


Comparative field analysis of wheat genotypes differing in Fusarium head blight resistance



ABSTRACT
In the present study, 158 wheat genotypes were evaluated at the Research Farm of Bihar Agricultural University, Sabour, Bihar, during the rabi seasons 2022-23 for their response to fusarium head blight under artificially inoculated field conditions. The experiment was conducted using a macroconidial suspension of Fusarium graminearum (1 × 10⁵ conidia ml⁻¹) applied twice at a 24-h interval at the mid-anthesis stage using a knapsack sprayer. Disease severity was assessed as percent spikelet infection at 7, 14, and 21 days after inoculation, and disease progress was quantified using the area under the disease progress curve (AUDPC) and relative AUDPC (rAUDPC). Substantial variation in fusarium head blight response was observed among genotypes. None of the entries exhibited immune or resistant reactions. Based on AUDPC values, 12 genotypes were classified as moderately resistant (AUDPC 101–200), while the majority were moderately susceptible (56 genotypes) or susceptible (87 genotypes). Three genotypes i.e., Sonalika, Raj 4015, and HPW 487 were identified as highly susceptible, showing severe disease development. rAUDPC analysis identified only a few genotypes with slow disease progression, indicating partial resistance. Disease score–based categorization corroborated AUDPC findings. Overall, the study highlights limited resistance to fusarium head blight in the evaluated germplasm and underscores the need for intensified resistance breeding in wheat.
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Introduction	Comment by José Oliveira Dantas: I suggest a paragraph to discuss plant resistance.
Wheat (Triticum aestivum L.) is one of the most widely cultivated cereal crops worldwide, serving as a staple food for more than half of the global population. According to the USDA, wheat is grown over 222.88 million hectares globally, producing 788.95 million tonnes, with an average productivity of 35.4 quintals per hectare. In India, wheat is a major food crop, with Bihar playing a significant role in the eastern plains. Over the past three years, the area under wheat in Bihar has remained around 2.2 million hectares, but enhanced productivity has increased average yields from 27.8 quintals per hectare in 2021–22 to 32.08 quintals per hectare in 2023–24 (IIWBR, 2024). Despite contributing 6.34% of India’s wheat production from 7.14% of the national wheat area, productivity gaps persist, largely due to agronomic constraints such as delayed sowing caused by late rice harvest in rice–wheat rotations.
Global wheat demand is projected to rise to approximately 840 million tonnes by 2050 (FAO, 2021). In India, wheat production is expected to reach 136 million tonnes by 2030, driven by yield improvements of 0.7 tonnes per hectare and a modest expansion of cultivated area (Kingsly et al., 2023). However, rising climate variability, including higher temperatures, prolonged humidity, and erratic rainfall, intensifies disease pressures, posing serious challenges to yield stability and grain quality.
Fusarium head blight (FHB), caused primarily by Fusarium graminearum Schwabe, is among the most destructive fungal diseases of wheat globally (Sutton, 1982; Bai & Shaner, 1994; Mengesha et al., 2022). Epidemics are favored when heading and anthesis coincide with warm, humid conditions, enabling the pathogen to infect spikelets directly and rapidly colonize the rachis (Bushnell et al., 2003; Anderson, 2007). FHB causes severe yield losses, reduces grain and flour quality, and contaminates grains with mycotoxins that threaten human and livestock health (Dexter et al., 1996; Qiu et al., 2016; Lori & Rizzo, 2007). Historically, FHB was first reported in England in 1884 and has since affected wheat-growing regions across North America, Europe, Asia, Australia, and South America, with F. graminearum and F. culmorum recognized as the most aggressive and economically significant species (Schlüter et al., 2006).
In India, epidemic levels of FHB were first recorded in Punjab during 1989–90 in the cultivar HD 2329 (Chahal et al., 1993). Subsequent outbreaks were observed in 2005 in cultivars PBW 343 and PDW 274 in Gurdaspur district, Punjab (Bagga & Saharan, 2005; Saharan et al., 2007). Pathogen isolation studies confirmed F. graminearum as the predominant species across diverse agro-climatic regions, including Punjab, Himachal Pradesh, and Tamil Nadu, highlighting its epidemiological significance and potential threat under changing climatic scenarios.
Materials and Methods 
