In vitro evaluation of plant growth promoting rhizobacteria isolates against Fusarium oxysporum f. sp. ciceri
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ABSTRACT
	Chickpea (Cicer arietinum L.) is one of the most important pulse crops, contributing significantly to global pulse production. However, its productivity is severely constrained by Fusarium wilt, caused by Fusarium oxysporum f. sp. ciceri. The present study evaluates the antagonistic potential of native Plant Growth Promoting Rhizobacteria (PGPR) isolates collected from the Marathwada region, Maharashtra, against this pathogen. A total of 19 PGPR isolates were screened using an in vitro dual culture assay, where inhibition of fungal mycelial growth ranged from 39.63% to 86.67%. Among these, the isolate CPA2 exhibited the highest inhibition (86.67%), followed by CPP4 (85.22%) and CPJ1 (83.48%). The antagonistic activity of PGPR is attributed to the production of bioactive compounds such as siderophores, antibiotics, and hydrolytic enzymes that suppress pathogen growth. The study suggests that these native PGPR isolates have the potential to be developed as biocontrol agents for sustainable management of Fusarium wilt in chickpea cultivation.
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1. Introduction
Chickpea (Cicer arietinum L.) Bengal gram, or Garbenzo bean is an annual legume of the family Fabaceae subfamily Faboideae. World's third most important pulse crop after beans (Phaseolus vulgaris L.) and peas (Pisum sativum L.). The primary center of origin of Bengal gram is stated to be eastern Mediterranean, although its likely origin is in Southwestern Asia with Ethiopia serving as the secondary origin. It is widely cultivated throughout various subtropical and warm temperate climates and it supplies 20 percent of the world's pulses. Major producers of chickpeas include India, Pakistan and Mexico. About 90 percent of the world’s production of chickpeas is produced in six nations, India, Australia, Turkey, Myanmar, Pakistan and Ethiopia. It grows best as a post-monsoon cool season crop in semi-arid regions of the sub- continent with a crop duration of 80 to 170 days.


Globally, Bengal gram is produced in an area of 137 lakh ha. with a production of 142.4 lakh tonnes and a productivity of 1038 kg/ha (Anonymous, 2019b). India supplies 70 percent of the world’s Bengal gram production of 116.2 lakh tonnes cultivated under 112 lakh ha. With Productivity of 1036 kg/ha in 2020-21 (Anonymous, 2021). The output of all pulses in 2020-21 was dominated by chickpeas, which accounted for 49.30 percent of total pulses production. India is the largest producer of world gram production followed by Australia, Myanmar, and Ethiopia (Anonymous, 2019b).
Maharashtra contributes a total area of 20.38 lakh ha. under chickpea cultivation with a production of 17.29 lakh tonnes and productivity of 848.55 kg/ha. (Anonymous, 2020). It is one of the significant rabi pulse crops grown in the Marathwada region of Maharashtra state. In the Marathwada region, chickpea was cultivated on an area of 10.59 lakh ha. with a production of
7.96 lakh tonnes and productivity of 707.56 kg/ha (Anonymous, 2020).
Plant Growth Promoting Rhizobacteria sp. secrete several metabolites that trigger plant growth and prevent pathogen infection. Limited studies have been conducted to understand the physiological changes that occur in crops in response to protecting adverse environmental conditions. This review describes the current understanding of PGPR sp.-induced physiological changes in plants as an adaptation to abiotic and biotic stresses. During water scarcity, salinity and heavy metals accumulate in soil the PGPR sp. produces exopolysaccharides and siderophores which prevent the movement of toxic ions and adjust the ionic balance and water transport in plant tissues while controlling the pathogenic microbial population. In addition, the synthesis of indole-3- acetic acid, gibberellic acid and1- aminocyclopropane-1- carboxylate (ACC) deaminase by PGPR regulates the intracellular phytohormone metabolism and increases plant stress tolerance. Cell-wall-degrading substances, such as chitosanase, protease, cellulase, glucanase, lipopeptides and hydrogen cyanide from PGPR sp. damage the pathogenic bacteria, fungi, nematodes, viruses and pests to control their populations in plants and agricultural lands. The typical plant metabolism is affected by unfavorable environmental stimuli, which suppress crop growth and yield. Abiotic and biotic stress factors that have detrimental effects on crops are mitigated by PGPR-induced physiological changes, including the regulation of water transport, nutrient uptake, and the activation of the antioxidant and defense systems. PGPR association stimulates plant immunity against stresses by altering stress-responsive genes, proteins, phytohormones, and related metabolites. 

