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Abstract  

Agricullture is the backbone of developing countries and playing role in primary drivers of 

economy. Increasing use of chenical fertilizers and insecticides produces harzadous effect on 

human health, plant soils and environment. Biological agents for controlling root pathogens 

have gained more attention in recent years as substitutes in management of pest control and 

providing plant health management. Microbial antagonists including Trichoderma harzianum, 

Paecilomyces lilacinus, Bacillus subtilis and Pseudomonas aeruginosa as seed treatment along 

with extract of Momordica charantia and Citrus sinensis peel powder as soil drenching were 

applied in soil. P. lilacinus in combination with 100% M. charantia peel extract gave excellent 

results in improvement of plant health and reduction in infection caused by plant pathogens.  

Keywords: peel extract, pot experiment, root infecting fungi, soil amendment. 

 

Introduction 

Citrus sinensis L., locally called Mosambi (sweet orange), belongs to the Rutaceae 

family. It can be cultivated both in the subtropical and the tropical humid regions containing 

numerous bioactive phytochemical constituents e.g. polyphenols, flavone glycosides 

(hesperidin, pigments (anthocyanin, zeaxanthin), vitamins (B-complexes and C) and minerals 

(magnesium, calcium, iron, potassium, zinc and phosphorus) (Chopra, 2002). It also possesses 

anti-oxidant activity due to presence of flavonoids constituention (Guarnieri et al., 2007). The 

essential oils of C. sinensis peels contain suih antimicrobial properties such as antiviral, 

antibacterial, antifungal and antiparasitic activities (Rehman et al., 2007).  

Momordica charantia L. locally known as bitter gourd or karalla in Pakistan, belongs to 

the family Cucurbitaceae mostly found in tropical and subtropical areas. It is mostly distributed 

in Africa, China, Malaysia and India (Gupta et al., 2011). M. charantia possesses an array of 
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compounds which contains alkaloids, triterpens, steroids, flavonoids, proteins and saponins. Due 

to the occurance of these compounds M. charantia investigated as anti-viral, anti-fungal, anti-

bacterial, antitumorous, anti-fertility, antiparasitic properties (Beloin et al., 2005; Gordon et al., 

2011; Ordonez et al., 2006; Battinelli et al., 2006).  

The rhizosphere considered to be an important ecological niche of microbial 

biodiversity having a benificial effect on each other and wit roots of host plant. Rhizospheric 

microorganisms produce different effects on plants like some can impact good development on 

plant while others have bad influence in terms of their development (Klopper and Beauchamp, 

1992). Beneficial microorganisms can secrete substances to inhibit the growth of 

phytopathogenic organisms termed as anatagonistic. Studies showed that 10% of soil isolates 

recorded to hve antagonistic potential in vitro while small number are able to inhibit a broad 

spectrum of pathogenic species and it was reported that biocontrol mechanisms include 

secretion of extracellular metabolites like hydrogen cyanide, siderophores, antibiotics, 

hydrolytic enzymes or competition for nutrients (Fernando et al., 2005; Gupta et al., 2000; Jin 

et al., 2011; Kumar et al., 2011; Lesel et al. 1986; Ngoma et al., 2013; Rakotoarimanga et al., 

2014). Moreover, beneficial microorganisms were increase plant development, soil 

improvement and suppressing diseases caused by pathogens (Whipps and Lumsden, 2001).   

The present work aimed to select some fungal and bacterial plant growth promoting 

strains having antagonistic activity and combined with fruits peel extracts and record its effect 

on suppression of phytopathogens in soil.  

Materials and Methods 

 Peels collection: Citrus sinensis and Momordica charantia peels were collected from local 

markets of Karachi, washed, dried in air under sunlight and made fine powder using an electric 

grinder.     

Microbial Antagonists Collection: Bacillus subtilis (Bs-13), Pseudomonas aeruginosa (Pa-

32), Trichoderma harzianum Rifai (Th-60), Paecilomyces lilacinus (GenBank with accessium 

numbers MW566158) were collected from Karachi University Culture Collection (KUCC) and 

further multiplied on their respective media.
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Efficacy of microbial antagonists with peels extract: Peels powder of Citrus sinensis and 

Momordica charantia were extracted using distilled water by soaking method for 24 hours 

under room temperature (32°C). The peel extracts were prepared at the concentrations of 100, 

75 and 50 % w/v. Pots were filled with sandy loam soil and placed at screen house of 

Department of Botany, University of Karachi. Seeds of chickpea (Cicer arietinum (L.) and 

sunflower (Helianthus annuus (L.) washed with distilled water and sterilized with sodium 

hypochloride (1-2 minutes). Gum arabic (2%) was used as sticking agent to coated the seeds 

with microbial antagonists seperately and dried under laminar air flow. These coated seeds are 

sown in soil filled pots (4 seeds/pot). Some of coated seeds was observed for the colony 

forming unit (CFU) of bacteria and fungi by using serial dilution technique (Aneja, 2001; 

Yadav et al., 2010). The soil was drenched with extract of C. sinensis and M. charantia peels. 

