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Abstract 
 

The aim of this study was to screen the potential of locally grown sugarcane genotypes for red rot resistance and activity of 

native microbial strains against the pathogen. Field trials were conducted with 70 genotypes for consecutive years and results 

showed that only two genotypes viz., SSRI-1 and CO-0238 showed resistant behavior towards red rot of sugarcane. The red 

rot pathogen Colletotrichum falcatum Went was characterized and pathogenicity tests on two susceptible genotypes (NSG-59 

and CPSG-2923) showed high virulence of SUCF04 isolate to develop severe disease lesions. The native rhizospheric 

microbiota was screened for microbial consortia exhibiting fine antifungal activity against the highly virulent pathogenic 

strain. The antagonism assay exposed that 10 bacterial isolates out of 46 showed great potential for antifungal activity. The 

selected bacterial isolates revealed 68–99% pathogen inhibition during the assay. The fungal strains with biological control 

potential inhibited the pathogen growth by 20–80% and a group of three strains with more than 50% antifungal activity were 

characterized. The molecular characterization of these microbes revealed that the isolates were belonging to Bacillus subtilus, 

Pseudomonas putida, Pseudomonas fluorescence, Trichoderma harzianum and several other important taxa. This study 

revealed that only two sugarcane genotypes were found as resistant against red rot pathogen, while most of the genotypes 

showed susceptible to moderately susceptible response. Moreover, the native residential microbiota associated with sugarcane 

exhibited great antifungal potential and can be utilized for disease protection and improved crop productivity. © 2021 Friends 

Science Publishers 
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Introduction 

 

Red rot of sugarcane (Sacchrum officinarium L.), caused by 

Colletotrichum falcatum Went, is the most devastating 

disease in sugarcane growing areas of the world and 

Pakistan as well and it is causing huge losses during 

production. It is responsible for the elimination of many 

productive varieties of sugarcane. Red rot is transmitted by 

soil and propagating materials, and due to the adverse 

losses, it is also called cancer of sugarcane (Kumar et al. 

2010). The red rot disease minimizes the carbohydrates 

concentration in infected canes and severely affects the 

susceptible varieties (Agnihotri 1990). Moreover, the 

pathogen converts the sucrose into the glucose and fructose 

by the production of abundant quantity of enzyme 

invertases. Higher quantity of acid invertases in the highly 

susceptible varieties was recorded upon pathogen attack in 

susceptible as compared to resistant varieties (Silva and 

Bressiani 2005). The pathogen is responsible to reduce the 

cane weight up to 29% and also loss in sugarcane recovery 

was recorded up to 31% (Hassan et al. 2010). The pathogen 

colony was observed as dark grey with velvety surface on 

some sugarcane varieties and white to light ashy grey with 

cottony surface on others (Prittesh et al. 2016; Raza et al. 

2019). Due to cultivation of susceptible varieties over years, 

many new pathovars have been evolved and many 

commercial varieties like CoL-54, Triton and BF-162 have 

been eliminated from Pakistan (Khan et al. 2011). 

Sugarcane is a significant cash crop cultivated in 

tropical and sub-tropical areas of the world. It is precious 

crop due to its storing ability of high concentrations of 

sucrose or sugar in the stem and nowadays it is also used for 

biofuel resources for the manufacturing of ethanol (Menossi 

et al. 2008; Costa et al. 2011). It is valued at approximately 

US$143 billion per year in the world. Globally, about 75% 

of the world sucrose production comes from sugarcane 

(Silva and Bressiani 2005; Prathima et al. 2013). India is on 

1
st
 number in the production of sugarcane with 33.07 
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million metric tons of the world sugar production followed 

by Brazil, EU, Thailand, China, United States, Mexico, 

Pakistan, Australia and Guatemala (FAO 2020). Sugarcane 

crop is cultivated on 1313 thousand hectares in Pakistan 

from which Punjab province shares 62%, Sindh 26% and 

KPK shares 16% of the total area with annual production of 

81.102 million tons (GOP 2018). 

Management practice through fungicides is not so 

attractive and effective due to nature of pathogen and health 

hazard effects on humans and environment (Hassan et al. 

2010; Mwaheb et al. 2017). Use of red rot resistant varieties 

through breeding program is more suitable practice to 

manage this disease (Sengar et al. 2009). Furthermore, 

biological control with rhizobacteria offers a simple and 

cost-effective strategy for managing soil-borne pathogens. 

Induction of plant resistance and antibiosis are the most 

common mechanisms adopted by bacteria with biocontrol 

potential (Gamalero et al. 2009; Topalović et al. 2020). In 

recent years, certain rhizospheric bacterial strains belonging 

to Pseudomonas, Bacillus, Rhizobium have drawn the 

attention of researchers due to their promising pathogen 

suppression ability (Tewari and Arora 2016; Kotasthane et 

al. 2017; Hussain et al. 2018; Shoaib et al. 2020; Sharf et al. 