This review describes the beneficial effect of PGPR sp. on crop plants, which improves plant productivity under unfavorable climatic conditions, and the current understanding of the mitigation mechanism of PGPR sp. in stress-tolerant and/or stress-resistant plants. (Radhakrishna et al., 2017).
MATERIALS AND METHODS
2. 3.4 Collection of rhizosphere soil samples for PGPR isolates.
The rhizosphere soil samples were collected from healthy chickpea plants from three agroclimatic zones of the Marathwada region, Maharashtra, India. Soil samples were collected randomly at a depth of 0-15 cm using standard protocols. From each location, five random samples were collected and pooled together to get a representative composite soil sample by quartering technique. About 100 g of soil from each location was properly labeled with the requisite information, sealed, and stored in the refrigerator till further studies.
Isolation
The rhizosphere samples were collected from healthy chickpea plants using standard protocol. After drying and processing, ten grams of soil sample was suspended in 90 ml of sterile water and serial dilutions of the suspensions were made in sterile water blanks. One milliliter of 10-4 to 10-7 dilutions was plated on Nutrient agar medium (NAM). The plates were incubated for 4-5 days at 28 ± 2 °C and observed light yellow off-white-coloured colonies. Based on the descriptions of Chhabra and Sharma (2019), PGPR isolates were identified. The isolates were purified and maintained on Nutrient agar medium (NAM) plates and stored at 4 °C.
Antagonism of PGPR isolates.
The PGPR isolates were tested for their antagonistic properties against the wilt-causing fungus Fusarium oxysporum f. sp. ciceri by dual culture method (Karimi et al. (2012). In dual culture, 20 ml of sterilized and cooled nutrient agar was poured into sterile petri plates and allowed to solidify. Bacterial culture of 5 mm diameter cut from the margin of 5 days actively growing cultures of both test pathogen and antagonists were placed opposite to each other on PDA in Petri plates (90 mm). The Petri plates with a disc of the Fusarium alone served as the control. Each treatment was replicated three times. The inoculated petri plates were incubated at 28 ± 2 °C for 7 days.




Experiment Details
Design	            :	CRD (Completely Randomized Design) Treatments	:	 Twenty
Replications       :  Three
Observations on linear mycelial growth of the test pathogen and biocontrol agents were measured, and percent growth inhibition of the test pathogen was calculated by applying the formula given by Vincent (1947) as follows.
                                             C - T
                   Per cent inhibition (I) =………………..	× 100
                                                    C
Where,
C= Colony growth of Pathogen in control (mm)
T= Colony growth of Pathogen in dual culture plate (mm)



RESULTS AND DISCUSSION
	In the dual culture test, all nineteen isolates of PGPR inhibited the mycelial growth of Fusarium oxysporum f. sp. ciceri with percent growth inhibition ranging from 39.63 to 86.67 percent. All the isolates inhibited the growth of tested fungi significantly. The results of the dual culture technique indicated that in (Table 1 and Plate 1).
	Among the nineteen PGPR isolates tested, significant percent growth inhibition of Fusarium oxysporum f. sp. ciceri was reported in eight isolates ranging from 71.26 to 86.67 percent with radial growth ranging from 12.00 to 25.87 mm. Among these eight isolates, PGPR isolate CPA2 was proved most effective with maximum inhibition (86.67 %) of Fusarium oxysporum f. sp. ciceri with radial growth 12.00 mm which was at par with isolate CPP4 with 85.22 per cent inhibition and radial growth 13.30 mm followed by isolate CPJ1 with 83.48 per cent inhibition and radial growth 14.87 mm followed by isolates CPN2, CPB2 and CPB1, which were found significantly at par with each other with 79.63, 79.26 and 77.85 per cent inhibition with radial growth 18.33 mm, 18.67 mm and 19.93 respectively. It was followed by isolates CPL2, and CPO2 with 74.07, 71.26 percent inhibition, and radial growth of 23.33 mm and 25.87mm, respectively.
	The difference in percent inhibition of mycelial radial growth indicated differences in antagonistic activity among all the isolates of PGPR against Fusarium oxysporum f. sp. ciceri. The variability in the antagonistic ability of PGPR isolates against pathogens showed clear-cut differences in results obtained. 