For comparision, control pots were also prepared where seeds were coated with distilled water 

and drenched with distilled water. Plants were uprooted after thirty days of germination and 

record the data and analysed.  

Results 

Combination of M. charantia and C. sinensis peel extract as soil drenching with microbial 

antagonists as seed treatment were applied in soil. The colony forming unit of microbial 

antagonists were calculated as Trichoderma harzianum (65×10-6), Paecilomyces lilacinus 

(76×10-6), Bacillus subtilis (16×10-8) and Pseudomonas aeruginosa (22×10-8) respectively. The 

combination of peel extract and microbial antagonists showed reduction in infection of root rot 

fungi and increment of growth parameters. It was noticed that root length enhanced when soil 

was drenched with extract of M. charantia and seeds were coated with P. lilacinus followed 

by C. sinensis extract and P. lilacinus seeds coating (P<0.001). Soil drenching with C. sinensis 

extract and seed coating with P. aeruginosa maximized the root weight (P<0.001) followed by 

C. sinensis extract and B. subtilis. However, shoot length (P<0.001) increased in combination 

of soil drenching with M. charantia and seed coating with P. lilacinus whereas, seed coating 

with P. lilacinus in combination with soil drenching with C. sinensis extract improved the shoot 

weight followed by seed coating with P. lilacinus along with drenching of M. charantia extract 
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(P<0.001). Greater number of leaves (P<0.001) recorded when seed coating with P. lilacinus 

along with soil drenching of C. sinensis extract followed by soil drenched with M. charantia 

extract in combination with P. aeruginosa seed coating (Figure 1a). C. sinensis extract in 

combination with P. lilacinus seeds coating actively reduced colonization of M. phaseolina 

(P<0.001). The two most common root infecting fungi, F. oxysporum and R. solani 

significantly (P<0.001) reduced infection rate due to combination of M. charantia extract as 

drenching and seeds coating with P. lilacinus (Figure 1b). 

In case of sunflower, root length was increased when soil drenched with M. charantia 

extract and seed coating with T. harzianum followed by seed coating with P. lilacinus and soil 

drenching with M. charantia extract (P<0.001). Maximum root weight (P<0.001) was noticed 

when soil was drenched with M. charantia extract and seed coating with T. harzianum while 

shoot length and weight optimally observed when seed coating with P. lilacinus in combination 

of soil drenching with M. charantia extract used followed by seed coating with T. harzianum 

and soil drenching with M. charantia extract (P<0.001). Combination of soil drenching of M. 

charantia extract along with seed coating of B. subtilis when applied to the soil improved 

number of leaves (P<0.001) while least number of leaves observed in combination of M. 

charantia extract and seed coating with P. lilacinus (Figure 2a). Colonization of sunflower 

roots with pathogenic fungi were markedly reduced when P. lilacinus in combination with M. 

charantia extract applied to soil significantly (P<0.001) reduced F. oxysporum. M. phaseolina 

(P<0.001) actively reduced infection of roots when M. charantia extract applied to soil and 

seed coating with antagonist T. harzianum followed by P. lilacinus in combination with M. 

charantia extract and other treatments. Another most common root infecting fungus R. solani 

(P<0.001) was actively managed when soil drenched with M. charantia extract and seeds 

coating with P. lilacinus followed by M. charantia extract and seed coating with T. harzianum 

(Figure 2b). 

It was concluded that M. charantia and C. sinensis alone and combine with antagonists 

used as soil drenching and seed coating respectively gave productive results on growth as well 

as reduction in colonization and the combination revealed much better results. M. charantia in 

combination with P. lilacinus gave excellent results as compared to other treatments. 
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Figure 1a: Effect on microbial antagonists alone or in combination with extract of C. 

sinensis and M. charantia on growth parameters of chickpea plants. Values are 

mean and each column showed standard error of three replicates. 

[A= Control; B = 100% C. sinensis peel extract; C = 100% M. charantia peel extract; D = P. 

aeruginosa, E = B. subtilis; F = T. harzianum; G = P. lilacinus; H = C. sinensis peel extract + 

P. aeruginosa; I = C. sinensis peel extract + B. subtilis; J = C. sinensis peel extract + T. 

harzianum; K = C. sinensis peel extract + P. lilacinus; L = M. charantia peel extract + P. 

aeruginos;, M = M. charantia peel extract + B. subtilis; N = M. charantia peel extract + T. 

harzianum; 0 = M. charantia peel extract + P. lilacinus]. 
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Figure 1b: Effect on microbial antagonists alone or in combination with extract of C. 

sinensis and M. charantia on colonization % of chickpea plants. Values are mean 

and each column showed standard error of three replicates. 

[A= Control; B = 100% C. sinensis peel extract; C = 100% M. charantia peel extract; D = P. 

aeruginosa, E = B. subtilis; F = T. harzianum; G = P. lilacinus; H = C. sinensis peel extract + 

P. aeruginosa; I = C. sinensis peel extract + B. subtilis; J = C. sinensis peel extract + T. 

harzianum; K = C. sinensis peel extract + P. lilacinus; L = M. charantia peel extract + P. 

aeruginos;, M = M. charantia peel extract + B. subtilis; N = M. charantia peel extract + T. 

harzianum; 0 = M. charantia peel extract + P. lilacinus]. 
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Figure 2a: Effect of microbial antagonists alone or in combination with peel extract of 

C. sinensis and M. charantia on growth parameters of sunflower plants. Values 

are mean and each column showed standard error of three replicates. 