2021). The fungal biocontrol strains also provide promising 

disease control by direct mycoparasitism and producing 

antifungal compounds (Khan and Javaid 2020). The best 

studied Trichoderma spp. are known to be endophytic plant 

opportunistic symbionts as well as Trichoderma interaction 

with plants known to induce transcriptomic changes in 

relation to defense mechanism in plants, and some are 

known to protect plants from diseases and abiotic stresses 

(Bae et al. 2009; Ali et al. 2020). Trichoderma spp. isolated 

from plant rhizosphere have promising effect to showing 

antifungal activity against red rot of sugarcane during both 

in vitro and in vivo conditions (Viswanathan and Malathi 

2019). Moreover, the beneficial microbes residing in plant 

rhizosphere may play multiple roles in plant production and 

protection. 

This study was designed to collect the commercially 

grown sugarcane genotypes from different research 

institutes and sugarcane industry for screening against red 

rot resistance under completely managed fields. 

Furthermore, collection of native rhizospheric bacterial and 

fungal strains with significant antifungal activity against red 

rot pathogen was the aim of this study. 

 

Materials and Methods 
 

Collection of sugarcane genotypes for field trials 

 

Seventy sugarcane genotypes were collected from 

sugarcane research institute, Ayub Agriculture Research 

Institute (AARI) and sugarcane industry (Shakrganj Sugar 

Mills) during 2017. Field trials were conducted at research 

area of College of Agriculture, University of Sargodha, 

Pakistan. Sugarcane genotypes were sown in September 

2017 and 2018 consecutively for two years. All the 

recommended cultural and agronomic practices were 

applied to field experiments in both the years. Natural 

disease incidence and disease severity were scored after ten 

months of sowing. Disease incidence was calculated as 

described by Hassan et al. (2011) and disease severity was 

calculated according to the scale given by Kalaimani (2000). 

 

Pathogenicity on sugarcane 

 

The red rot pathogen was isolated from diseased samples 

collected from sugarcane field sown for screening of 

genotypes. The pathogen was isolated from infected cane 

and leaf lesions on potato dextrose agar medium. The 

pathogen was purified and morphologically identified as 

described by Sharma et al. (2005). The pathogenic isolates 

were molecularly characterized by the DNA extraction by 

using 2% CTAB method as described by Sambrook and 

Russel (2001). The PCR analysis was performed by using 

the extracted DNA (20-50 ng) from the mycelium by using 

the ITS1: 5’TCCGTAGGTGAACCTGCGG3’ and ITS4: 

5’TCCTCCGCTTATTGATATGC3’ primer pair. The 

sequences were analyzed by using Blast tools in NCBI 

database and NJ tree was constructed by MEGA 6.0 

(Tamura et al. 2013). Two susceptible genotypes of 

sugarcane were selected for pathogenicity assays on the 

basis of disease severity data. The pathogenicity assays were 

conducted by using detached health leaves and sets of 

sugarcane. A mycelial plug of 5 mm from 7 days old 

cultures of pathogen were collected and placed on surface 

sterilized leaves by puncturing the midrib. The sugarcane 

sets were inoculated with 5 mm agar plug by making a hole 

with borer. The holes were closed with cotton plug and 

wrapped with thin plastic sheet. The inoculated leaves and 

sets were incubated in moist chambers at 25ºC. The data for 

lesion development was recorded at 7 days per inoculation. 

The pathogenicity assays were repeated twice with same 

conditions. 

 

Isolation of rhizospheric microbiota 

 

The rhizosphere soil was collected from the sugarcane 

asymptomatic plants in the vicinity of symptomatic plants 

by carefully collecting the roots. The bulk soil was removed 

and rhizosphere soil was collected by washing the roots 

with sterilized distilled water followed by 10 min 

centrifugation at 10,000 rpm (Hamid et al. 2017). For 

bacterial isolations, serial dilutions were prepared and 200 

µL suspensions were spread on nutrient agar and King's B 

media. The bacterial colonies were observed on daily basis 

and forty-six clones were picked randomly on the basis of 

colony morphology for further purification. The purified 

cultures were stored at -20ºC for fungal isolations, 3
rd

 

dilution of rhizosphere soil was placed on freshly prepared 

PDA plates and incubated at 25ºC for 2–3 days. The plates 

were observed and emerging fungal colonies were picked 
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and transferred to freshly prepared PDA plates and 

individual cultures of each isolate was developed for further 

assays. The fungal colonies were observed morphologically 

and thirteen fungal isolates were selected on the basis of 

morphological characters for further antagonistic assays. 
 

