


[bookmark: _Hlk188612901]Screening of chickpea varieties against Fusarium oxysporum f. sp. ciceri.

 
	ABSTRACT

	[bookmark: _Hlk188610541][bookmark: _Hlk188610758]Chickpea, a major legume crop widely grown in India, accounts for 75 per cent of the world’s production. Fusarium oxysporum f. sp. ciceri causes wilt disease and most important soil-borne pathogen affecting its yield. The paper aims to explore screen chickpea varieties against Fusarium oxysporum f. sp. ciceri.In phenotypic screening, fourteen chickpea varieties tested against Fusarium wilt data recorded during the seedling stage revealed that eight varieties were resistant, four were moderately resistant, two were moderately susceptible, and no variety was susceptible, whereas, during flowering, five varieties were resistant, three were moderately resistant, four were moderately susceptible, one was susceptible, and one was highly susceptible. During molecular screening, fourteen chickpea varieties differing in reaction to Fusarium wilt were screened using two SSR markers linked to wilt resistance, viz, TR 29 and TA 194. Both markers detected resistance and generated alleles of size 220 bp (TR 29) and 204 bp (TA 194). Results revealed that marker TR 29 amplified an allele at 220 bp and indicated the presence of resistant loci in eight varieties, whereas, specific band was absent in six varieties and were found susceptible. However, in the case of marker TA 194, amplification of allele at 204 bp indicated the presence of resistant loci in seven varieties, whereas, specific band was absent in seven varieties and they were found susceptible. Fusarium wilt is one of the most important biotic constraints of chickpea, affecting the crop both at the seedling and flowering stage, leading to high losses. Eight varieties have shown the amplification at 220 bp, which indicates that these show resistance to Fusarium oxysporum f. sp. ciceri,
whereas six varieties were found susceptible. 
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1. Introduction
[bookmark: _Hlk164366810][bookmark: _Hlk164366921][bookmark: _Hlk164367221]“Chickpea (Cicer arientinum L.) known as Bengal gram, gram or Channa (Hindi) in common language, belongs to the family Fabaceae” (Dhar et. al. 1998; Thaware et. al. 2020). It is a self-pollinating diploid crop with chromosome number 2n=16 and Eastern Mediterranean being its centre of origin” (Ram et. al. 2023; Aykoid and Doughty 1964; Thaware et. al. 2020). “It is an ancient pulse crop that was first grown in Turkey about 7000 B.C.” (Singh 2020) and has been domesticated in the middle eMiddle East from C. reticulatum (Singh et. al. 2008), a closely related wild species which spread throughout India, and Ethiopia (Ladizinsky 1976; Singh 2020); however, now a adays C. arientinum is the only cultivated species of chickpea playing a significant role in farming systems as a substitute for fellow crops in cereal rotation (Jimenez-Diaz et. al. 2015) and helps to increase soil fertility by biological nitrogen fixation (Yadav et. al. 2023).  “India is a leading producer of chickpea in the world, with a production of 13.75 million tons from an acreage of 10.91 million hectare   hectares having   productivity   of   12.6   q/ha. Chickpea is classified into two broad types, Desiand Kabuli. It is an important source of protein for millions of people in the developing countries, particularly   in   South   Asia   where   people   are largely   vegetarian   in   food   habit   and   depend solely on pulses for their protein requirements” (Kumari et al., 2024; Singh et al., 2025). “Chickpea provides high quality plant-based protein, especially lysin rich to large population sector in Asia, and “nutrition value of chickpea seed is considerably high, containing 20% protein, 64% carbohydrates, 47% starch, 5% fat, 6% crude fibre, 6% soluble sugar and 3% ash” (Dhawan et. al. 1991; Thaware et. al. 2020). “It is widely grown in countries like India (67.4%), Australia (6.21%), Turkey (3.86%) and Myanmar (3.74%)” (Mannur et. al. 2019); however, in India chickpea covers 98.86 lakh Ha, contributing total production of 107.37 lakh tons per year and productivity of 1086 kg/Ha (Anonymous 2021b) whereas, in Punjab it is grown in 0.02 lakh Ha with production of 26 lakh tons and productivity 1322 kg/Ha (Anonymous 2021a). “The chickpea is divided into Kabuli and Desi types based on seed morphology. Kabuli type is white coloured with bigger size and a thin seed coat, whereas desi Desi is smaller in size with a thick seed coat” (Sahu et. al. 2020). It is grown as a sole or mixed crop with wheat, mustard, lentils etc and grows as a post-monsoon winter season crop which requires 21 - 29°C Day and 18 - 26°C night temperatures with 600 to 1000mm rainfall as an optimum condition for better growth and matures within 80 - 170 days (Duke 1981; Chaudhry et. al. 2007; Dhawale and Dhale 2021). “Chickpea productivity is affected by various biotic and abiotic stresses. Major biotic factors include Ascochyta blight (Ascochyta rabiei), Grey mould (Botrytis cinerea), Wilt (Fusarium oxysporum f. sp.ciceri), Stem rot (Sclerotinia sclerotium) and Foot rot (Opercullela padwickii). Out of all these diseases, Fusarium wilt of chickpea is one of the major limiting factors of its production in the Indian subcontinent” (Sahu et. al. 2020).  
