



Evaluation of pigeonpea genotypes for resistance to wilt disease caused by Fusarium udum Butler
ABSTRACT:

A total of 125 advanced breeding lines of pigeonpea were evaluated for resistance against Fusarium wilt caused by Fusarium udum Butler under natural epiphytotic conditions in Uniform Fusarium wilt sick plot at Agricultural Research Station, PJTAU, Tandur. The experiment was laid out in augmented randomized block design during kharif 2023–24 by adopting a standard screening method by including resistant and susceptible checks at regular intervals along with test entries to ensure uniform disease pressure. Wilt incidence was recorded periodically from 60 to 180 days after sowing, and percent disease incidence (PDI) was computed for each entry. Based on the disease reaction scale, it was observed the existence of considerable variation among the genotypes for wilt incidence. Out of 125 genotypes screened for wilt incidence, 21 genotypes were categorized as resistant (0–10%), 46 identified as moderately resistant (10.1–30%), while the remaining 58 genotypes exhibited susceptible reaction with more than 30% wilt incidence. The resistant check ICPL 87119 consistently expressed zero wilt incidence, whereas the susceptible check ICPL 2376 showed severe disease expression which confirms the reliability of wilt sick plot. The identified resistant genotypes represent valuable sources of Fusarium wilt resistance and could be effectively utilized in future pigeonpea breeding programmes aimed at developing high-yielding wilt-resistant cultivars.
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INTRODUCTION:
Pigeonpea [Cajanus cajan (L.) Millsp.] is an important grain legume widely cultivated in semi-arid tropics of the world, where it serves as a major source of protein for resource-poor populations (Nene and Sheila, 1990). In India, it is cultivated in an area of 5.05 mha with production and productivity of 4.34 mt and 859 kg/ha, respectively (DES, MoA&FW, 2022–23). 
Although pigeonpea possesses considerable yield potential, its productivity has remained low and inconsistent over the years. This shortfall is primarily attributed to several abiotic and biotic stresses. Among the biotic constraints, Fusarium wilt caused by Fusarium udum Butler is one of the most devastating diseases affecting pigeonpea cultivation across all major growing regions (Jain and Reddy, 1995; Gwata et al., 2006). The widespread occurrence and persistent nature of the pathogen make Fusarium wilt a major yield-limiting factor in pigeonpea production systems.

The disease can appear at various stages of crop growth, ranging from early seedling stage to maturity. However, the most severe yield losses are observed when infection occurs during flowering and podding stages, often leading to complete crop failure. Infections at later growth stages such as maturity and pre-harvest have also been reported to cause substantial yield reductions. Additionally, Fusarium wilt incidence is more pronounced in ratoon and perennial pigeonpea crops, where disease pressure tends to increase over time (Reddy et al., 1993). In Indian subcontinent, yield losses due to Fusarium wilt range from 16 to 47 per cent, depending on cultivar susceptibility and environmental conditions (Prasad et al., 2003). Moreover, the incidence of the disease is believed to have increased significantly over the years, largely due to the continuous cultivation of wilt-susceptible traditional varieties (Gwata et al., 2006).

The causal organism Fusarium udum is both soil-borne and seed-borne, which complicates its management. The pathogen survives in the soil as chlamydospores in infected plant debris and can remain viable for up to six years even in the absence of a host plant (Haware et al., 1996). Owing to its soil-borne nature and long survival ability, chemical control measures are neither economical nor effective in managing Fusarium wilt. As a result, eradication of the pathogen from infested fields is challenging.

Among the various management strategies available, the use of host plant resistance is considered as most effective, economical, and environmentally sustainable approach for controlling Fusarium wilt in pigeonpea. Identification and deployment of resistant cultivars can significantly reduce yield losses and helps stabilize pigeonpea production. Therefore, the present study was undertaken to screen a diverse set of pigeonpea genotypes for their reaction to Fusarium wilt with an objective to identify potential wilt resistant donors for use in crop improvement programmes and integrated disease management strategies.

