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ABSTRACT: 

Significant effect of the microorganism treatment on plant growth has been reported by several workers for many crops 

including Watermelon. In present investigation T. harzianum was cultured in modified glucose medium and extracted 

by ethyl acetate. HPLC and GCMS analysis of extract confirmed presence of plant growth regulators such as GA3 and 

IAA. Various conc. of extracted PGRs were prepared and applied on watermelon to analyze bioefficacy. Results 

indicated that 10% treatment significantly increases number of flowers, whereas increased in concentration above 10% 

inhibits flowering. Spraying of purified growth regulators significantly increases number of fruit over the control in all 

treatments, maximum number of fruits were observed in 5% treatment (11.6) followed by 10% and 15% over the 

control(5.66). Similarly all treatments in watermelon showed improvement in fruit weight significantly. Highest average 

weight of fruits was recorded in 10% conc. (3.9 Kg), followed by 15% and 5% over the control (2.26), this finding 

confirmed that Trichoderma culture extract significantly promotes crop productivity.  

Key Words :- Trichoderma, bioefficacy, watermelon, PGR. 

 

INTRODUCTION: 

Watermelon (Citrullus lanatus) is an important 

fruit crop and cultivated all over the world. Plant 

growth regulators are known to improve crop yield 

many fold in many crops and genes for production 

of PGRs are distributed all over plant 

kingdom(Tien et al., 1979; Badenoch-Jones et al., 

1982; Comai and Kosuge, 1980; Liu et al., 1982; 

Atzorn et al., 1988; Fallik, et al., 1989; El-Khawas 

and Adachi, 1999; Fuentes-Ramírez et al., 1993; 

Bastián et al., 1998; Manulis et al., 1998; Al-

Askar et al., 2016; Ismail et al., 2017).Several 

workers demonstrated that application of 

Trichoderma show significant improvement in crop 

productivity in watermelons (Wu et al., 2009; 

Hamed et al., 2011; Ramesh et al., 2017) 

Trichoderma species have long been 

identified as plant beneficial fungi and known to  

 

improve crop yield in many crops including 

watermelon (Manoranjitham et al. 2000; Rasool 

2011; Ozbay et al., 2004; Ramesh 2017; Uddin et 

al. 2018). Recent reports shown that Trichoderma  

produce PGRs like GA3 and IAA (Windham et al., 

1986; Roco and Perez, 2001; Gravel et al., 2007; 

Contreras-Cornejo et al., 2009; Ismail et al. 2017; 

Al-Askar et al., 2017). Considering the benefits,T. 

harzianum liquid culture was carried out and 

bioefficacy of culture extract was tested on 

watermelon. 

MATERIALS AND METHODS: 

Isolation, purification and identification:  

Indigenous strains of Trichoderma were isolated 

by using serial dilution technique from soil 

around rhizosphere soil on Trichoderma Selective 

Medium (Johnson and Curl, 1972; Elad and Chet, 

1983; Bhagat, 2008, Bhagat and Pan, 2010).  
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Individual strains were purified by repeated sub 

culturing and they were identified on the basis of 

morphological, cultural and molecular characters 

(Rifai, 1969; Gam and Bisset, 1998; Bhagat and 

Pan, 2010). 

Liquid culture: 

Selected strain was cultured in modified glucose 

medium (Glucose 30g/l, Ammonium tartrate 

10g/l, Potassium phosphate 3.0g/l and 

potassium sulphate 0.2g/l) at optimum physical 

condition 300 C Temp, 216 hrs. Incubation period  

and 100 rpm. 

Extraction and chemical analysis: 

Culture filtrate was extracted by ethyl acetate and 

chemical analysis was carried out by using 

advanced analytical instrument such as UV 

spectrophotometer, HPLC and GCMS (Mahadevan 

and Chandramohan, 1966; Mahadevan and 

Sridhar 1982; Rachev et al., 1993 and Kirti et al. 

2009). 

Crop treatment and bioefficacy: 

To analyze crop productivity two sprays of 

extracted PGRs were applied with five days 

interval at onset of flowering (5, 10 and 15 %).  