A total of 158 wheat genotypes including two check comprising entries from the Leaf Blight Screening Nursery (LBSN), seeds generated during the 2021-22 cropping season, were evaluated for resistance to Fusarium head blight (FHB) at the Research Farm of Bihar Agricultural University (BAU), Sabour, Bihar, India, during the rabi season of 2022–23. The experiment was conducted using an augmented block design, and all recommended agronomic practices were applied uniformly across genotypes. Each entry was sown in a single row of 1.0 m length, maintaining a row-to-row spacing of 20 cm. To ensure uniform disease pressure across the experimental field, susceptible check varieties Sonalika and Raj 4015 were planted at regular intervals after every 20 test entries.
Artificial inoculation with Fusarium graminearum
To ensure uniform and adequate disease pressure, a macroconidial suspension of Fusarium graminearum was prepared at a concentration of 1 × 10⁵ conidia ml⁻¹. Pre-inoculation irrigation was applied to the experimental plots to create a conducive microclimate for infection. Artificial inoculation was conducted at the mid-anthesis stage using a knapsack sprayer, with the suspension applied twice at a 24-h interval uniformly onto wheat spikes during evening hours to promote prolonged leaf wetness and facilitate infection. Owing to variation in phenological development among genotypes, inoculations were performed separately for each genotype at its respective mid-anthesis stage.
Assessment of Fusarium head blight
Disease observations were recorded when typical FHB symptoms appeared on spikes, ranging from light brown, water-soaked lesions on glumes to complete bleaching of spikelets. For calculation of spikelet infection percent, five spikes per genotype were randomly tagged, and pikelet infection percent, was recorded at 7, 14, and 21 days after inoculation (DAI). spikelet infection percent data were used to calculate the Area Under Disease Progress Curve (AUDPC) following the trapezoidal method described by Shaner and Finney (1977) and CIMMYT (1988):
[AUDPC = n ∑ i=1 (Yi=1 + Yi) 2 (Ti=1 − Ti)]
where,
 	Yi = disease scored on first date,
 	Ti = date on which the disease was scored,
 n = number of dates on which disease was scored.
For categorization of genotypes based on disease response, Fusarium head blight severity was scored using a 0–5 rating scale (Ireta and Gilchrist, 1994), where 0 (0 % indicated no visible symptoms), 1 (≤10% spikelets infected), 2 (11–25% infection), 3 (26–50% infection), 4 (51–75% infection), and 5 (>75% spikelets infected). Genotypes were further categorized based on their Area Under Disease Progress Curve (AUDPC) values to identify levels of resistance and disease progression. Accordingly, entries were classified as immune (0), Resistant (1–100), Moderately Resistant (101–200), Moderately Susceptible (201–300), Susceptible (301–500) and Highly Susceptible (501–1000), enabling identification of slow head blight accessions.
Estimation of disease progression and rAUDPC
The relative Area Under Disease Progress Curve (rAUDPC) was calculated by expressing the AUDPC of each genotype as a percentage of the AUDPC recorded for the highly susceptible check cultivar Sonalika, using the following formula:
[rAUDPC (%) =AUDPC of genotype / AUDPC of susceptible check ​ × 100]
The rate of disease progression was estimated by calculating the difference between AUDPC values recorded at the third and second observation dates (D3 – D2), allowing identification of genotypes exhibiting rapid or slow disease development.
Result and Discussion
Evaluation of wheat genotypes under artificially inoculated in field conditions: One hundred fifty-eight (158) wheat genotypes. Two times inoculation at 24-hour interval was done (105macroconidia/ml) at mid anthesis using knapsack sprayer. Disease data recorded as spikelet infection percent recorded after 7, 14 and 21 days after inoculation was subjected to calculate the area under disease progress curve. Out of 158 genotypes evaluated resistant to Fusarium head blight. Based on the AUDPC-based disease reaction scale, none of the evaluated wheat genotypes exhibited an immune or resistant response. A total of 12 genotypes viz., HS693, UP3114, HS689, HS690, HS691, HS50, HS562, HS490, DBW318, HI8826, HI8826, PBW677 and PBW901 were categorized as moderately resistant (AUDPC 101–200). The majority of entries fell into the moderately susceptible and susceptible categories, comprising 56 genotypes (AUDPC 201–300) and 87 genotypes (AUDPC 301–500), respectively. Additionally, three genotypes, namely Sonalika (668.50), Raj 4015 (639.00), and HPW 487 (506.10), were categorized as highly susceptible (AUDPC 501–1000), reflecting severe Fusarium head blight development under field conditions.
