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ABSTRACT
The significance of root exudates has long been under estimated, presumably of being concealed 
in nature. Plant growth promoting rhizobacteria (PGPR) and compost inhabiting bacteria (CIB) 
interact with plant to regulate root exudation. Present study was conducted at Biochemistry 
Section,  Ayub Agricultural Research Institute, Faisalabad, Pakistan during the year 2018 to 
check antifungal effect of PGPR and CIB tested against fungal pathogen, (Fusarium oxysporum) 
with maize crop. Root exudates were collected and analyzed by high performance laquid 
chromatography (HPLC) to get an insight of their chemical composition. Our results indicated 
that conidial germination of pathogen was significantly decreased while bacterial population 
enhanced by exudates of those plant roots which were treated with bacterial consortium. 
Analysis of root exudates revealed that composition of root exudates of co-inoculated plants, 
differ not only from the exudates of pathogen free plants but also from the un-inoculated controls 
referring to only pathogen inoculated plants. Salicylic acid (upto 83%), chlorogenic acid (upto 
46%) and caffeic acid (upto 61%), along with higher quantities of malliec acid (upto 24%) 
were found in exudation of bacterial treated plants. The increase in concentration of specific 
secondary metabolites might have a role in inducing systemic resistance in the maize against 
seedling blight (Fusarium oxysporum). In conclusion, this study illustrates the disease resistance 
mechanism on the basis of plant-microbe communication and helps to devise suitable strategies 
against fusarium-mediated blight of maize plants.
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INTRODUCTION
Soil borne pathogens have the ability to survive in the 
soil in the absence of suitable host plant. In particular 
rhizospheric conditions determine whether a pathogen 
develops an ailment  relation with the plant or not. In 
the rhizosphere there is tripartite interaction between 
beneficial microbial population, pathogen and the 
plant. Beneficial microbes help plants to adopt various 
mechanisms for defeating the pathogen, one of which 
is through alterations in the root exudation. Root 
exudates help plant to interact with the surrounding 
environment and microbe-plant relationship in the 
rhizosphere is affected by contents of root exudates 
(Wu and VanEtten, 2004). Exudation pattern changes 
according to the need of the plant under stressed 
condition (Akhtar et al., 2012). The microbes released 
secondary metabolites (flavonoids) were considered 
to be the main factors in developing the plant-specific 
bacterial population (Weston and Mathesius, 2013). 
Plant-associated bacterial population help plants for 

nutrient mobilization and transport and suppressing 
diseases, by competing for food and space with 
pathogens and promoting resistance against biotic and 
abiotic stress (Lugtenberg and Kamilova, 2009). PGPR 
and CIB can modify the plant growth via production 
of hormones (Akhtar et al., 2012) and suppress the 
pathogen by producing antagonistic chemicals (Akhtar  
et al., 2018) under biotic stress.
Root exudates are responsible for underground defense 
against fungi, bacteria, viruses, nematodes and root-
feeding arthropods. Root exudates communicate 
with microbes through signaling (Doornbos et al., 
2012). Soil biological and chemical behavior is under 
the influence of roots where intricate biological and 
ecological developments take place. Microbes and 
plants develop an association in the rhizosphere where 
plant root exuded organic compounds to attract the 
requisite microbes (Wu and Zhou, 2010).The microbes 
feed on root exudates and in turn provide the plant 
with nutrients and water and help in many biological 
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transformations (White, 2003). A little change in root 
exudates, results in a great alteration of rhizospheric 
population (Ling et al., 2011).
The study was designed to evaluate the dynamics in 
root exudation of maize due to the presence of PGPR/
CIB and fungal pathogen in the rhizosphere, measure 
the disease severity in inoculated and un-inoculated 
treatments, study the effect of exudates on bacterial 
growth and fungus development and analyze the root 
exudates in terms of their role in control of Fusarium 
oxysporum in diseased soil.

MATERIALS AND METHODS
Current study was conducted at Biochemistry Section, 
Post Harvest Research Center, Ayub Agricultural 
Research Institute, Faisalabad, Pakistan during 2018.

Preparation of inoculums
For a maize trial pots were filled with clay loam soil 
previously autoclaved at 121°C for 20 minutes. Surface 
disinfection of maize seed was done by momentarily 
dipping in ethanol (95%) and for 3 min in sodium 
hypochlorite (0.2%) solution, subsequently six rinses 
with sterilized distilled water. 
The selected strains of PGPR and CIB were multiplied 
in luria-bertany (LB) agar medium (Luria and Burrous, 
1995) in 50 mL conical flasks followed by incubation at 
28 ± 1ºC for 72 h in a shaking incubator at 100 rpm. The 
cell density was measured by using spectrophotometer 
at 600 nm and homogenized at the concentration of 
108-109 CFU mL-1. 
To obtain the mycelial suspension of the F. oxysporum 
the fungus was grown on potato dextrose agar (PDA) 
in liquid medium and incubated for a week. The cheese 
cloth was used to filter the mycelium. Mycelium was 
diluted by blending with de-ionized water in a way 
that 5g of mycelium was dissolved in one liter of 
deionized water and attained the mycelia population 
up to 105 conidia mL-1 using heamocytometer. The 
resulting suspensions were used for infection of 
plants. The suspension was freshly prepared before 
the applications. To meet water and nutritional 
requirements of the seedlings, hoagland half-strength 
solution (Hoagland and Arnon, 1950) was applied to all 
the jars. 