Number of flowers was counted on 15th day of 

treatment whereas fruit weight was measured at 

maturity. 

RESULT AND DISCUSSION: 

 Native strain of T. harzianum was 

successfully isolated on TSM (Elad and Chet, 

1983) and was maintained on PDA (Ricker and 

Ricker, 1936). Purified strain was identified on the 

basis of morphological, cultural and molecular 

characteristics. Culturing of purified strain was 

carried out in modified glucose medium and 

culture filtrate was extracted successfully by 

using by ethyl acetate. Chemical analysis was 

carried out by using analytical techniques such as 

UV spectrophotometer, HPLC and GCMS and 

found that extract contains plant growth 

regulators like GA3 and IAA. These resultsin 

accordance with many workers who reported that 

T. harzianum produce PGRs (Windham et al., 

1986; Roco and Perez, 2001; Gravel et al., 2007; 

Contreras-Cornejo et al., 2009; Ismail et al. 2017; 

Al-Askar et al., 2017). To study effect of T. 

harzianum PGRs on productivity of watermelon 

local cultivar was selected. Spraying of extracted 

PGRs was undertaken at onset of flowering, with 

five days interval two sprays of extracted PGRs 

were applied. Crop productivity was analyzed by 

yield parameters such as number of flowers, 

number of fruits, and weight of fruits. Results 

tabulated in table 1 indicate that 10% treatment 

significantly increases number of flowers, whereas 

increased in concentration above 10% inhibits 

flowering. Maximum number of flowers was 

observed in 10% conc. (48) over the control 

(37.66) and least number in 15% (32.66). 

Spraying of purified growth regulators 

significantly increases fruit over the control in all 

treatments, maximum no of fruits were observed 

in 5% treatment (11.6) followed by 10% and 15% 

over the control (5.66). Similarly all treatments in 

watermelon showed improvement in fruit weight 

significantly. Highest average weight of fruits was 

recorded in 10% conc. (3.9 Kg), followed by 15% 

and 5% over the control (2.26), this finding 

confirmed that Trichoderma culture extract 

significantly promotes crop productivity. These 

results were in accordance with Chet (2001). 

Studies on effect of plant growth promoting 

abilities of Trichoderma in melons indicates that 

application of Trichoderma improve seed 

germination and seedling growth (Hamed et al., 

2011). Considering the benefits liquid culture of 

selected strain of Trichoderma and foliar 

application should be applied at optimum 

concentration to obtain maximum yield. 

 



I J R B A T, Issue (VIII), Vol. III, Sept 2020: 218-224  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                        Original Article 

 

 

 

 

P
ag

e2
2

0
 

RE CES: 

Al-Askar, A., Ezzat, A. S. & Khalid, I. A. (2016). 

Trichoderma  harzianumWKY5 and its 

gibberellic acid control of Rhizoctonia 

solani, improve sprouting, growth and 

productivity of potato. Egyptian Journal 

of Biological Pest Control, 26, 787-796. 

Antoun, H., Beauchamp, C.J., Goussard, N., 

Chabot, R., Lalande, R., (1998). 

Potential of Rhizobium and Brady 

rhizobium species as plant growth 

promoting rhizobacteria on non-

legumes: effect on radishes (Raphanus 

sativus L.). Plant and Soil 204, 57–67. 

Antoun, H., Pre´vost, D., (2005). Ecology of plant 

growth promoting rhizobacteria. In: 

Siddiqui, Z.A. (Ed.), PGPR: Biocontrol 

and Biofertilization. Springer, 

Dordrecht, pp. 1–38. 

Atzorn, R., Crozier, A., Wheeler, C. T. & Sandberg, 

G. (1988). Production of gibberellins 

and indole-3- acetic acid by Rhizobium 

phaseoliin relation to nodulation of 

Phaseolus vulgaris roots. Planta., 175, 

532-538. 

Badenoch-Jones, J., Summons, R. E., Djordjevic, 

M. A., Shine, J., Letham, D. S. & Rolfe, 

B. G. (1982). Mass-spectrometric 

quantification of indole-3-acetic acid in 

culture supernatants of Rhizobium 

strains, studies in relation to root hair 

curling and nodule initiation. Appl. 