MATERIAL AND METHODS:
Experimental material and site
The experimental material for the present study consists of 125 advanced pigeonpea breeding lines developed at the Agricultural Research Station, Tandur, along with a resistant check (ICPL-87119) and a susceptible check (ICPL 2376), which were used to assess their reaction to Fusarium wilt. The experiment was conducted at Agricultural Research Station, PJTAU, Tandur, in a field identified as a wilt sick plot with a known history of severe Fusarium wilt incidence. A threshold level of the wilt pathogen Fusarium udum was maintained by incorporating chopped wilted pigeonpea plants in the sick plot every year. 
Experimental design and layout

The trial was laid out as per the augmented randomized block design (ARBD) during kharif, 2023-24. The genotypes were sown in a single-row of 4 m length, maintaining a spacing of 100 cm between rows and 20 cm between plants within a row. To monitor disease pressure and ensure uniformity of wilt incidence across the experimental area, a susceptible check (ICPL 2376) and a resistant check (ICPL 87119) were included after every five test entries. Recommended agronomic and crop management practices were adopted uniformly for all entries to facilitate normal crop growth.

Disease observation and assessment

Recording of observations on Fusarium wilt incidence were initiated at 60 days after sowing (DAS) and subsequently recorded at 30-day intervals up to 180 DAS. Plants exhibiting typical symptoms such as sudden drooping, yellowing, vascular discoloration, and eventual plant death were considered as wilt-affected, whereas symptomless plants were regarded as resistant.

Wilt incidence was calculated as Per cent Disease Incidence (PDI) using the following formula as described by Mayee and Datar (1986).
PDI (%) = (Number of wilted plants / Total number of plants) × 100

Disease reaction of each genotype was determined based on cumulative wilt incidence recorded over the crop growth period.

Disease reaction scale

To categorize the pigeonpea genotypes for their response to Fusarium wilt under sick plot, the AICRP wilt disease rating scale was adopted. Based on per cent wilt incidence, the genotypes were classified as resistant (0-10%), moderately resistant (10.1 to 30.0%) and susceptible (>30.0 %).

Statistical analysis

The per cent Fusarium wilt incidence data were analyzed using an augmented block design, as the test genotypes were unreplicated and resistant and susceptible checks were repeated after every five genotypes. Per cent data were subjected to angular (arcsine √p) transformation prior to analysis, and genotypes were compared based on adjusted mean values derived using check-based error estimation.

RESULTS AND DISCUSSION:
A field experiment was conducted to assess the wilt incidence of pigeonpea genotypes against the pathogen Fusarium udum under wilt sick plot during kharif 2023-24. In the present study, 125 pigeonpea advanced breeding lines were evaluated along with resistant and susceptible checks. These genotypes exhibited substantial variation in wilt incidence, which ranged from 0.00 to 60.00 per cent, indicating the presence of wide genetic diversity for resistance to Fusarium udum (Table 1). The resistant check ICPL 87119 consistently recorded zero wilt incidence, whereas the susceptible check ICPL 2376 exhibited the highest disease incidence, confirming the uniformity and severity of disease pressure in the experimental field. 
Analysis of variance revealed non-significant effects for blocks when treatments were ignored and similarly for treatments when blocks were eliminated, indicating uniform experimental conditions i.e., uniformity in wilt sick plot (Table-2). Treatment effects were non-significant, suggesting limited variability among the advanced breeding lines. Block-adjusted analysis showed equality of block and error mean squares, confirming negligible block influence after adjustment. The replicated checks and the contrast between checks and genotypes (C vs V) were highly significant, validating the use of checks for error estimation and adjustment of varietal means. The mean sum of squares for checks was the same under both cases of heterogeneity elimination (adjustment) and non-adjustment for wit incidence. Adjusted mean wilt incidence varied widely among entries, allowing for classification into resistant, moderately resistant, and susceptible categories. Several entries with low adjusted wilt incidence were identified as promising sources of Fusarium wilt resistance, and the critical difference values allowed reliable discrimination between test entries and checks (Table 2).