Relative AUDPC values presented in Table 1 revealed that only four genotypes, viz. HS693, UP3114, HS689, HS690, HS691, HS50, HS562, HS490, DBW318, HI8826, HI8826, PBW677 and PBW901 were having less than 20% of rAUDPC of susceptible variety, Sonalika. Such genotypes showed slow progress of head blight disease. Overall, there were very limited sources of resistance in wheat genotypes evaluated in present study.
On the basis of progress of disease infection rate, high intensity of disease infection was recorded in case of check as VL 204 (224.00), HPW 487 (219.10), HD 3402 (207.20), Sonalika (193.90) and Raj 4015 (188.30). whereas slow disease progress was recorded in case of genotypes viz., HS562 (47.60), HS490 (50.40) and DBW 318 (53.90). 
Based on disease scores, substantial variation in Fusarium head blight response was observed among the evaluated wheat genotypes. None of the genotypes exhibited immune (score 0) or resistant (score 1) reactions under field conditions. Only 12 genotypes viz., HS693, UP3114, HS689, HS690, HS691, HS50, HS562, HS490, DBW318, HI8826, HI8826, PBW677 and PBW901 showed a moderately resistant response (disease score 2), 52 genotypes moderately susceptible (score 3) and 74 genotypes susceptible (score 4), reflecting pronounced disease development. Additionally, 20 genotypes were highly susceptible (score 5), exhibiting extensive spikelet infection. 
Effective management of Fusarium head blight remains challenging due to the complex interplay among host genotype, pathogen variability, and conducive environmental conditions, coupled with the scarcity of stable resistance sources. The present study demonstrated that the majority of the evaluated wheat genotypes were classified as susceptible or highly susceptible, highlighting a pronounced vulnerability of Indian wheat cultivars to FHB. This predominance of susceptible responses underscores the limited genetic diversity for FHB resistance within the currently available germplasm and emphasizes the urgent need for systematic identification, introgression, and pyramiding of resistance traits to enhance resilience against this disease.
The present findings are consistent with earlier studies demonstrating substantial genetic variability for FHB resistance in wheat germplasm. Large-scale screening efforts, such as those reported by Kumar et al. (2021), revealed that genotypes classified based on AUDPC further confirmed the scarcity of effective resistance, with only three genotypes (HD 3377, NIDW 1149, and HI 1612) falling within the moderately resistant category (AUDPC 101–200). Notably, four genotypes (HI 1612, MACS 6747, UP 3016, and MACS 4059) expressed low relative AUDPC values (<25% of Sonalika), indicating a slow blighting phenotype. Previous studies have reported the identification of several moderately resistant Indian wheat genotypes through large-scale screening efforts involving nearly 4,000 accessions, including AKDW 2997-16, DBW 62, PBW 396, PDW 311, UAS 415, UP 2747, UP 2798, VL 926, VL 829, and WH 1021 (Saharan et al., 2020). Globally, Sumai 3 and other Chinese cultivars remain the most extensively studied and reliable sources of Fusarium head blight (FHB) resistance. Beyond Chinese germplasm, additional resistance sources have been reported from Brazilian and Eastern European wheat cultivars, notably Arina and Frontana (Miedaner, 1997). In contrast, durum wheat has generally exhibited high susceptibility to FHB, although exceptions have been documented. Notably, four Syrian landraces i.e., ICDW 92330, ICDW 95842, ICDW 96165, and Chahba were identified as resistant under field conditions (von der Ohe and Miedaner, 2010). Moreover, resistance sources independent of Sumai 3 have been described in the Korean cultivar Chokwang (Shaner and Buechley, 2001), the Romanian cultivar Fundulea 201R (Shen et al., 2003), and the US cultivars Ernie and Freedom (Rudd et al., 2001). Collectively, these findings highlight the diverse but limited global reservoir of FHB resistance and emphasize the need to broaden the genetic base of resistance in Indian wheat breeding programmes.
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Table 1 Evaluation of wheat genotype against fusarium head blight of wheat under artificial inoculated in field condition during 2023.
	Entries
	Disease Grade
	Average % spikelet infection
	AUDPC
	Progress of AUDPC (from 1st obs. to 3rd obs.)
	rAUDPC values % of check cv. Sonalika