[bookmark: _Hlk164367257][bookmark: _Hlk164367776][bookmark: _Hlk164367882][bookmark: _Hlk164368492]In India, it is the most severe and expansive expensive disease of chickpea under favourable conditions and responsible for 80-100% loss in yield (Dhawale and Dhale 2021).  “Fusarium oxysporum f. sp. ciceri is soil borne pathogen which can survive for six years in the soil in the absence of chickpea” (Haware et. al. 1996) and eight pathological races (0, 1A, 1B/C, 2, 3, 4, 5 and 6) in chickpea are reported from which four i.e., 1A, 2, 3, 4 are prevalent in India from which 1A is considered as most virulent race (Lal et. al. 2015; Dandale et. al. 2021). “F. oxysporum f. sp. ciceris is an asexually-reproducing, root-inhibiting fungus which also produces sexual spores (ascospores) and survives inactively in soil by means of chlamydospores free or embedded in plant tissues. Fusarium oxysporum f. sp. ciceris (Foc) is an ascomycete fungal pathogen that significantly limits chickpea productivity, causing annual yield losses of 10 to 15%, and escalates to 100% when temperature and humidity are favourable” (Muche & Yemata, 2022). “Chlamydospores germinates being stimulated by the root exudates, further ingress in germinating seed and growing seedling directly without need of wounds, the fungus grows in intercellular space of root cortex followed by entering the xylem vessels colonizing colonising by means of hyphal growth and microconidia carried by means of transpiration stream causing intense colonization within 10-20 days” (Jimenez-Fernandez et. al. 2013). Fusarium oxysporum enters the plant by penetrating the roots, they by entering into the vascular system of the plant, it causes wilt symptoms, either by developing rotting or tracheomycosis (Dandale et. al. 2021). “Infected plant shows symptoms (3 weeks after sowing) like collapsing of whole seedling which lies flat on ground by retaining normal green colour and the affected seedling when uprooted show uneven shrinkage at collar, such seedling does not show rotting on outer surface but when split open vertically from collar region downwards, black discolouration of internal tissues is clearly visible” (Nene et. al. 1978). “Pathogen usually invades living tissue and survive in dead tissue after necrosis. Severity of chickpea wilt depends on certain factors like virulence of pathogen, genotype, pathogenic race, inoculum density, environmental conditions and cultivar sensitivity (Hashem and Tabassum 2020). Plants when attacked in early stages cause greater loss then than in late stage of life” (Mahajan et. al. 2023). 
	“In general, the disease causes substantial yield losses which may range from 10% to 100% per cent according to favourable weather conditions and varietal susceptibility” (Ramanamma et. al. 2020). “In the early stage of crop wilt, incidence is 77-94% whereas, late wilting 24-65% was observed” (Sunkad et. al. 2019). In Punjab, wilt disease is prevalent in all chickpea growing areas and losses are rangingrange from 10-40% (Kaur et. al. 2015), causing annual loss of 30 million rupees (Singh et. al. 1974). “There are various methods followed to control, but it is quite difficult either through crop rotation or application of chemicals because of its soil borne nature and high degree of perennation” (Dandale et. al. 2021). So, the management of Fusarium wilt has been primarily done through the development of resistance cultivars (Saabale et. al. 2020) as a part of an integrated management approach. “It is the most effective   practical   and   economical   method   for management of Fusarium wilt of chickpea” (Nene and Haware 1980; Nene and Reddy 1987; Bakhsh et. al. 2007; Ahmad et. al. 2010 and Karimi et. al. 2012). “The use of the molecular markers closely linked to the wilt resistance gene can help in eradicating the need of providing artificial epiphytotic conditions and also help in saving time by screening a large number of germplasm lines in a very short period” (Pramanik et. al. 2019). “Different markers viz., RAPD, ISSR, SCAR SSR etc. were developed for screening of new resistance sources. Among them, the SSR markers are considered as closely genetically linked molecular markers which could facilitate marker marker-assisted characterization characterisation of chickpea genotypes for rapid evaluation for Fusarium wilt resistance” (Sahu et. al. 2020). 
2. Materials and methods
Experimental material 
	To understand the genetics and diversity based on the presence of resistant loci against Fusarium wilt, different chickpea varieties differing in their reaction to wilt caused by Fusarium oxysporum f.  sp. ciceri released from ICAR and Punjab Agriculture University, Ludhiana, were selected. A total of 14 chickpea varieties were screened out during the 2023-24 cropping season, including susceptible varieties. Chickpea varieties selected for research were procured from the Department of Plant Breeding and Genetics, Punjab Agriculture University, Ludhiana. The details of the varieties used in the present study have beenare mentioned in Table 1.
Table 1:  Description of chickpea varieties used for molecular characterization characterisation 
	Varieties
	Year of release
	Pedigree
	Features
	Reference 