Based on per cent disease incidence, the genotypes were classified into three reaction categories by following the AICRP wilt disease rating scale (Table-3). Out of 125 genotypes screened for wilt incidence, 21 were identified as resistant (0–10%), 46 as moderately resistant (10.1–30 %) and 58 were found to be susceptible (>30%). The relatively higher proportion of susceptible entries underscores the persistent threat posed by Fusarium wilt and highlights the necessity for continuous identification of resistant sources. The genotypes recognized as resistant must be evaluated in multilocation testing for further validation of resistance for future use in cultivar development programmes to develop high-yielding genotypes coupled with resistance to wilt.
The findings of the present study are in strong agreement with earlier reports on Fusarium wilt resistance in pigeonpea. Jaggal et al. (2014) reported that 39 accessions exhibited resistance to Fusarium wilt under sick plot conditions, highlighting the importance of screening diverse germplasm collections. Pawar et al. (2015) identified ICP 7088 and ICP 8863 as resistant sources, which later contributed significantly to breeding programmes. Reddy et al. (2022) reported 21 genotypes as resistant out of 172 genotypes screened
Subash et al. (2019) reported that twelve pigeonpea germplasm lines exhibiting resistance to Fusarium wilt, confirming the availability of resistance across different genetic backgrounds. The consistency of resistant reactions across studies suggests that host resistance remains the most dependable strategy for managing Fusarium wilt. 
Historical evidence further supports the effectiveness of resistant cultivars in disease management. In Malawi, Fusarium wilt incidence was reported to be as high as 36.3 per cent during 1980; however, with the introduction of resistant cultivar ICP 9145 resulted in a drastic reduction of wilt incidence to about 4 per cent by 1991 (Babu et al., 1992; Reddy et al., 1993; Saka et al., 1995). Similarly, the release of wilt-resistant variety ICP 8863 (Maruthi) in the late 1980s led to a substantial decline in disease incidence in Karnataka, where it was widely adopted by farmers (Subramanyam et al., 1992).

Participatory demonstrations conducted by Shivalingappa et al. (2021) further established the practical value of resistant varieties. Their study revealed significantly lower wilt incidence in GRG 811 compared to susceptible variety BDN 711 under farmer’s field, reinforcing the importance of deploying resistant cultivars for sustainable disease management.

The resistant genotypes identified in the present study represent valuable genetic resources for pigeonpea improvement programmes. Out of 21 genotypes identified as resistant, the lines viz., TDRG-2032, TDRG-2090, TDRG-2140, TDRG-2144, TDRG-2151, TDRG-2005, TDRG-2012, TDRG-2019, TDRG-2026, TDRG-2052, TDRG-2056, TDRG-2275, TDRG-2243, TDRG-2262, TDRG-2375, TDRG-2291, TDRG-2232 and TDRG-2234 were found to be most promising as they exhibited no wilt symptoms. Hence, utilization of these lines as donor parents in breeding programmes could facilitate the development of high-yielding, wilt-resistant cultivars and contribute to sustainable management of Fusarium wilt in pigeonpea-growing regions.
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Table 1: Reaction of pigeonpea genotypes against Fusarium wilt disease in sick plot at ARS, Tandur during Kharif 2023-24

	S. No.
	Entry / Genotype
	Wilt incidence (%) 
	Wilt reaction
	S. No.
	Entry / Genotype
	Wilt incidence (%) 
	Wilt reaction