	
	
	1st obs.
	2nd obs.
	3rd obs
	
	
	

	VL2041
	4
	7.00
	28.00
	71.00
	469.00
	224.00
	70.16

	VL2043
	3
	8.20
	19.20
	40.60
	305.20
	113.40
	45.65

	VL2044
	4
	8.40
	30.00
	45.00
	396.90
	128.10
	59.37

	HD3402
	4
	6.20
	23.60
	65.40
	415.80
	207.20
	62.20

	HPW481
	3
	4.40
	18.40
	51.60
	324.80
	165.20
	48.59

	HPW487
	5
	13.20
	27.80
	75.80
	506.10
	219.10
	75.71

	HPW488
	3
	5.80
	13.80
	43.80
	270.20
	133.00
	40.42

	HS692
	3
	6.80
	15.60
	42.80
	282.80
	126.00
	42.30

	HS693
	2
	2.20
	7.60
	19.40
	128.80
	60.20
	19.27

	HS694
	3
	5.00
	17.40
	41.60
	284.90
	128.10
	42.62

	UP3114
	2
	0.40
	5.60
	20.40
	112.00
	70.00
	16.75

	VL3028
	3
	8.60
	27.40
	44.20
	376.60
	124.60
	56.34

	VL3029
	3
	8.20
	28.80
	45.00
	387.80
	128.80
	58.01

	VL3030
	5
	12.80
	30.60
	64.40
	484.40
	180.60
	72.46

	HPW483
	4
	6.60
	25.40
	51.20
	380.10
	156.10
	56.86

	HPW484
	4
	5.80
	20.60
	41.00
	308.00
	123.20
	46.07

	HPW485
	4
	11.60
	19.80
	39.20
	316.40
	96.60
	47.33

	HPW486
	3
	5.20
	16.20
	36.60
	259.70
	109.90
	38.85

	HS688
	3
	5.80
	18.00
	34.80
	268.10
	101.50
	40.10

	HS689
	2
	0.60
	6.20
	18.80
	111.30
	63.70
	16.65

	HS690
	2
	1.40
	8.40
	18.60
	128.80
	60.20
	19.27

	HS691
	2
	1.80
	8.80
	18.60
	133.00
	58.80
	19.90

	SKW362
	4
	5.60
	15.60
	36.80
	257.60
	109.20
	38.53

	UP3113
	5
	13.40
	28.60
	55.20
	440.30
	146.30
	65.86

	VL2047
	4
	6.00
	22.40
	45.00
	335.30
	136.50
	50.16

	VL2048
	4
	6.20
	22.60
	42.00
	326.90
	125.30
	48.90

	VL2049
	4
	6.80
	22.00
	40.20
	318.50
	116.90
	47.64

	VL2050
	3
	4.40
	12.60
	37.20
	233.80
	114.80
	34.97

	HS50
	2
	0.40
	6.20
	22.40
	123.20
	77.00
	18.43

	HS56
	2
	1.80
	7.00
	15.40
	109.20
	47.60
	16.34

	HS490
	2
	0.40
	7.20
	14.80
	103.60
	50.40
	15.50

	HPW349
	3
	7.60
	16.00
	35.80
	263.90
	98.70
	39.48

	VL907
	4
	12.00
	20.60
	46.00
	347.20
	119.00
	51.94

	VL892
	4
	11.80
	19.60
	48.60
	348.60
	128.80
	52.15

	DBW377
	4
	11.20
	23.80
	46.80
	369.60
	124.60
	55.29

	PBW870
	4
	10.60
	19.60
	37.40
	305.20
	93.80
	45.65

	DBW372
	3
	5.00
	13.00
	36.60
	236.60
	110.60
	35.39

	DBW318
	2
	1.60
	6.00
	17.00
	107.10
	53.90
	16.02

	DBW327 
	3
	7.00
	16.60
	36.80
	269.50
	104.30
	40.31

	DBW332
	3
	8.20
	20.20
	36.00
	296.10
	97.30
	44.29

	DBW370
	3
	7.00
	19.60
	46.20
	323.40
	137.20
	48.38

	DBW371
	4
	9.00
	21.20
	46.40
	342.30
	130.90
	51.20

	DBW373
	4
	11.80
	21.40
	47.40
	357.00
	124.60
	53.40

	PBW868
	4
	9.00
	20.60
	42.20
	323.40
	116.20
	48.38

	PBW871
	4
	9.80
	20.40
	41.00
	320.60
	109.20
	47.96

	PBW872
	4
	10.00
	19.20
	40.60
	311.50
	107.10
	46.60

	HD3090
	3
	11.80
	20.60
	45.00
	343.00
	116.20
	51.31

	HI1633
	3
	8.20
	19.20
	40.60
	305.20
	113.40
	45.65

	RAJ4083
	4
	11.80
	20.60
	45.00
	343.00
	116.20
	51.31

	DBW320
	4
	7.00
	24.40
	43.40
	347.20
	127.40
	51.94

	MP1380
	4
	8.80
	21.00
	43.00
	328.30
	119.70