In vitro antagonistic assays with bacterial strains 
 

The isolated bacteria were screened for their antagonistic 

activity against aggressive isolate of red rot causing 

pathogen C. falcatum. In vitro antagonistic activity was 

monitored by dual culture assay by following the Hassan et 

al. (2010). Briefly, bacterial cultures from all selected 

isolates were streaked in the middle of the Petri plate 

containing PDA medium. The mycelial agar plug of 5 mm 

from 5 days old colony was placed with equidistance side of 

plate. The plates with negative controls contained only the 

pathogen culture. The plates were incubated at 25 ± 2ºC and 

the assay was conducted with three replicates for each 

isolate. The plates were observed on daily basis and scoring 

for the activity of antagonistic bacteria was recorded at 72–

96 h (Perneel et al. 2007). The fungal hyphae overgrown by 

bacterial culture were scored as zero, hyphae at the edge of 

the bacterial culture were scored as 1 and bacterial isolates 

showed distinct inhibition zone were scored as 2. The 

bacterial isolates scored as 2 were selected for further assays 

on the basis of the antagonistic potential. The selected 

isolates were molecularly characterized by using 16S rRNA 

gene primers and sequences were analyzed and submitted in 

the NCBI database. The multiple alignments were 

developed by ClustalX and maximum likelihood tree was 

generated with the WAG Model in MEGA 6.0 using 1,000 

bootstrap values. 

 

Round circle antagonistic assay 

 

The round circle assay was conducted to test the potential of 

selected bacterial isolates against red rot pathogen by 

following the Hassan et al. (2010). The mycelial agar disc 

of 10 mm was placed in the center of Petri plate containing 

PDA medium. A circular line, made with a 6-cm diameter 

Petri dish dipped in a suspension of antagonistic bacteria 

(5×10
9 

cfu mL
-1

), was placed surrounding the fungal 

mycelial agar disc. The plates with all bacterial isolates were 

incubated at 25ºC for 72 h. The assay was conducted with 

three replicates and repeated twice. The data for fungal 

pathogen growth was measured and compared with the 

control plates having only pathogen culture. The fungal 

inhibition by bacterial isolates was calculated by using the 

formula: 
 

% inhibition = [1–(Fungal growth/Control growth)] ×100 

 

Agar disc diffusion method 

 

The selected bacterial isolates were further screened for 

antagonistic potential against red rot pathogen by using agar 

disc diffusion method. The mycelium of pathogenic fungus 

was grounded in mortar and pestle with sterilized distilled 

water and 100 µL mycelial suspensions was inoculated on 

PDA medium. The bacterial culture loops (5×10
9
 cfu mL

-1
) 

were placed at four equidistance points in the Petri plates. 

The assay was conducted with three replicates. The plates 

were incubated at 25ºC for 72 h. The data for the inhibition 

of fungal growth was recorded by following the Balouiri et 

al. (2016). The antagonistic assays were repeated twice with 

same conditions. 

 

Antagonistic assays with fungi 

 

The selected fungal isolates were screened for their 

antagonistic activity against pathogen of red rot of 

sugarcane. In vitro antifungal activity was evaluated by dual 

culture assays. Fungal mycelium plug of 5 mm was placed 

equal distance from pathogen mycelial plug in PDA 

containing plates. The control plates contained only the 

pathogen culture. The plates were incubated at 25 ± 2ºC and 

the assay was conducted with three replicates for each 

fungal isolate. The plates were observed on daily basis and 

scoring for the activity of antagonistic fungal isolates was 

recorded after 7 days of incubation by the formula given by 

Hajieghrari et al. (2008). 
 

% inhibition = (C-T) × 100/C 
 

Data analysis 
 

The statistical analyses were independently conducted for all 

experiments. The variance analysis was obtained by using 

SAS software by SAS Institute to compare the mean values. 

 

Results 

 

Response of sugarcane genotypes for red rot resistance 

 

The sugarcane genotypes showed varied repose against red 

rot pathogen in both cultivation years. The results revealed 

that during the field trial of 2018, 19 genotypes showed 

susceptible response, 32 genotypes showed moderately 

susceptible response, 16 genotypes were moderately 

resistant response and only 3 genotypes (CP-368, SSRI-1, 

CO-0238) behaved as resistant against red rot disease. 