It may also be due to the production of volatile or non-volatile toxic metabolites like antibiotics, aldehydes, ketones, cyanide, ethylene, organic acids, and other factors like siderophores which played an indirect role in the inhibition of pathogen growth.
Table 1: In vitro evaluation of Plant Growth Promoting Rhizobacteria isolates against most virulent Fusarium oxysporum f. sp. ciceri

	Sr. no.
	Isolate code
	* Colony growth (mm)
	* Inhibition (%)

	1
	CPP1
	45.20
	49.78
(44.87)

	2
	CPP2
	40.33
	55.19
(47.98)

	3
	CPP3
	51.20
	43.11
(41.04)

	4
	CPP4
	13.30
	85.22
(67.39)

	5
	CPN1
	54.33
	39.63
(39.01)

	6
	CPN2
	18.33
	79.63
(63.17)

	7
	CPN3
	51.67
	42.59
(40.74)

	8
	CPJ1
	14.87
	83.48
(66.02)

	9
	CPJ2
	39.67
	55.93
(48.40)

	10
	CPA1
	45.87
	49.04
(44.45)

	11
	CPA2
	12.00
	86.67
(68.58)

	12
	CPL1
	48.87
	45.70
(42.54)

	13
	CPL2
	23.33
	74.07
(59.39)

	14
	CPO1
	38.67
	57.04
(49.05)

	15
	CPO2
	25.87
	71.26
(57.58)

	16
	CPB1
	19.93
	77.85
(61.93)

	17
	CPB2
	18.67
	79.26
(62.91)

	18
	CPH1
	53.43
	40.63
(39.60)

	19
	CPH2
	46.87
	47.93
(43.81)

	20
	Control
	90.00
	-

	SE(m)±
	0.81
	0.55

	C. D. (P=0.01)
	2.32
	1.59


*Figures in the parenthesis are angular transformed value









			




Plate 1: In vitro efficacy of eight Plant Growth Promoting Rhizobacteria isolates against most virulent
Fusarium oxysporum f. sp. ciceri


The results were consistent with reports of Kala et al. (2016), Wavare et al. (2017), and Thaware et al. (2017), who reported the highest mycelial growth inhibition of Fusarium oxysporum f. sp. ciceri (81.59 %) by Pseudomonas fluorescens. Similarly, brigido et al. (2019) studied in vitro hyphal inhibition of F. oxysporum f. sp. ciceris race 5 and suppression of Fusarium wilt. Nineteen Bacillus, Paenibacillus, Pseudomonas, and Stenotrophomonas spp. of the 23 bacterial isolates in the study significantly (P < 0.05) inhibited the in vitro hyphal growth of F. oxysporum f. sp. ciceris race 5 However, the extent of inhibition varied among isolates. Kapali et al. (2016) also reported the highest inhibition (82.25 %) by Pseudomonas fluorescens. Whereas Kadam et al. (2019) recorded a higher rate of inhibition (86.49%) Similar findings were also reported by Landa et al. (2001), Hesamedian et al. (2009), Kandoliya and Vakharia (2013), Chandar et al. (2016), Kapali et al. (2016), Zaim et al. (2018), Pandey et al. (2022) and Dewi et al. (2023).
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