[A= Control; B = 100% C. sinensis peel extract; C = 100% M. charantia peel extract; D = P. 

aeruginosa, E = B. subtilis; F = T. harzianum; G = P. lilacinus; H = C. sinensis peel extract + 

P. aeruginosa; I = C. sinensis peel extract + B. subtilis; J = sinensis peel extract + T. harzianum; 

K = C. sinensis peel extract + P. lilacinus; L = M. charantia peel extract + P. aeruginos;, M = 

M. charantia peel extract + B. subtilis; N = M. charantia peel extract + T. harzianum; 0 = M. 

charantia peel extract + P. lilacinus] 
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Figure 2b: Effect on fungal antagonists alone or in combination with peel extract of C. 

sinensis and M. charantia on colonization (%) of infecting fungi on sunflower 

plants. Values are mean and each column showed standard error of three 

replicates. 

 [A= Control; B = 100% C. sinensis peel extract; C = 100% M. charantia peel extract; D = P. 

aeruginosa, E = B. subtilis; F = T. harzianum; G = P. lilacinus; H = C. sinensis peel extract + 

P. aeruginosa; I = C. sinensis peel extract + B. subtilis; J = sinensis peel extract + T. harzianum; 

K = C. sinensis peel extract + P. lilacinus; L = M. charantia peel extract + P. aeruginos; M = 

M. charantia peel extract + B. subtilis; N = M. charantia peel extract + T. harzianum; 0 = M. 

charantia peel extract + P. lilacinus ]. 
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Various microorganisms like fungi and bacteria used as antagonists to soil borne 

pathogens causing reduction in disease management sighted high significance in recent years 

(Mohamed et al., 2021; Abo-Elyousr, 2019; Ashmawy, 2020). The main purpose was to reduce 

chemical inputs, energy saving with new opportunities for sustainable fertilization and disease 

management due to readily available (Sánchez-Montesinos, 2021; Jardin et al., 2016). Some 

bacteria (Bacillus subtilis and pseudomonas aeruginosa) and fungi (Trichoderma harzianum 

and Paecilomyces lilacinus) significantly proved in terms of growth characteristics and 

decrease in colonization of root pathogenic fungi. Seed treatment encourages seedling 

establishment, ensure yield and lowers quality losses brought by numerous pathogens. Control 

of root rotting fungi by using numerous antagonists and phyto-constitutes offer an alternate 

mechanism to the prevalent use of synthetic products. Seed treatment controls the pathogenicity 

of fungi both on the seed surface and inside the seed showed effectiveness against pathogenic 

fungi that are soil borne and cause damping off, seed rot, and other root rot diseases (Martha 

et al., 2003). Pseudomonas fluorescens assessed to have high efficiency in reducing the 

pathogen growth due to rapid growth and sporulation resulting in higher competition success 

for space and available sources in contrast to other species (Wang et al., 2021; Ganeshan and 

Kumar, 2005). Combined effect of C. sinensis and M. charantia peel extract has tremendous 

effect on plant growth and in the management of root pathogenic fungi. Present research 

revealed that P. lilacinus in combination with C. sinensis on chickpea plants gave significant 

growth and reduction in colonization of pathogenic fungi. Previously, agro industrial waste in 

combination with antagonistic agents including Lactobacillus plantarum, L. casei, 

Rhodobacter sphaeroides, Rhodopseudomonas palustris, Saccharomyces sp., Streptococcus 

lactis and Streptomyces sp. was used and resulted a promising strategy against Verticilium wilt 

of olive (Varo-Suarez et al., 2018; Montes-Osuna and Mercado-Blanco, 2020; Fernández-

González, 2020). According to Noreen et al. (2015), antagonistic bacteria tends to increase 

plant growth parameters either by inhibition of phyto-pathogens or by direct stimulation. 

Among various rhizospheric bacteria, fluorescent pseudomonades (Rahman et al., 2016) are 

aggressively colonized and have large antagonistic properties against the phyto-pathogens on 

different plant crops. M. charantia alone and in combination with antagonist P. lilacinus used 

as soil drenching and seed coating not only gave excellent results on growth as well as in 

infection of root pathogenic fungi as compared to control. The reason may be that plant M. 

charantia contains biologically active compounds including steroids, alkaloids, saponins and 

flavonoids due to occurance of these plant contains antimicrobial properties (Scartezzini and 

Speroni, 2000). Similar applications observed by (Korejo et al., 2019) on endophytic 
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Pseudomonas aeruginosa in soil treated with L. nudicaulis significantly controlled R. solani, 

F. solani and M. phaseolina on sunflower crops. Studies have already proved that active 

compounds played an essential role in survival mechanism of plants towards various 

pathogenic fungi (Akila et al., 2011) and it was responsible for antifungal properties (Sharma 

and Kumar, 2009; Glazer et al., 2012).  
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