	AADHAR (RSG 963)
	2005
	RSG 524 × PDG 84-10
	Desi variety for rainfed cultivation in NWPZ*.
	Srivastava et. al. 2017

	ANUBHAV (RSG 888)
	2003
	RSG 44 × E 100 Y
	Desi variety for rainfed cultivation in NWPZ*.
	Srivastava et. al. 2017

	C 235
	1975
	IP 58 × C1234
	Desi variety for rainfed cultivation in Punjab and Haryana.
	Srivastava et. al. 2017

	GLK 28127
	2013
	GLK 28016 × FLIP 88-34C 
	Desi variety for irrigated cultivation in NWPZ*.
	Srivastava et. al. 2021

	GNG 1958
	2013
	GNG 1365 × SAKI 9516
	Desi variety for irrigated cultivation in NWPZ*.
	Srivastava et. al. 2017

	GNG 1969
	2013
	IPCK 96-3 × GNG 1382 
	Desi variety for irrigated cultivation in NWPZ*.
	Project coordination’s report (2021-22)

	GPF 2
	1990/2010
	GL 769 × H 75-35
	Desi variety for irrigated cultivation in NWPZ*.
	Srivastava et. al. 2017

	PBG 5
	2012
	BG 257 × Narsinghpur bold
	Desi variety for both irrigated and rainfed cultivation in Punjab.
	Srivastava et. al. 2017

	PBG 7
	2014
	GPF2 × BG1084
	Desi variety for in irrigated areas of Punjab state.
	Singh et. al. 2015

	PBG 8
	2021
	GPF 2 × acc no. 185(cicer judaicum)
	Desi variety for both irrigated and rainfed areas. Tall, semi-erect variety. Matures in 158 days.
	Singh et. al. 2022

	PDG 3
	-
	-
	-
	-

	PDG 4
	-
	-
	-
	-

	L 550
	1977
	PB 7× Rabat
	Kabuli variety for irrigated conditions. Grown in whole country except southern states
	Project coordination’s report (2021-22)

	L 552
	2011
	GLK 95091 × PBG 68
	Kabuli variety for cultivation in irrigated areas of Punjab state except sub-mountainous regions.
	Sandhu et. al. 2012


* North West Plain Zone (North West Rajasthan, Punjab, Haryana, Western Uttar Pradesh, Uttarakhand, and Delhi).