	1
	ICPL 87119 (RC)
	0.00 (0.00)
	R
	65
	TDRG-2018
	16.67 (24.09)
	MR

	2
	ICPL 2376 (SC)
	86.00 (68.96)
	S
	66
	TDRG-2019
	0.00 (0.00)
	R

	3
	TDRG-2041
	11.11 (19.47)
	MR
	67
	TDRG-2020
	32.00 (34.45)
	S

	4
	TDRG-2042
	47.06 (43.31)
	S
	68
	TDRG-2021
	25.00 (30.00)
	MR

	5
	TDRG-2031
	16.67 (25.45)
	MR
	69
	TDRG-2026
	0.00 (0.00)
	R

	6
	TDRG-2032
	0.00 (0.00)
	R
	70
	TDRG-2027
	46.67 (46.88)
	S

	7
	TDRG-2027
	15.38 (22.79)
	MR
	71
	TDRG-2332
	32.00 (34.55)
	S

	8
	TDRG-2043
	36.36 (37.06)
	S
	72
	TDRG-2035
	11.76 (17.93)
	MR

	9
	TDRG-2051
	13.64 (21.18)
	MR
	73
	TDRG-2036
	14.29 (22.27)
	MR

	10
	TDRG-2053
	32.00 (34.45)
	S
	74
	TDRG-2037
	38.46 (39.23)
	S

	11
	TDRG-2056
	33.33 (35.26)
	S
	75
	TDRG-2043
	14.81 (21.83)
	MR

	12
	TDRG-2067
	14.29 (20.02)
	MR
	76
	TDRG-2047
	33.33 (35.26)
	S

	13
	TDRG-2090
	0.00 (0.00)
	R
	77
	TDRG-2051
	32.00 (34.45)
	S

	14
	TDRG-2091
	16.67 (25.63)
	MR
	78
	TDRG-2052
	0.00 (0.00)
	R

	15
	TDRG-2092
	37.50 (38.60)
	S
	79
	TDRG-2053
	33.33 (33.21)
	S

	16
	TDRG-2093
	15.38 (23.33)
	MR
	80
	TDRG-2056
	0.00 (0.00)
	R

	17
	TDRG-2095
	20.00 (28.06)
	MR
	81
	TDRG-2067
	25.00 (32.26)
	MR

	18
	TDRG-2097
	15.38 (23.03)
	MR
	82
	TDRG-2068
	40.74 (39.99)
	S

	19
	TDRG-2098
	38.46 (39.23)
	S
	83
	TDRG-2070
	36.36 (37.37)
	S

	20
	TDRG-2099
	13.64 (21.18)
	MR
	84
	TDRG-2072
	45.00 (45.00)
	S

	21
	TDRG-2102
	27.27 (31.79)
	MR
	85
	TDRG-2073
	24.00 (31.09)
	MR

	22
	TDRG-2108
	7.69 (13.26)
	R
	86
	TDRG-2096
	18.18 (26.57)
	MR

	23
	TDRG-2118
	15.38 (23.33)
	MR
	87
	TDRG-2099
	15.38 (23.33)
	MR

	24
	TDRG-2128
	46.15 (43.62)
	S
	88
	TDRG-2174
	13.64 (21.47)
	MR

	25
	TDRG-2131
	14.81 (20.70)
	MR
	89
	TDRG-2275
	0.00 (0.00)
	R

	26
	TDRG-2132
	11.11 (19.47)
	MR
	90
	TDRG-2230
	18.18 (26.57)
	MR

	27
	TDRG-2238
	16.67 (25.20)
	MR
	91
	TDRG-2234
	43.48 (43.57)
	S

	28
	TDRG-2141
	20.00 (28.06)
	MR
	92
	TDRG-2237
	37.50 (38.30)
	S

	29
	TDRG-2139
	25.00 (32.26)
	MR
	93
	TDRG-2238
	47.83 (47.52)
	S

	30
	TDRG-2140
	0.00 (0.00)
	R
	94
	TDRG-2239
	45.00 (45.00)
	S

	31
	TDRG-2376
	60.00 (51.32)
	S
	95
	TDRG-2240
	41.38 (42.31)
	S

	32
	TDRG-2143
	10.00 (17.20)
	R
	96
	TDRG-2243
	0.00 (0.00)
	R

	33
	TDRG-2144
	0.00 (0.00)
	R
	97
	TDRG-2244
	27.27 (31.79)
	MR

	34
	TDRG-2145
	25.00 (31.69)
	MR
	98
	TDRG-2245
	30.00 (33.38)
	MR

	35
	TDRG-2146
	16.67 (24.09)
	MR
	99
	TDRG-2246
	36.36 (37.76)
	S

	36
	TDRG-2148
	16.67 (24.09)
	MR
	100
	TDRG-2247
	7.14 (14.02)
	R

	37