Plant bioassay and exudates collection
The experimental set-up included twelve different 
treatments, as mentioned below;

T1 = Control (No fungus, No bacteria)
T2 = Inoculation with Mb4 (Bacillus spp.)
T3 = Inoculation with Mb7 (Pseudomonas aeruginosa)
T4 = Inoculation with Cb4 (Serratia spp)

T5 = Inoculation with Cb9 (Pseudomonas spp)
T6 = Inoculation with consortium of all the four strains
T7 = Infected with fungus (F. oxysporum)
T8 = Inoculation with Mb4 + fungus
T9 = Inoculation with Mb7 + fungus 
T10 = Inoculation with Cb4 + fungus 
T11 = Inoculation with Cb9 + fungus 
T12 = Inoculation with consortium of all the four
        strains + fungus. 

The pots were arranged in a completely randomized 
design in green house conditions and were watered 
whenever needed, with deionized water. Fifty days 
old whole plant seedlings (plant with root) were gently 
detached from the growth medium. For exudates 
collection, roots (along with plants) of the 6 maize 
plants per treatment were submerged in de-ionized 
water for 7 hours, removed from the water and root and 
stem was weighed separately. Root exudates were 
filtered through 0.22-µm filter and reduced the volume 
by rotary evaporator upto10 ml/g root weight. Stored 
the filtrate at -20°C until further processing.

Disease assessment
Severity of disease was found out by the following 
formula;

                         Cm of infected stem
Disease severity (%) = ———————————— x 100

                             Total stem length

F. oxysporum was identified by visual and microscopic 
analysis according to Nelson et al. (1983). 

Root exudates
HPLC system (Agilent 1200, USA) with an XDB-C 18 
column (4.6 mm 6250 mm, Agilent, USA) was used 
to analyse the root exudates. Required standards 
and root exudates were run in HPLC and got the 
completely separated peaks. Trifluoroacetic acid (A) 
and acetonitrile (B) were used in different ratio as 
mobile phase with a gradient elution of 0 min. However, 
95% A and 5% B at a flow rate of 0.5 ml/min for 10 min 
and 1 ml/min for 20 min then  90% A and 10% B at 
a rate of 1 ml/min for 40 min, 65% A and 35% B at a 
rate of 1 ml/min for 50 min; and 65% A and 35% B at 
a rate of 1 mL/min for 30 minutes. The wavelength of 
UV detector was adjusted at 280 nm and temperature 
of the column was sustained at 40ºC. The standard 
compounds were passed through HPLC alone and 
in different combinations. Match the retention times 
of standard compounds and the major peaks of the 
extracts to identify the organic in the extract (Banwart 
et al., 1985).
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F. oxysporum spore germination assays
Fungal spore germination was assayed by suspending 
previously isolated fungal spores in 100 mL sterilized 
water (107 microconidia/mL).  Root exudates and 
fungal suspension were mixed by taking 145 µL of root 
exudates and 35 µL of a fungal suspension in 96-well 
plates (NUNCLONTM Surface, F96 MicroWellTM Plates,   
NUNCTM Brand Products, Denmark) and placed at 
24°C in the shaking incubator revolve at 200 rpm 
overnight.  Then lactophenol blue was added at the rate 
of 10 µL per well was added to get the clear image of 
germinated and non-germinated spores. Spores were 
observed under a microscope, using hemocyto meter. 
The samples were run in triplicates. The germinated 
spores were counted and the percent viable spores 
using formula;

                  Total viable count
Viable spores (%) = ——————————— x 100 

                      Viable + non viable count

Assessment of bacterial growth in root exudates
Root exudates were collected from plants inoculated 
with selected strains (Mb4, Mb7, Cb4, Cb9) and their 
consortium. Twenty tubes with 15 mL LB media (broth) 
were inoculated with single and consortium of bacterial 
isolates. Root exudates from concerned treatments 
were added to half of the tubes at the rate of 1 mL/tube. 
The tubes were incubated overnight and the optical 
density was recorded using a spectrophotometer at 
600 nm.

Statistical analysis
Standard errors of means of the data were computed 
(Steel et al., 1997) whilst means were compared by 
Duncan’s Multiple Range Test (Duncan, 1955). 