During the field trial of 2019, most of the genotypes showed 

almost similar response as compare to the 2018 trial against 

C. falcatum. During 2019 trial, genotypes changed some 

mode of reaction towards the pathogen severity from which 

33 were moderately susceptible and 16 were moderately 

resistant in their behavior against red rot. Only two 

genotypes SSRI-1 and CO-0238 were found resistant during 

both years. In 2019, two susceptible genotypes CPF-237 

and CPS-437 showed better response and fall in category of 

moderately susceptible. Two moderately resistant genotypes 

MSG-502 and CPSG-2730 changed the response to 

moderately susceptible. The genotypes US-658 and 
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CPSG-2415 changed into susceptible from moderator 

susceptible during the years 2019. One of the resistant 

genotype CP-368 converted to moderately resistant. Highly 

susceptible line was not found during the trials in this semi-

arid region. Two susceptible genotypes NSG-59 and CPSG-

2923 showed the same behavior towards pathogen in both 

year trials (Table 1). Therefore, these two genotypes were 

selected for further experiments. The data for red rot disease 

incidence and severity revealed that pathogen is prevalent in 

this area and only resistant to moderately resistant genotypes 

should be selected for cultivation. 

 

In vitro response of red rot pathogen on susceptible 

genotypes 

 

The red rot pathogen was isolated from the diseased plants 

collected from sugarcane field. A total of 31 pathogenic 

isolates were purified on potato dextrose agar and 

characterized morphologically. The morphological 

characters of 13 isolates were similar to Colletotricum 

falcatum. On the basis of colony growth and color, 5 

isolates were selected for further pathogenicity assays 

(Table 2) on two susceptible genotypes of sugarcane (NSG-

59, CPSG-2923). The in vitro pathogenicity assays were 

performed on sugarcane sets and detached leaves. The 

selected isolates showed different response on two 

genotypes by the formation of red rot lesions in both assays. 

The isolates also showed different disease aggressiveness on 

two genotypes. The isolated SUCF04 showed more 

aggressive response on both sugarcane genotypes as 

compare to the other isolates and control (Fig. 1). During the 

pathogenicity on sugarcane sets, all the isolates showed high 

disease development on CPSG-2923 genotype while in 

detached leaf assay, all isolates showed more disease pattern 

on NSG-59 genotype (Fig. 2). On the basis of disease 

aggressive patterns, SUCF04 isolate was characterized 

through DNA sequencing of ITS locus (accession number 

MT197390) and phylogenetics analysis revealed close 

resemblance with C. falcatum (Fig. 3). The result showed 

that isolates of red rot pathogen developed the disease on 

sugarcane sets and detached leaves under controlled 

conditions and showed differential disease aggressiveness. 

The assays were repeated twice under same conditions. 

 

Antagonistic activity of bacterial isolates against red rot 

pathogen 

 

The rhizosphere soil was collected from healthy sugarcane 

plants and prepared for the isolation of bacteria. The 

morphological different isolates were picked and forty-six 

purified cultures were developed. The selected bacterial 

isolates were screened for antagonistic activity against red 

rot pathogen in dual culture assay. The result showed that 17 

bacterial isolates out of 46 were able to inhibit the growth of 

C. falcatum ranging from 58–97%. While considered the 

antagonistic activity rating of bacterial isolates to inhibit the 

pathogen growth as described in (Table 3), only 10 bacterial 

isolates were able to form distinct inhibition zones with 

  
 

Fig. 1: The pathogenicity of Colletotricum falcatum isolates on 
sugarcane sets of two susceptible genotypes. (A) The data 
indicates the aggressiveness of red rot isolates on sugarcane sets 
(B) Sugarcane sets with red rot lesions developed in 7 dpi 
 

  
 

Fig. 2: The pathogenicity of Colletotricum falcatum isolates on 
sugarcane detached leaves of two susceptible genotypes. (A) The 
data presents the aggressiveness of red rot isolates on sugarcane 
detached leaves (B) Sugarcane leaves with red rot lesions 
developed in 7 dpi 
 

  
 

Fig. 3: Phylogenetics tree of nucleotide sequences of SUCF04 
isolate of Colletotricum falcatum constructed using MEGA6.0 
program (Tamura et al. 2013). The evolutionary history was 
inferred using the Maximum likelihood method with 1000 
bootstrap values 
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pathogen which were scored as 2. Moreover, 7 bacterial 

isolates limited the growth of pathogen without making 

distinct inhibition zones were rated as 1. All other bacterial 

isolates showed no antagonistic activities were rated as 0. 

The bacterial isolates showed the antagonistic score as 2 

were further characterized by using 16SrRNA gene and 

accession numbers are provided (Table 4). These selected 

10 bacterial isolates showed high antagonistic activity by the 

inhibition of fungal growth from 71–96% (Table 3). The 

result revealed that potential bacterial isolates were resided 

in the rhizosphere of healthy sugarcane to protect against 

red rot pathogen. 