	TDRG-2149
	25.00 (32.26)
	MR
	101
	TDRG-2248
	50.00 (49.80)
	S

	38
	TDRG-2151
	0.00 (0.00)
	R
	102
	TDRG-2256
	33.33 (36.27)
	S

	39
	TDRG-2172
	25.00 (31.69)
	MR
	103
	TDRG-2259
	45.00 (45.00)
	S

	40
	TDRG-2155
	30.00 (34.09)
	MR
	104
	TDRG-2260
	32.00 (34.45)
	S

	41
	TDRG-2158
	55.56 (56.54)
	S
	105
	TDRG-2261
	52.00 (50.77)
	S

	42
	TDRG-2162
	13.64 (21.18)
	MR
	106
	TDRG-2262
	0.00 (0.00)
	R

	43
	TDRG-2163
	37.50 (38.30)
	S
	107
	TDRG-2264
	33.33 (35.26)
	S

	44
	TDRG-2164
	11.11 (18.43)
	MR
	108
	TDRG-2265
	48.00 (49.11)
	S

	45
	TDRG-2165
	36.36 (37.86)
	S
	109
	TDRG-2267
	53.85 (52.98)
	S

	46
	TDRG-2166
	18.18 (26.57)
	MR
	110
	TDRG-2269
	33.33 (35.26)
	S

	47
	TDRG-2167
	20.00 (30.00)
	MR
	111
	TDRG-2274
	40.00 (40.89)
	S

	48
	TDRG-2168
	40.00 (39.76)
	S
	112
	TDRG-2375
	0.00 (0.00)
	R

	49
	TDRG-2169
	23.53 (31.34)
	MR
	113
	TDRG-2277
	52.00 (50.77)
	S

	50
	TDRG-2170
	40.74 (40.16)
	S
	114
	TDRG-2291
	0.00 (0.00)
	R

	51
	TDRG-2173
	42.86 (41.81)
	S
	115
	TDRG-2292
	35.71 (36.74)
	S

	52
	TDRG-2174
	32.00 (34.45)
	S
	116
	TDRG-2293
	54.55 (54.74)
	S

	53
	TDRG-2175
	16.67 (26.57)
	MR
	117
	TDRG-2296
	45.00 (45.00)
	S

	54
	TDRG-2176
	33.33 (36.02)
	S
	118
	TDRG-2299
	33.33 (33.21)
	S

	55
	TDRG-2177
	52.63 (52.62)
	S
	119
	TDRG-2231
	14.81 (21.83)
	MR

	56
	TDRG-2178
	13.64 (21.18)
	MR
	120
	TDRG-2232
	0.00 (0.00)
	R

	57
	TDRG-2180
	30.77 (33.73)
	S
	121
	TDRG-2234
	0.00 (0.00)
	R

	58
	TDRG-2181
	33.33 (35.26)
	S
	122
	TDRG-2062
	39.23 (39.23)
	S

	59
	TDRG-2192
	32.14 (34.58)
	S
	123
	TDRG-2067
	24.00 (31.57)
	MR

	60
	TDRG-2199
	33.33 (35.26)
	S
	124
	TDRG-2214
	33.33 (36.27)
	S

	61
	TDRG-2002
	23.08 (28.97)
	MR
	125
	TDRG-2213
	38.46 (39.23)
	S

	62
	TDRG-2005
	0.00 (0.00)
	R
	126
	TDRG-2212
	32.00 (34.45)
	S

	63
	TDRG-2012
	0.00 (0.00)
	R
	127
	TDRG-2210
	33.33 (35.26)
	S

	64
	TDRG-2014
	37.04 (38.74)
	S
	 
	 
	 
	 


*Figures in Parentheses are angular transformed values
RC- Resistant Check,           SC- Susceptible Check
Table 2. Analysis of variance for Fusarium wilt incidence (%) in pigeonpea 
	Source of variation
	df
	Sum of squares
	Mean squares
	F value

	Blocks (ignoring treatments)
	4
	32.174
	8.044
	0.074 NS

	Treatments (eliminating blocks)
	126
	30710.65
	243.735
	2.245 NS

	Checks
	1
	15737.09
	15737.09
	144.924 **

	Varieties + checks vs varieties
	125
	14973.56
	119.788
	1.103 NS

	Error (from checks)
	4
	434.354
	108.589
	

	Total
	134
	31177.18
	
	