RESULTS AND DISCUSSION 
Results of disease severity in maize plants due to 
F. oxysporumis are presented in Fig 1. The disease 
severity in the control was highest (82%), however 
a reduction in severity (10%) was observed in the 
treatment containing bacterial consortium in the F. 
oxysporum infested soil. The composition of root 
exudates of inoculated was different from un-inoculated. 
This altered exudation patterns via inoculation may be 
involved in the tolerance of plants towards soil-borne 

pathogens and in our case against F. oxysporum. 
There was a significant difference in the composition 
of root exudates of inoculated plants in diseased 
rhizosphere and showed more resistance to fungal 
attack than the control. The root exudates of inoculated 
plants had more ability to fight against fungus and 
to restrain their growth in the root zone. Our results 
justified the previous reports that composition of root 
exudates of stressed plant (diseased plants) is unique 
and different from the composition of diseased as well 
as un-diseased plant’s exudation (Zhou et al., 2010). 
Inoculation helps plant survive in stressed condition 
(Akhtar et al., 2018).

Analysis of root exudates by HPLC showed that 
undiseased control contained Cinnamic acid and 
malliec acid while chlorogenic acid, caffeic acid and 
salicylic acid were found in diseased control. Exudates 
of inoculated plants comprised chlorogenic acid, malliec 
acid and salicylic acid. Production of caffeic acid was 
induced by PGPR strains (Mb4, Mb7) while benzoic acid 
was more in root exudates of plants inoculated by Cb9 
(Table 1). The diseased maize plants could suppress 
fungal conidial germination through changing root 
exudation more than the normal treatments because  
these contain gallic acid, chlorogenic acid and caffeic 
acid, which can suppress pathogens while exudates 
from un-diseased soil contained malliec acid and 
cinnamic acid which do not have direct antimicrobial 
effect but attract beneficial bacterial to suppress 
pathogen and promote growth (Singh et al., 2003). Our 
results are supported by previous finding of Badri et 
al. (2013); Akhtar et al. (2012) who found that some 

Table 1. Organic acid contents in root exudates as detected by HPLC
Organic acids Control (N) Control (D) Mb4 Mb7 Cb4 Cb9

--------------------ppm--------------------
Cinnamic acid 2.37 - - - - -
Chlorogenic acid - 3.57 5.43 4.57 3.31 5.22
Caffeic acid - 4.55 7.35 5.76 - -
Syringic acid - - 2.77 - - -
Benzoic acid - - - - - 1.38
Salicylic acid - 3.35 4.48 6.7 4.98 6.14
Malliec acid 3.75 - 3.23 4.35 4.66 3.79
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phenolic compounds in root exudates attract beneficial 
soil borne microbes for better effect on plant growth. 
Chemicals in the root exudates are specific for microbes 
in the rhizosphere. For one group of microbes, certain 
exudate components prove stimulator while for other the 
same chemical compounds have inhibitory effects (Cai 
et al., 2009). Our results suggested that root exudates 
inhibited the Fusarium oxysporum while enhancing the 
growth of PGPR and CIB. This finding is in accordance 
with the Rudrappa et al. (2008) that the root exudates 
stimulated the induced systemic resistance eliciting 
bacterial population while suppressing the growth of 
pathogens in the rhizosphere.
Conidial germination was stimulated by the root 
exudates extracted from un-diseased soil plants than 
that from the diseased plants. The highest germination 
rate (95%) was found in the root exudates extracted 
from control (T1 = control) while it was 76% under 
diseased condition (Fig. 2). Consortium treatment of 
diseased soil exudates showed lowest germination (T12 
= Consortium (D) 39%).The percent mortality of spores 
was more in exudates of diseased soil compared to 
un-diseased soil. 

As far as number of conidia is concerned, suppression 
of conidia was more by application of exudates 
extracted from inoculated treatments than exudates 
of the treatments without inoculation. Exudates also 
support the growth of PGPR (Fig 3). Consortium 
inoculation proved more favorable for the better growth 
of PGPR in both un-diseased and diseased soil. In 
each case bacterial growth was enhanced with root 
exudates compared to treatments without exudates 
while consortium showed even better results.
Microbe interaction positively influenced the plant 
growth through a variety of mechanisms, one of which 
is increased tolerance against biotic and abiotic stress 
(Barea et al., 2005). Focus of this study was on the 
role of root exudates as communications facilitator 
between the soil-borne pathogen and maize plants. 
Exudates of root from normal treatments (un-diseased) 

promote fungal spore germination. The root exudates 
from single inoculants (either PGPR or CIB) had also 
suppressed the fungal growth. 

CONCLUSION
In the rhizosphere the root is ambassador for facilitating 
interaction between plant and microbial populations. 
The chemicals secreted by the plant root design the 
microbial community in the rhizosphere. Plant pathogen 
interactions regulate the rhizo-secretion with respect 
to direct and indirect physiological effects on plants 
and the entire microbial ecosystem. It is necessary 
for the plant’s survival to suppress the pathogens and 
stimulate beneficial microbial communities. 
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