PHENOTYPIC CHARACTERIZATION
[bookmark: _Hlk177548918]Wilt sick plot (Nene et. al. 1981)
Chickpea samples with distinct wilt symptoms were collected from Khalsa College, Amritsar, for pathogen isolation.  The diseased part of the Chickpea sample showing the distinct characteristic of wilt was collected from chickpea field of Khalsa College, Amritsar for isolation of the pathogen. The selected plants were first cleaned with tap water to get rid of soil particles and surface contaminants. Along with some healthy portions, the cleaned, contaminated areas were cut into little pieces using a sterile blade. The sliced pieces were completely rinsed three or four times with sterile water after being surface sterilised with a 0.1 percent NaOCl2 solution in a laminar flow. Sterilised blotting sheets were used to remove excess moisture.  To eliminate soil particles and surface contamination, the chosen plants were rinsed in tap water first. Using a sterile blade, the cleansed infected areas were sliced into little bits along with some good portions. The cut pieces were surface sterilized with 0.1 percent NaOCl2 solution within the laminar flow and thoroughly rinsed 3-4 times with sterilized water. Excess moisture was eliminated with the help of sterilized blotting papers. Sterilised needles were used to sterilise these sample pieces in Petri plates. The experiment's petri dishes were filled with PDA media after being previously sterilised. Previously, the medium was autoclaved for 20 minutes at 15 psi. Three to four pieces of sick plant sections were aseptically placed in Petri plates at comparable separations. A glass marking pencil was used to accurately mark the date of isolation on petri plates. For seven days, the Petri dishes were kept at 25°C in a B.O.D. incubator. Following incubation, the fungus's mycelial development was observed on the plates that surrounded the infected plant section. These sample pieces were sterilized in Petri plates using sterilized needles. Petri plates used in the experiment were previously sterilized and poured with PDA medium. The medium was previously autoclaved at 15 psi for 20 minutes. In Petri plates, three to four pieces of diseased plant parts were put at similar distances from each other in aseptic condition. The date of isolation was correctly marked on petri plates using a glass marking pencil. The Petri dishes were placed in a B.O.D. incubator for 7 days at 25°C. After incubation, the mycelial growth of the fungus was detected on these incubated plates surrounding infected plant portion.
The pure culture was prepared from this culture by hyphal tip isolation method. A bit from the mycelial growth of fungus was taken and placed in a Petri dish containing sterilized 25 ml solidified PDA media. After obtaining proper fungal growth, frequent sub-culturing was performed to ensure the absence of contamination, until pure was obtained. The obtained pure culture was stored in refrigerated at 6 to 8°C for future use in research. For identification of the pathogen the spores for the pure culture were taken from the pure culture was taken, slide was prepared and observed under the light microscope at 40X. 
The pathogenic fungi samples identified as Fusarium oxysporum f. sp. ciceri were used for mass multiplication. Wheat grains were used for the preparation of the inoculum. 100g of each sorghum seeds were was soaked in 500ml a 500 mL conical flask in tap water for 24 hours. After soaking excess water was drained out, and these soaked seed was sterilized sterilised twice at 121°C and 15 lb psi for one hour at the intervals of 24 hours. Clamping of the material in the flasks were was prevented by shaking thoroughly. The flasks were then inoculated with a pure culture of Fusarium oxysporum, incubated at 27±1°C for 20 days. The flasks were shaken at an interval of one day to avoid clumping. Grains were observed to be covered in black mycelium after three weeks. Inoculation was done by ploughing this the mass multiplied inoculum in the field 20 days prior to sowing.
The fields were thoroughly inspected following sowing in order to document the initial wilt disease infection in several germplasm plots. The incidence of chickpea wilt disease was tracked starting ten days after the onset of the illness's initial signs and continuing until the crop reached senescence.  To record the initial infection of wilt disease in different germplasm plots, the fields were examined properly after sowing. Incidence of wilt disease of chickpea was recorded at an interval of ten days after appearance of first disease symptoms and it was continued up to the senescence of crop. 
Disease Incidence (%) (Fatima et. al. 2022)
The necessity of repeated scoring to prevent missing "late-wilters" is highlighted by the varying patterns of disease progression among chickpea germplasm and the temporal variance in disease reaction to Fusarium wilt.  The different patterns of disease progression among chickpea germplasm and the temporal variation in disease reaction to Fusarium wilt emphasizes the need for repeated scoring in order to avoid missing ‘late-wilters’. The screening of chickpea germplasm for resistance to F. oxysporum f. sp. ciceri was scored by Per cent Disease Incidence. The per cent disease incidence was calculated on the basis of the initial plant count and the total number of wilted plants in each genotype. The genotypes were graded (Nene et. al. 1981) as follows:
Table 2: Reaction Per cent wilting (mortality)
	Resistant (R)
	0-10% mortality

