1 + T. harzianum 21.65 1.76 5.31 0.22 

NFB-1 + T. harzianum 19.41 2.13 7.42 0.25 

PGPR-1 + NFB-1 + T. harzianum 23.66 2.56 6.59 0.35 

M.C-1% + Carbendazim 23.88 4.24 6.94 0.58 

M.C-1% + PGPR-1 25.04 3.52 9.35 0.59 

M.C-1% + NFB-1 25.38 2.28 5.34 0.26 

M.C-1% + T. harzianum 21.08 1.87 6.28 0.29 

M.C-1% + PGPR-1 + NFB-1 18.81 1.55 5.05 0.19 

M.C-1% + PGPR-1 + T. harzianum 20.70 2.87 6.08 0.24 

M.C-1% + NFB-1 + T. harzianum 25.06 3.74 6.42 0.29 

M.C-1% + PGPR-1 + NFB-1 +T. harzianum 29.34 4.71 7.90 0.47 

LSD0.05 8.05
1 

1.57
1 

3.00
1 

ns 
1Difference less than LSD value among treatments are not significantly different (p<0.05) 

 

DISCUSSION 

 

Changes in agricultural management system with time led to the detrimental effect on soil biology and increase in 

severity of soil borne diseases. Under the organic and sustainable farming system, active population of soil microbs play 

an important role in maintaining soil productivity (Buyer et al., 2010; Goss et al., 2013). In the present study, effective 

control of root rotting fungi infecting tomato was achieved by the application of fluorescent Pseudomonas (PGPR-1), 

rhizobia (NFB-1) and T. harzianum. There are  reports that plant associated fluorescent Pseudomonas can reduced  root 

diseases of plants (Afzal et al., 2013; Ehteshamul-Haque et al., 2007a,b; Haas and Defago, 2005; Tariq et al., 2009; 

2014; Weller et al., 2002). 

Combinations of different biocontrol agents also improve the host resistance against invaders and induce the defense 

enzyme greatly to improve resistance within strain (Latha et al., 2009). In the present study, a positive impact of mustard 

cake on plant growth parameters was reported, which is according to findings of Pandey et al. (2005) and Goswami et al. 

(2006). These oil cakes are known to enhance the mineral uptake and provide protection against insects, parasites, and 
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nematodes (Ramachandran et al., 2007). Similarly, improvement in plant growth by the application of PGPR may be due 

to antibiotics, siderophores or HCN produced by the bacteria deleterious to plant pathogen or it may be due to direct 

effect of plant growth hormones produced by the PGPR, or enhanced uptake of nutrients by the plants (Klopper, 1993; 

Glick et al., 1995). Mixtures of P. aeruginosa, rhizobia and T. harzianum in different combination with mustard cake 

used in the current study produced cumulative effect on the efficacy of antagonistic microorganisms for controlling the 

soil borne root rotting fungi. 

 

Table 2. Effect of Pseudomonas aeruginosa (PGPR-1), rhizobia (NFB-1) and Trichoderma harzianum  

on the infection of Macrophomina phaseolina, Rhizoctonia solani, Fusarium solani and  

F. oxysporum in soil amended with mustard cake. 

Treatments 
Infection % 

F. oxysporum F. solani M. phaseolina R. solani 

Control 37.5 25 43.7 12.5 

Carbendazim 62.5 25 25 43.7 

Mustard cake (M.C-1%) 25 0.0 25 0.0 

PGPR-1 31.2 25 12.5 12.5 

NFB-1 62.5 6.2 37.5 37.5 

T. harzianum 6.2 18.7 18.7 6.2 

PGPR-1 + NFB-1 31.2 31.2 37.5 31.2 

PGPR-1 + T. harzianum 6.2 6.2 18.7 62.5 

NFB-1 + T. harzianum 25 12.5 31.2 37.5 

PGPR-1 + NFB-1 + T. harzianum 25 6.2 25 12.5 

M.C-1% + Carbendazim 43.7 25 25 0.0 

M.C-1% + PGPR-1 31.2 6.2 6.2 6.2 

M.C-1% + NFB-1 25 0.0 18.7 6.2 

M.C-1% + T. harzianum 0.0 0.0 18.7 6.2 

M.C-1% + PGPR-1 + NFB-1 0.0 0.0 18.7 6.2 

M.C-1% + PGPR-1 + T. harzianum 50 0.0 6.2 12.5 

M.C-1% + NFB-1 + T. harzianum 0.0 12.5 12.5 18.7 

M.C-1% + PGPR-1 + NFB-1 + T.harzianum 0.0 0.0 0.0 6.2 

LSD0.05 Treatments
1
= 14.9

1 
Pathogens

2
=7.0

2
 

1Difference less than LSD value among treatments are not significantly different (p<0.05) 
2Difference less than LSD value among pathogens are not significantly different (p<0.05) 
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