 

Confirmation of antagonistic activity of selected 

bacterial strains 

 

Bacterial strains with maximum antagonistic activity (score 

2) were further evaluated to confirm the inhibition of C. 

falcatum mycelial growth by round circle assay. The 

pathogen and bacterial isolates were inoculated and the 

mycelcial growth inhibition was measured. The result 

showed that bacterial strains inhibited the growth of 

pathogen by 68–99% during the assay. The bacterial strain 

BA18 showed maximum inhibition of pathogen growth 

(99%) followed by BA19 with the inhibition of 96%. The 

bacterial strain BA34 inhibited the pathogen growth by 

(95%) followed by BA33 (94%), BA39 (92%) and BA44 

(90%) respectively. The minimum growth inhibition was 

observed by the bacterial strain BA32 which was 68% in 

this assay (Fig. 4A). The result demonstrated the best 

antagonistic activity of bacterial strains during the round 

circle assay by inhibiting the pathogen growth. The selected 

bacterial strains were further confirmed for antagonistic 

activity by agar disc diffusion method. In this assay, 

Table 1: Monitoring the disease incidence and response to pathogen on different sugarcane genotypes during the field trials of 2018 and 2019 
 

Sr No. Cultivar % DI 2018 RP 2018 % DI 2019 RP 2019 Sr No. Cultivar % DI 2018 RP 2018 % DI 2019 RP 2019 

1 SPF- 213 31.67 MR 35.11 MR 36 CPSG- 2730 46.67 MS 48.11 MS 

2 SPF- 220 25.67 MR 25.17 MR 37 YT- 910 51.33 MS 55.55 MS 
3 SPF- 234 27.67 MR 24.61 MR 38 SPSG- 24 42.67 MS 45.88 MS 

4 CPF- 237 62.33 S 58.12 MS 39 SPSG- 28 41.67 MS 44.81 MS 

5 HSF- 240 34 MR 38 MR 40 SPSG- 27 38.33 MR 39 MR 
6 CP- 67 -500 54.33 MS 55.12 MS 41 SPSG- 26 52.67 MS 51.11 MS 

7 SPF- 2038 49.33 MS 45.78 MS 42 SSRI- 4 48.33 MS 55 MS 

8 CO- 1148 64.33 S 76.43 S 43 SPSG- 25 36.33 MR 38.80 MR 
9 NSG- 59 78 S 80 S 44 SSRI- 1 9.33 R 12.45 R 

10 CPSG-2923 76.33 S 77.90 S 45 SSRI- 7 41.67 MS 45.94 MS 
11 YT- 55 62.67 S 60 S 46 SSRI- 6 69 S 84 S 

12 US- 658 55.67 MS 60 S 47 US- 718 73.67 S 78.56 S 

13 US- 130 80.67 S 86.23 S 48 SSRI- 3 36.33 MR 38.67 MR 
14 US- 272 50 MS 52 MS 49 SPSG- 29 44.67 MS 49 MS 

15 CSSG- 676 65 S 70 S 50 INDIA- 1 51.33 MS 50 MS 

16 US- 384   51.67 MS 55 MS 51 THATHA- 1312 23.67 MR 32 MR 
17 CSSG- 2453 64.33 S 69 S 52 CO- 0238 14.33 R 18 R 

18 US- 133 74.33 S 80 S 53 MSG- 502 39 MR 41 MS 

19 CPS- 437 63 S 59 MS 54 CPSG- 2730 54.33 MR 59 MS 
20 US- 127 48.33 MS 45 MS 55 AUST- 134 37.67 MR 39 MR 

21 CPF- 247 61.33 S 64.12 S 56 NIFA- 01 46 MS 55 MS 

22 CPF- 246 52.33 MS 48 MS 57 CSSG- 33 44 MS 45 MS 
23 HOSG- 315 54.67 MS 59.45 MS 58 US- 832 48 MS 51.92 MS 

24 CPF- 248 74.67 S 77.11 S 59 CSSG- 23 42.33 MS 45.55 MS 

25 US- 633 74 S 75.67 S 60 CSSG- 32 37.67 MR 39.11 MR 
26 XT- 236 47.67 MS 48.81 MS 61 SPSG- 27 42.67 MS 45.53 MS 

27 CSSG- 2402 65.33 S 61.33 S 62 US- 272 71.67 S 73.21 S 

28 CPSG- 2525 71.33 S 72.56 S 63 YT- 53 45.67 MS 49.99 MS 
29 FST- 19 41.67 MS 38 MR 64 CSSG- 25 49.33 MS 50 MS 

30 CPSG- 2415 59 MS 62 S 65 US- 204 31 MR 25 MR 

31 CP- 368 17.33 R 23.45 MR 66 YT- 910 30 MR 32 MR 
32 CPSG- 2718 45 MS 54.44 MS 67 CPSG- 2500 52.67 MS 55.15 MS 

33 CPSG- 3481 35.67 MR 39.35 MR 68 SSRI- 2 32 MR 34.72 MR 

34 CO- 0239  49 MS 45 MS 69 INDIA- 2 61.67 S 68.56 S 
35 CO- 241 48.33 MS 51 MS 70 MSG- 1127 50 MS 57 MS 
DI: Disease Incidence, RP: Response to Pathogen 