	Moderately Resistant (MR) 
	10.1-20% mortality

	Moderately Susceptible (MS)
	20.1-30% mortality

	Susceptible (S)
	30.1-50% mortality

	Highly Susceptible (HS)
	50.1-100% mortality



MOLECULAR CHARACTERIZATION
DNA was extracted from a month month-old leaves leaf of the fourteen chickpea cultivar by following the modified Cetyltrimethylammonium Bromide (CTAB) method (Rogers and Bendich, 1985). Quantity and Quality of DNA were analysed using Agarose Gel electrophoresis and a spectrophotometer. The SSR markers TR 29 and TA 194 (Table 3), linked to wilt wilt-resistant loci, were obtained from Biologia Research India Pvt Ltd, Haryana. The PCR amplification for molecular marker analysis was performed under the following optimum conditions represented in Figures 1 and 2. 
[image: ]
Fig 1: Steps used for SSR marker (TR 29) in PCR amplification

[image: ]
Fig 2: Steps used for SSR marker (TA 194) in PCR amplification

After PCR completion, the products were stored at 4oC until the gel was cast. The PCR products, alongside the ladder DNA, were then run on 0.5% agarose gel with ethidium bromide 0.5 µg/ml at 110 V for 2 hrs.  After PCR completion, the products were stored at 4oC until the gel was cast. The PCR products, alongside the ladder DNA, were then run on 0.5% agarose gel with ethidium bromide 0.5 µg/ml at 110 V for 2 hrs. The amplified PCR products were finally visualized visualised under the UV transilluminator and analysed. The amplified products were scored for primers for their expected size. In case of TR 29, the existence of 220 bp will depict the presence of resistant loci in chickpea plants, ; however, in case of TA 194 presence of 204 bp will show the presence of the resistant loci. The presence of the resistant loci depicts resistance against Fusarium wilt in the plant whereas, the absence of the gene depicts susceptibility of the plant against the disease. 
Table 3: Sequences of SSR primers used for molecular characterization characterisation of chickpea varieties
	Primer 
	Sequence of forward primer
	Sequence of reverse primer
	Expected base pair
	Reference 

	TR-29
	GCCCACTGAAAAATAAAAAG
	ATTTGAACCTCAAGTTCTCG
	220
	Rani et. al. (2022) 