Environ. Microbiol.,44, 275-280. 

Bal, U. & Altintas, S. (2006). Effects of 

Trichoderma  harzianumon the yield and 

fruit quality of tomato plants 

(Lycopersicone sculentum) grown in an 

unheated greenhouse. Aust. J. Exp. 

Agric., 46, 131–136. 

Bastián, F., Cohen, A., Piccoli, P., Luna, V., 

Baraldi, R., &Bottini, R. (1998). 

Production of indole-3- acetic acid and 

gibberellins A1 and A3 by Acetobacter 

diazotrophicus and Herbaspirillum 

seropedicae in chemically defined 

culture media. Plant Growth Reg., 24, 7-

11. 

Bhagat, S & Pan, S. (2010). Cultural and 

phenotypic characterization of 

Trichoderma species from Andaman and 

Nicobar Islands. Journal of Mycology 

and Plant Pathology, 40(1), 145-157. 

Chacon, M.R., Rodriguez-Galan, O., Beritez, T., 

Sousa, S., Rey, M., Llobell, A. & 

Delgado-Jarana, J. (2007). Microscopic 

and transcriptome analyses of early 

colonization of tomato roots by 

Trichoderma  harzianum. Int. Microbiol., 

10, 19-27. 

Comai, L. &Kosuge, T. (1980). Involvement of a 

plasmid deoxyribonucleic acid in indole 

acetic acid synthesis in Pseudomonas 

savastanoi.J. Bacteriol., 143, 950-957. 

Contreras-Cornejo, H.A., Macías-Rodríguez, L., 

Cortés-Penagos, C. &López-Bucio, J. 

(2009). Trichoderma  virens, a plant 

beneficial fungus, enhances biomass 

production and promotes lateral root 

growth through an auxin-dependent 

mechanism in Arabidopsis. Plant 

Physiol., 149, 1579–1592. 

Elad, Y. & Chet, I. (1983). Improved selective 

media for isolation of Trichoderma 

species and Fusarium species. 

Phytoparasitica, 11, 55-58. 

El-Khawas, H. & Adachi, K. (1999). Identification 

and quantification of auxins in culture 

media of Azospirillum and Klebsiella 

and their effect on rice roots. Biol. Fertil. 

Soils.,28, 377-381 

Fallik, E., Okon, Y. Epstein, Y. E., Goldman, A. & 

Fischer, M. (1989).Identification and 

quantification of IAA and IBA in Azospirillum 



I J R B A T, Issue (VIII), Vol. III, Sept 2020: 218-224  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                        Original Article 

 

 

 

 

P
ag

e2
2

1
 

brasilense inoculated maize roots. Soil Biol. 

Biochem., 21, 147-153. 

Foefanova, N.D. (1962). Effect of gibberellic acid 

on setting and development of fruit in 

tomatoes. M.Sc. Thesis, Department 

Heretical NWFP Agriculture University 

Peshawar. 

Fuentes-Ramírez, L. E., Jiménez Salgado, T., 

Abarca Ocampo, I. R., & Caballero-

Mellado, J. (1993). Acetobacter 

diazotrophicus, an indole acetic acid 

producing bacterium isolated from 

sugarcane cultivars of México. Plant 

Soil, 154, 145-150. 

Gagne´, S., Dehbi, L., Le Que´re´ , D., Cayer, F., 

Morin, J.-L., Lemay, R., Fournier, N., 

(1993). Increase of greenhouse tomato 

fruit yields by plant growth-promoting 

rhizobacteria (PGPR) inoculated into the 

peat based growing media. Soil Biology 

& Biochemistry 25, 269–272. 

Gams, W. & Bissett, J. (1998). Morphology and 

identification of Trichoderma In 

Trichoderma and Gliocladium: Basic 

biology, taxonomy and genetics 

(Kubicek, C. P. & Harman, G. E., eds), 

Taylor & Francis, London, 3-34. 

Gravel,V., Antoun, H. & Tweddell, R. J. (2007). 