 

Table 2: The morphological characters of the isolates of red rot pathogen 
 

Sr No. Isolates Mycelial growth (cm) Color 

01 SUCF04 8.56 ± 0.208 White to light grey 
02 SUCF06 8.73 ± 0.208 Whitish grey 

03 SUCF09 7.33 ± 0.152 Dull white 

04 SUCF10 8.9 ± 0.1 White 
05 SUCF11 7.9 ± 0.152 Light grey 
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formation of clear inhibition zones by bacterial strains were 

measured and the data revealed that all selected bacterial 

strains formed clear inhibition zones by limiting the growth 

of pathogen. The range of inhibition zones formed by 

bacterial strains was 4.5–15.6 mm while comparing with 

control with no inhibition zone. The bacterial strain BA33 

formed maximum inhibition zone of 15.6 mm followed by 

BA34 with 13.33 mm zone. Moreover, bacterial strain 

BA19 formed 10.4 mm inhibition zone and minimum zone 

was formed by BA21 (4.5 mm) during the assay (Fig. 4B). 

The bacterial strains proved to have high antagonistic ability 

against the red rot pathogen of sugarcane. Furthermore, 

these bacterial strains will be screened for the antagonistic 

activity during green house and field trials in future studies, 

the range of zone inhibition diameter was (4.5–15.6 mm) as 

compare to control in which zone inhibition diameter was 0. 

The bacterial strain BA33 showed maximum diameter of 

zone inhibition (15.6 mm) followed by BA34 (13.33 mm), 

BA19 (10.4 mm), BA39 (8.7 mm), BA18 (7.3 mm) and 

BA44 (6.8 mm). Minimum zone inhibition was showed by 

isolate BA21 (4.5 mm). The control plates were observed 

with full growth of pathogenic fungus (Fig. 4B). The 

antagonistic assays were repeated twice with similar 

conditions. The ten selected bacterial isolates were 

characterized and phylogenetics analysis showed that native 

strains have close match with the strains from other regions 

of world (Fig. 5). The results revealed that resident 

microbiota have potential to suppress the red rot causing 

pathogen. These selected bacterial strains will be further 

evaluated in green house and field trials. 
 

Antagonistic activity of fungal isolates against C. 

falcatum 
 

The antagonistic activity of selected fungal isolates was 

carried out in dual culture assay. A total of 35 fungal 

isolates were selected on the basis of morphology for in 

vitro dual culture assay. The result revealed that thirteen 

fungal isolates were capable to suppress the mycelial growth 

of C. falcatum with varying degree of antagonism. The 

results showed that fungal isolates were capable to inhibit 

the mycelial growth of pathogen ranging from 21–81% 

during dual assay (Fig. 6). While considered the 

antagonistic activity rating of fungal isolates to inhibit the 

pathogen growth, only three fungal isolates showed more 

than 50% antagonistic activity against pathogen. 

Furthermore, isolate FU19 showed mycelial inhibition of 

pathogen to 81% while isolate FU12 and FU15 showed 

inhibition up to 72% and 58% respectively (Fig. 6). These 

three isolates were further molecularly characterized by 

using ITS1 and ITS4 primers and accession numbers are 

provided (Table 3). The results described that fungal taxa 

Table 3: The bacterial isolates collected from sugarcane rhizosphere and antagonistic activity against Colletotricum falcatum 

 
Bacterial Isolates Antagonistic activity Pathogen inhibition % Bacterial Isolates Antagonistic activity Pathogen inhibition % 