	TA-194
	TTTTTGGCTTATTAGACTGACTT
	TTGCCATAAAATACAAAATCC
	204
	Ahmad et. al. 2014




3. Results and discussion
PHENOTYPIC CHARACTERIZATION
Out of 14 varieties of chickpea tested against Fusarium wilt, data recorded during the seedling stage revealed that eight varieties i.e., AADHAR, ANUBHAV, C 235, GPF 2, PBG 5, PBG7, PBG 8 and PDG 4 were resistant, four varieties GLK 28127, GNG 1958, GNG 1969 and PDG 3 were moderately resistant, two varieties L 550 and L 552 were moderately susceptible, and none of the variety varieties were recorded as susceptible as highly susceptible. Data recorded during the flowering stage revealed that C 235, GPF 2, PBG 5, PBG 7 and PDG 4 were recorded as resistant, Aadhar, Anubhav, and PBG 8 were moderately resistant, GLK 28127, GNG 1958, GNG 1969, and PDG 3 were moderately susceptible, L552 was susceptible and L550 was highly susceptible. Highest disease incidence during seedling stage was recorded in L 550 (24.39%), followed by L 552 (21.78%), PDG 3 (12.56%), GNG 1969 (11.83%), GNG 1958 (11.06%), GLK 28127 (10.34%), ANUBHAV (7.04%), AADHAR (6.24%), PBG 8 (4.72%), PBG 5 (3.04%), C 235 (2.31%) and no disease incidence was recorded in GPF 2 and PBG 7. During flowering stage highest disease incidence was recorded in in L 550 (71.65 %), followed by L 552 (47.38%), PDG 3 (26.02%), GNG 1969 (24.93%), GNG 1958 (22.51%), GLK 28127 (21.78%), ANUBHAV (15.68%), AADHAR (14.74%), PBG 8 (12.82%), PBG 5 (4.71%), C 235 (3.42%) and lowest disease incidence was recorded in PBG 7 (2.38%) and GPF 2 (2.08%).
Table 4: Phenotypic characterization characterisation of chickpea varieties against Fusarium oxysporum f. sp. ciceri.
	S.NO
	VARIETIES
	Mean DI
(seedling stage)
	Host Reaction
	Mean DI
(flowering stage)
	Host Reaction 

	1
	AADHAR
	6.24
	R
	14.74
	MR

	2
	ANUBHAV
	7.04
	R
	15.68
	MR

	3
	C 235
	2.31
	R
	3.42
	R

	4
	GLK 28127
	10.34
	MR
	21.78
	MS

	5
	GNG 1958
	11.06
	MR
	22.51
	MS

	6
	GNG 1969
	11.83
	MR
	24.93
	MS

	7
	GPF 2
	0
	R
	2.08
	R

	8
	PBG 5
	3.04
	R
	4.71
	R

	9
	PBG 7
	0
	R
	2.38
	R

	10
	PBG 8
	4.72
	R
	12.82
	MR

	11
	PDG 3
	12.56
	MR
	26.02
	MS

	12
	PDG 4
	2.68
	R
	2.98
	R

	13
	L 550
	24.39
	MS
	71.65
	HS

	14
	L 552
	21.78 
	MS
	47.38
	S

	
	C.D.
	0.69
	
	0.23
	

	
	SE(m)
	0.23
	
	0.081
	

	
	C.V.
	4.86
	
	0.71
	


DI-(Disease Incidence), R-(Resistant), MR-(Moderately Resistant), MS-(Moderately Susceptible), S-(susceptible) and HS-(Highly Susceptible).