Growth stimulation and fruit yield 

improvement of greenhouse tomato 

plants by inoculation with 

Pseudomonas putidaor Trichoderma 

atroviride: possible role of indole acetic 

acid (IAA). Soil Biol Biochem, 39, 1968–

1977. 

Guo, J.H., Qi, H.Y., Guo, Y.H., Ge, H.L., Gong, 

L.Y., Zhang, L.X., Sun, P.H., (2004). 

Biocontrol of tomato wilt by plant 

growth-promoting rhizobacteria. 

Biological Control 29, 66–72. 

Hamed, K., Safieh V. J., Hossein, A. &Morteza, M. 

(2011). Would Trichoderma affect seed 

germination and seedling quality of two 

muskmelon cultivars, khatooni and 

qasri and increase their transplanting 

success. J. Biol. Environ. Sci., 5(15), 

169-175.  

Harman, G.E., Petzoldt, R., Comis, A. & Chen, J. 

(2004). Interactions between 

Trichoderma  harzianum strain T22 and 

maize inbred line Mo17 and effect of 

this interaction on diseases caused by 

Pythium ultmum and Colletotricum 

graminicola. Phytopathol., 94(2), 147–

153. 

Ismail A.S., Ghoneem, K., Rashad, Y. & Al-Askar, 

A. (2017). Trichoderma harzianum 

WKY1: an indole acetic acid producer 

for growth improvement and 

anthracnose disease control in 

sorghum. Biocontrol Science and 

Technology, 27 (5), 654-676. 

Johnson, L. I. & Curl, E. A. (1972). Methods for 

research on ecology of soil-borne 

pathogens. Burgess Publication Co, 

Minneapolis. 

Kirti, B., Shashi, B. &Rashmi A. (2009). 

Quantitative determination of 

gibberellins by high performance liquid 

chromatography from various 

gibberellins producing Fusarium 

strains. Environ. Monit. Assess., 167, 

515–520. 

Kokalis-Burelle, N., Vavrina, C.S., Rosskopf, E.N., 

Shelby, R.A., (2002). Field evaluation of 

plant growth-promoting rhizobacteria 

amended transplant mixes and soil 

solarization for tomato and pepper 

production in Florida. Plant and Soil 

238, 257–266. 

Lewis, J.A. &Lumsden, R.D. (2001). Biocontrol of 

damping off of greenhouse grown crops 

caused by Rhizoctonia solani with a 



I J R B A T, Issue (VIII), Vol. III, Sept 2020: 218-224  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                        Original Article 

 

 

 

 

P
ag

e2
2

2
 

formulation of Trichoderma species. 

Crop Protection, 20, 49-56. 

Liu, S. T., Perry, K. L., Schardl, C. L. &Kado, C. I. 

(1982). Agrobacterium Ti plasmid indole 

acetic acid gene is required for crown 

gall oncogenesis. Proc. Natl. Acad. Sci. 

U.S.A., 79, 2812-2816. 

Mahadevan, A. & Chandramohan, D. 

(1966).Auxin production by the rice leaf 

blight fungus, Helminthosporium 

oryzaeand other Helminthosporium. Ind. 

Phylopath. Soc. Symp. Bull., 3, 91-96.  

Mahadevan, A. and Sridhar, R. (1982). Hydrolytic 

enzymes. In: Methods in physiological 

plant pathology, second ed., Sivakami 

publishers, Madras, 24-44. 

Manoranjitham, S. K., Prakasam, V., Rajappan, K. 

& Amutha, G. (2000). Effect of two 

antagonists on damping off disease of 

tomato. Indian Phytopathology, 53, 441-

443. 

Manulis, S., Haviv-Chesner, A., Brandl, M. T., 

Lindow, S. E., &Barash. I. (1998). 

Differential involvement of indole-3-

acetic acid biosynthetic a pathways in 

pathogenicity and epiphytic fitness of 

Erwiniaher bicolapv. gypsophilae. Mol. 

Plant-Microbe Interact.,11, 634-642. 

Ozbay, N., Newman, S.E. & Brown, W.M. 

(2004).The Effect of the Trichoderma  

harzianum strains on the growth of 

tomato Seedlings. Acta. Hort., 635, 131-

135. 