BA1 0 0 BA24 0 0 

BA2 0 0 BA25 0 0 

BA3 0 0 BA26 0 0 
BA4 0 0 BA27 0 0 

BA5 0 0 BA28 0 0 

BA6 0 0 BA29 0 0 
BA7 0 0 BA30 0 0 

BA8 0 0 BA31 0 0 

BA9 0 0 BA32 2 88% 
BA10 1 79% BA33 2 97% 

BA11 0 0 BA34 1 90% 
BA12 0 0 BA35 1 60% 

BA13 0 0 BA36 1 58% 

BA14 0 0 BA37 2 77% 
BA15 0 0 BA38 2 71% 

BA16 0 0 BA39 2 96% 

BA17 1 80% BA40 0 0 
BA18 2 97% BA41 0 0 

BA19 2 92% BA42 1 60% 

BA20 2 76% BA43 1 61% 
BA21 2 78% BA44 2 92% 

BA22 0 0 BA45 0 0% 

BA23 0 0 BA46 0 0% 

 
Table 4: The characterization of microbial strains isolated from 
the rhizosphere of healthy sugarcane plants with the antifungal 

activity against red rot pathogen 

 
Sr No  Isolates Microbial Strain Accession No 

1 BA10 Oceanobacillus kimchi MT380165 
2 BA17 Duganella zoogloeoides MT380163 
3 BA18 Bacillus subtilus MT197386 
4 BA19 Pseudomonas putida MT197387 
5 BA21 Pseudomonas geniculate MT197383 

6 BA32 Acinoetobacter calcoacetius MT197389 
7 BA33 Pseudomonas putida MT197385 
8 BA34 Pseudomonas fluorescence MT197384 
9 BA39 Rhizobium pusense MT197388 
10 
11 
12 
13 

BA44 
FU12 
FU15 
FU19 

Bacillus licheniformis 
Phoma harbarum 
Conithyrium aleuritis 
Trichoderma harzianum 

MT380164 
MT974244 
MT974245 
MT974243 
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residing in the rhizosphere of healthy sugarcane plants have 

potential to protect the plants from red rot pathogen. 

 

Discussion 

 

The red rot disease is the main constraint in the production 

of sugarcane and resistant varieties changed the behavior to 

susceptible towards pathogen with passage of time. It is the 

need of time to develop new resistant cultivars of sugarcane 

against red rot pathogen. This study was conducted to 

screen the potential of locally available sugarcane genotypes 

against red rot disease under field conditions. The results 

showed that only 3 genotypes behaved as resistant against 

C. falcatum during trial year 2018 and only 2 genotypes 

were resistant during year 2019. All other cultivars studied 

during the 2 years field trials exhibited moderately resistant 

to susceptible response. Moreover, breeding programs for 

red rot resistance was implemented in sugarcane and several 

advanced lines showed resistance to C. falcatum and several 

resistance genes have been identified in sugarcane that may 

confer resistance through breeding programs (Hameed et al. 

2015). Moreover, several highly productive and resistant 

sugarcane varieties such as CoL-54, Triton and BF-162 

were banned in past due to the increased susceptibility 

towards C. falcatum (Khan et al. 2011). The alteration in 

resistance response is possibly due the alternations in the 

pathogenic strains of C. falcatum by which virulence of 

pathogen varied from region to region and also with passage 

of time (Viswanathan et al. 2003). C. falcatum was grouped 

in to a set of 14 host differentials, and so far, revealed the 

presence of 11 pathotypes (CF01-CF-11) from various 

tropical and subtropical regions (Viswanathan 2010). 

  
 

Fig. 4: The inhibition of radial growth of C. falcatum in circular 

plate assay. (A)- Percentage inhibition of radial growth of 

pathogenic fungus by selected bacterial strains. (B)- Mycelial 

inhibition zones measurements by the inoculation of selected 

bacterial strains 

  
 

Fig. 5: Phylogenetics tree of nucleotide sequences of 10 selected 

bacterial strains from rhizosphere of sugarcane constructed using 

MEGA6.0 program (Tamura et al. 2013). The evolutionary 

history was inferred using the Maximum Likelihood method with 

1000 bootstrap values 

 

 
 

 

Fig. 6: In vitro suppression of C. falcatum by the selected fungal 

strains during the dual culture assay
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This phenomenon revealed the change in the virulence of 

pathogen and varietal reactions to pathogen over time. 

Soil microbes are diverse and play several functional 

services for the plant including nutrient acquisition, growth 

promotion and disease suppression (Wang et al. 2016a, b; 

Wu et al. 2019a, b; Bai et al. 2020; Hu et al. 2020). The 

selection of effective antagonistic strains from the plant 

rhizosphere supported the approach of isolation of 

biocontrol agents from the target crop and same 

environment where they will be used commercially (Landa 

et al. 1997). Biological based plant resistance induction can 

provide new ways to manage this deleterious disease of 

sugarcane (Hassan et al. 2011). Antagonistic bacterial based 

resistance induction is cost effective and simple strategy. 

Rhizospheric microbes played essential roles in pathogen 

suppression by following different mechanisms (Hassan et 

al. 2010; Hussain et al. 2016; Zhang et al. 2019; Khan et al. 