Fig 3: Phenotypic characterization of chickpea varieties against Fusarium oxysporum f. sp. ciceri
MOLECULAR CHARACTERIZATION
Identification and characterization characterisation of various variety varieties of chickpea is difficult by morphological traits; however, molecular markers play an important role in the assessment of a variety. Molecular markers, including AFLP, RAPD, SSR, ISSR and RFLP are commonly used for identification of resistance against Fusarium wilt. In the present study, the marker closely linked to wilt wilt-resistant loci had beenwas utilized utilised for the characterization characterisation of fourteen diverse chickpea varieties. The screening was done by using two SSR markers, TR 29 and TA 194. Both the markers detected the resistance and generated alleles of size 220 (TR 29) and 204 (TA 194). The presence of resistant loci was indicated by 1, and its their absence was depicted by 0. 
The marker studies revealed that using marker TR 29, eight varieties viz; Anubhav, C 235, GNG 1969, GPF 2, PBG 5, PBG 7, PBG 8 and PDG 4 have shown the amplification at 220 bp, which depicted that these show resistance to Fusarium oxysporum f. sp. ciceri, whereas, specific band was absent in six varieties viz; Aadhar, GLK 28127, GNG 1958, PDG 3, L 550 and L552 were found as susceptible. 
By using marker TA 194, seven varieties viz; Aadhar, C 235, GPF 2, PBG 5, PBG 7, PBG 8 and PDG 4 shows the amplification of allele at 204 bp and indicated the presence of the resistant loci against Fusarium oxysporum f. sp. ciceri, whereas, specific band was absent in seven varieties viz; Anubhav, GLK 28127, GNG 1958, GNG 1969, PDG 3, L 550 and L 552 were found as susceptible.
Table 5: Molecular characterisation of chickpea cultivars against Fusarium oxysporum f. sp. ciceri using SSR markers (TR 29 and TA 194)
	S.NO
	VARIETIES
	TR 29 (220 bp)
	TA 194 (204 bp)

	1
	AADHAR
	0
	1

	2
	ANUBHAV
	1
	0

	3
	C 235
	1
	1

	4
	GLK 28127
	0
	0

	5
	GNG 1958
	0
	0

	6
	GNG 1969
	1
	0

	7
	GPF 2
	1
	1

	8
	PBG 5
	1
	1

	9
	PBG 7
	1
	1

	10
	PBG 8
	1
	1

	11
	PDG 3
	0
	0

	12
	PDG 4
	1
	1

	13
	L 550
	0
	0

	14
	L 552
	0
	0


1 shows the presence of resistant loci and 0 shows its absence
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Fig 4: Gel electrophoresis showing amplification by using SSR marker TR 29 (220 bp)
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Fig 5: Gel electrophoresis showing amplification by using SSR marker TA 194 (204 bp)

4. Summary and conclusion
[bookmark: _GoBack]Fusarium wilt is one of the most important biotic constraints of chickpea, affecting the crop both at the seedling and flowering stages, leading to high losses. In the Phenotypic characterization characterisation done research field of P.G. Department of Agriculture, Khalsa College, Amritsar. Eight varieties i.e., Aadhar, Anubhav, C 235, GPF 2, PBG 5, PBG7, PBG 8 and PDG 4 were resistant, four varieties GLK 28127, GNG 1958, GNG 1969 and PDG 3 were moderately resistant, two varieties L 550 and L 552 were moderately susceptible and none of the variety were recorded as susceptible as highly susceptible during seedling stage whereas that C 235, GPF 2, PBG 5, PBG 7 and PDG 4 were recorded as resistant, Aadhar, Anubhav, and PBG 8 were moderately resistant, GLK 28127, GNG 1958, GNG 1969, and PDG 3 were moderately susceptible, L552 was susceptible and L550 was highly susceptible during flowering stage. In molecular screening using SSR marker TR 29  eight varieties viz; Anubhav, C 235, GNG 1969, GPF 2, PBG 5, PBG 7, PBG 8 and PDG 4 have shown the amplification at 220 bp which depicted that these show resistance to Fusarium oxysporum f. sp. ciceri, whereas six varieties viz;  Aadhar GLK 28127, GNG 1958, PDG 3, L 550 and L552 were found susceptible and by using marker TA 194 seven varieties viz; Aadhar, C 235, GPF 2, PBG 5, PBG 7, PBG 8 and PDG 4 shows the amplification of allele at 204 bp and indicated the presence of the resistant loci against Fusarium oxysporum f. sp. ciceri, whereas seven varieties viz; Anubhav, GLK 28127, GNG 1958, GNG 1969, PDG 3, L 550 and L 552 were found susceptible. 
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