Plummer, H. & Tomoes M.L. (1953). Effect of 

indole acetic acid and gibberellic acid 

normal and dwarf tomatoes.M.Sc. 

Thesis, Department Heretical NWFP 

Agriculture University Peshawar. 

Ramesh, Raman & Singh, N.. (2017). Field 

Evaluation of Talc Formulation of 

Trichoderma for the Management of 

Fusarium Wilt in Watermelon. Indian 

Phytopathology. 70. 75-79. 

10.24838/ip.2017.v70.i1.49000. 

Rasool, A., Behzad, H. & Abolfazl, G. (2011). 

Effect of Trichoderma isolates on tomato 

seedling growth response and nutrient 

uptake. African Journal of 

Biotechnology, 10(31), 5850-5855. 

Rifai, M. A. (1969). A revision of genus 

Trichoderma. Mycological papers No. 

116, 01- 65. 

Roco, A. & Perez, L.M. (2001). In vitro biocontrol 

activity of Trichoderma harzianumon 

Alternaria alternatain the presence of 

growth regulators. Electron. J. 

Biotechnol., 4, 1–6. 

 

Sundaramoorthy & Balabaskar. (2013). 

Evaluation of combined efficacy of 

Pseudomonas fluorescens and Bacillus 

subtilis in managing tomato wilt caused 

by Fusarium oxysporumf. sp. lycopersici 

(Fol). Plant Pathology Journal, 12 (4), 

154-161. 

Tien, T. M., Gaskins, M. H., & Hubbell, D. H. 

(1979). Plant growth substances 

produced by Azospirillum brasilense 

and their effect on the growth of pearl 

millet (Pennisetum americanumL.). Appl. 

Environ. Microbiol.,37, 1016-1024. 

Uddin, M. M., Akhtar, N., Islam, M. T. & Faruq, A. 

N. (2011). Effect of Trichoderma  

harzianum and some selected soil 

amendment against damping off disease 

complex of potato and chili. The 

Agriculturists, 9(1&2), 106-116. 

Whipps, J.M., (1997). Developments in the 

biological control of soil-borne plant 

pathogens. Advances in Botanical 

Research. 26, 1–134. 

Windham, M.T., Elad, Y. & Baker, R. (1986). A 

mechanism for increased plant growth 



I J R B A T, Issue (VIII), Vol. III, Sept 2020: 218-224  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                        Original Article 

 

 

 

 

P
ag

e2
2

3
 

induced by Trichoderma spp. Phyto- 

path., 76, 518–521. 

Wu HS, Gao ZQ, Zhou XD, Shi X, Wang MY, 

Shang XX, Liu YD, Gu DL and Wang 

WZ (2013). Microbial dynamics and 

natural remediation patterns of 

Fusarium infested watermelon soil 

under 3 yr of continuous fallow 

condition.  Soil Use Manage.  29: 220-

229. 

 

 

Wu HS, Yang XN, Fan JQ, Miao WG, Ling N, Xu 

YC, Huang QW and Shen Q (2009). 

Suppression of Fusarium wilt of 

watermelon by a bio-organic fertilizer 

containing combinations of antagonistic 

microorganisms.  Bio Control 54: 287-

300. 

 

 

 

 

 

Table 1: Effect of Trichoderma  PGRson Watermelon 

Sr. 

No. 
Parameter  

Trichoderma  PGRs concentration 

Control 5% 10% 15% 

1 Number of flowers  37.6±2.05 46.6±1.24 48.5±1.63** 32.6± 5.24 

2 Number of fruits  5.6±1.69 11.6±1.24** 8.6±1.24 7.0±1.41 

3 Fruit weight at maturity (kg) 2.2±0.16 2.4±0.44 3.9±0.21** 2.6±0.16 

±  S.D. ,    Significant over control (* t ≥ t critical at 5% ,  ** t ≥ t critical at 1%) 

 

Figure 1: Effect of PGRs on Watermelon productivity 
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Plate 1: Effect of Trichoderma  PGRs conc. on Watermelon productivity 
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