Table 2a. Block-adjusted analysis of variance for Fusarium wilt incidence in pigeonpea

	Source of variation
	df
	Sum of squares
	Mean squares
	F value

	Blocks (eliminating treatments)
	4
	434.356
	108.589
	1.000 NS

	Treatments (ignoring blocks)
	126
	30308.47
	240.543
	2.215 NS

	Checks
	1
	15737.09
	15737.09
	144.924 **

	Varieties
	124
	0
	0
	1.000 NS

	Checks vs varieties (C vs V)
	1
	14571.38
	14571.38
	134.189 **

	Error
	4
	434.354
	108.589
	

	Total
	134
	31177.18
	
	


**= Significance at P = 0.01 probability levels
Table 3: Reaction of pigeonpea genotypes against Fusarium wilt in sick plot at ARS, Tandur during Kharif 2023-24

	Disease scale
	Particulars
	Reaction
	Details of Genotypes 
	No. of genotypes

	1
	0–10% plants wilted
	R (Resistant)
	TDRG-2032, TDRG-2090, TDRG-2108, TDRG-2140, TDRG-2143, TDRG-2144, TDRG-2151, TDRG-2005, TDRG-2012, TDRG-2019, TDRG-2026, TDRG-2052, TDRG-2056, TDRG-2275, TDRG-2243, TDRG-2247, TDRG-2262, TDRG-2375, TDRG-2291, TDRG-2232, TDRG-2234 + ICPL 87119 (RC)
	21

	2
	10.1–30% plants wilted
	MR (Moderately Resistant)
	TDRG-2041, TDRG-2031, TDRG-2027, TDRG-2051, TDRG-2067, TDRG-2091, TDRG-2093, TDRG-2095, TDRG-2097, TDRG-2099, TDRG-2102, TDRG-2118, TDRG-2131, TDRG-2132, TDRG-2238, TDRG-2141, TDRG-2139, TDRG-2145, TDRG-2146, TDRG-2148, TDRG-2149, TDRG-2172, TDRG-2155, TDRG-2162, TDRG-2164, TDRG-2166, TDRG-2167, TDRG-2169, TDRG-2175, TDRG-2178, TDRG-2002, TDRG-2018, TDRG-2021,  TDRG-2035, TDRG-2036, TDRG-2043

TDRG-2067, TDRG-2073, TDRG-2096, TDRG-2099, TDRG-2174, TDRG-2230, TDRG-2244, TDRG-2231, TDRG-2145, TDRG-2067
	46

	3
	>30% plants wilted
	S (Susceptible)
	TDRG-2042, TDRG-2043, TDRG-2053, TDRG-2056, TDRG-2092, TDRG-2098, TDRG-2128, TDRG-2376, TDRG-2158, TDRG-2163, TDRG-2165, TDRG-2168, TDRG-2170, TDRG-2173, TDRG-2174, TDRG-2176, TDRG-2177, TDRG-2180, TDRG-2181, TDRG-2192, TDRG-2199, TDRG-2014, TDRG-2020, TDRG-2027, TDRG-2332, TDRG-2037, TDRG-2047, TDRG-2051, TDRG-2053, TDRG-2068, TDRG-2070, TDRG-2072, TDRG-2234, TDRG-2237, TDRG-2238, TDRG-2239, TDRG-2240, TDRG-2246, TDRG-2248, TDRG-2256, TDRG-2259, TDRG-2260, TDRG-2261, TDRG-2264, TDRG-2265, TDRG-2267, TDRG-2269, TDRG-2274, TDRG-2277, TDRG-2292, TDRG-2293, TDRG-2296, TDRG-2299, TDRG-2062, TDRG-2214, TDRG-2213, TDRG-2212, TDRG-2210 + ICPL 2376 (SC)
	58

	 
	Total
	 
	 
	125


RC- Resistant Check,           SC- Susceptible Check