2021). This study was designed to characterize and evaluate 

the effective antagonistic bacterial isolates collected from 

the rhizosphere of healthy sugarcane plants. The results of 

pathogenicity test showed that C. falcatum isolated from 

diseased plants of sugarcane have different level of 

virulence to susceptible genotypes. The previous study also 

revealed during in vitro pathogenicity assays that C. 

falcatum isolates from the region keep varied degree of 

virulence (Hassan et al. 2010). Potential biocontrol agents 

were obtained by isolating the bacteria and fungi from 

sugarcane rhizosphere and detecting the in vitro antagonistic 

activity against the pathogen. The native antagonistic 

microbiota was screened for antifungal activity and 10 

potential bacterial and 13 fungal strains were further 

evaluated in different antagonistic assays. 

The rhizobacterial strains inhibited the mycelial 

growth of C. falcatum up to 68–99% in dual culture assays. 

The Bacillus subtilus strain BA18 showed maximum 

inhibition of fungal growth up to 99%. It seems that 

inhibition of fungal pathogen growth by the production of 

diverse antibacterial and antifungal compounds, such as 

zwittermicin, kanosamine and lipopeptides for disease 

suppression. Iturins and fengycins display strong antifungal 

activities, and inhibit the growth of a wide range of plant 

pathogens (Kim et al. 2013; Guo et al. 2014). Pseudomonas 

putida strain BA19 and BA21 showed 96 and 76% disease 

suppression respectively, during in vitro assays. Sun et al. 

(2017) proved during in vitro experiment that Pseudomonas 

putida is an effective biocontrol agent against tomato 

bacterial wilt disease and many other soils borne diseases. 

Pyoluteorin, pyrrolnitrin, 2,4-diacetylphloroglucinol and 

phenazine are the major determinants of the biocontrol 

activity of pseudomonads (Haas and Defagoo 2005; Hassan 

et al. 2011; Bernal et al. 2017). Pang et al. (2016) revealed 

that Pseudomonas putida is responsible as promising 

biocontrol agent against stripe rust of wheat by increasing 

the yield. Isolated Pseudomonas flouresence BA34 showed 

distinct radial growth inhibition of 95% and 13.33 mm zone 

inhibition during antagonistic assays against red rot 

pathogen of sugarcane. It has been reported that 

Pseudomonas flouresence have great efficiency against 

sunflower diseases by the production of variety of 

metabolites including indole-3-acetic acid, siderophore, 

pyocyanin, hydrogen cyanide, chitinase, β-1, 3 glucanase 

during both in vitro and in vivo conditions (Tewari and 

Arora 2016). It is documented that Pseudomonas 

flouresence is a potential bio-control agent against collar rot 

of chickpea by the formation of siderophore and cynogenic 

(Kotasthane et al. 2017). The Pseudomonas geniculata 

strain BA33 also has equal importance to suppress the C. 

falcatum up to 94% during screening of efficient bio control 

agent. This is consistent with reports in vitro and in vivo 

antagonistic activities of Pseudomonas geniculata against 

Verticillium wilt of cotton (Erdogan and Benlioglu 2010). 

The other bacterial strains also showed the distinct effect 

during antagonistic assays and proved that native residential 

microbiota might play important role in plant disease 

protection. The inhibition of C. falcatum by rhizospheric 

fungal isolates in dual culture assays was observed in this 

study. The selected fungal isolates showed varied degree of 

pathogen inhibition ranging from 58–81%. During in vitro 

assays Trichoderma harzianum showed maximum 

antifungal activity by inhibiting the pathogen to 81%. It has 

been reported that Trichoderma spp. showed promising 

effect against different plant pathogens (Bae et al. 2009; 

Viswanathan and Malathi 2019; Javaid et al. 2021). Isolate 

FU12 Phoma herbarum also behave effect antagonistic 

agent by showing 72% pathogen inhibition during in vitro 

assays. Phoma herbarum showed significant antagonistic 

activity against Colletotrichum gloeosporioides and 

therefore recommended as bio-control agent (Gupta et al. 

2016). Biocontrol of C. falcatum was successfully 

accomplished by Pseudomonas strains and fungal agents 

during in vitro and field conditions (Joshi et al. 2016; 

Viswanathan and Malathi 2019). The other bacterial strains 

also showed the distinct effect during antagonistic assays 

and proved that native residential microbiota might play 

important role in plant disease protection. 

 

Conclusion 

 

The results of this study concluded that only few sugarcane 

genotypes are present in Pakistan that showed resistance to 

red rot pathogen under semi-arid climate. Moreover, 

targeted breeding programs need to be accomplished to 

develop disease resistance genotypes against red rot disease. 

The exploration of native microbiota with disease 

suppression potential can be promising alternatives while 

developing management strategies for sugarcane crop. 
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