	49.11

	DBW407
	4
	7.20
	20.00
	41.40
	310.10
	119.70
	46.39

	DDW48
	4
	10.40
	22.00
	43.00
	340.90
	114.10
	50.99

	HI8826
	2
	0.60
	5.20
	19.80
	107.80
	67.20
	16.13

	MACS4100
	3
	7.00
	19.80
	39.40
	301.00
	113.40
	45.03

	MP1378
	5
	11.00
	25.00
	36.20
	340.20
	88.20
	50.89

	MP3552
	5
	11.80
	20.60
	45.00
	343.00
	116.20
	51.31

	UAS3015
	3
	6.80
	18.20
	35.40
	275.10
	100.10
	41.15

	HI883
	4
	9.80
	19.20
	41.00
	312.20
	109.20
	46.70

	HI8840
	4
	10.20
	20.20
	42.00
	324.10
	111.30
	48.48

	MP1358
	4
	10.60
	21.80
	37.00
	319.20
	92.40
	47.75

	NIAW3922
	4
	8.20
	19.20
	40.60
	305.20
	113.40
	45.65

	NIDW1149
	3
	7.20
	18.00
	35.80
	276.50
	100.10
	41.36

	UAS478
	3
	7.80
	20.40
	41.20
	314.30
	116.90
	47.02

	DBW352
	3
	7.40
	19.00
	33.40
	275.80
	91.00
	41.26

	GW513
	5
	11.80
	23.60
	43.60
	359.10
	111.30
	53.72

	GW547B
	3
	5.80
	18.40
	34.80
	270.90
	101.50
	40.52

	HI1636
	5
	12.60
	24.20
	47.60
	380.10
	122.50
	56.86

	HI1650
	5
	11.60
	24.60
	48.80
	383.60
	130.20
	57.38

	MACS6768
	4
	9.20
	20.20
	41.80
	319.90
	114.10
	47.85

	MP3535
	4
	9.00
	19.60
	38.00
	301.70
	101.50
	45.13

	NWS2194
	4
	7.80
	18.60
	40.60
	299.60
	114.80
	44.82

	HI1665
	3
	11.80
	20.60
	45.00
	343.00
	116.20
	51.31

	NIAW4028
	4
	8.60
	20.00
	41.60
	315.70
	115.50
	47.23

	CG1036
	5
	12.00
	22.40
	43.00
	349.30
	108.50
	52.25

	CG1040
	5
	8.20
	21.80
	35.00
	303.80
	93.80
	45.45

	DDW47
	3
	6.60
	16.80
	34.40
	261.10
	97.30
	39.06

	DDW55
	3
	7.60
	18.40
	37.20
	285.60
	103.60
	42.72

	GW532
	3
	5.40
	15.20
	36.60
	253.40
	109.20
	37.91

	HD3401
	3
	6.60
	19.20
	40.60
	299.60
	119.00
	44.82

	HI1655
	4
	8.40
	17.60
	39.00
	289.10
	107.10
	43.25

	HI1666
	3
	7.80
	19.00
	40.60
	302.40
	114.80
	45.24

	HI8823
	4
	8.40
	18.60
	41.20
	303.80
	114.80
	45.45

	HI8830
	4
	8.80
	20.60
	41.80
	321.30
	115.50
	48.06

	MACS6795
	4
	7.60
	18.20
	37.20
	284.20
	103.60
	42.51

	MP1377
	4
	8.60
	20.00
	41.80
	316.40
	116.20
	47.33

	MP3288
	4
	6.80
	17.80
	40.00
	288.40
	116.20
	43.14

	UAS3019
	3
	7.20
	18.80
	32.80
	271.60
	89.60
	40.63

	DBW316
	3
	11.80
	20.60
	45.00
	343.00
	116.20
	51.31

	HD3118
	4
	7.40
	18.60
	36.80
	284.90
	102.90
	42.62

	HD3392
	3
	10.80
	22.80
	47.80
	364.70
	129.50
	54.55

	HI1621
	3
	5.60
	16.60
	28.00
	233.80
	78.40
	34.97

	PBW833
	4
	6.60
	19.20
	40.60
	299.60
	119.00
	44.82

	PBW835
	4
	8.40
	18.80
	37.60
	292.60
	102.20
	43.77

	HD3249
	3
	6.40
	19.20
	37.00
	286.30
	107.10
	42.83

	PBW826
	4
	10.20
	19.80
	42.80
	324.10
	114.10
	48.48

	HD3388
	3
	7.20
	19.00
	40.60
	300.30
	116.90
	44.92

	PBW852
	4
	8.00
	19.40
	42.20
	311.50
	119.70
	46.60

	DBW252
	5
	12.40
	23.00
	47.20
	369.60
	121.80
	55.29

	HD3171
	5
	11.20
	19.80
	47.80
	345.10
	128.10
	51.62

	HD3293
	4
	8.40
	18.00
	32.00
	267.40
	82.60
	40.00

	DBW353
	3
	7.00
	20.40
	36.00
	293.30
	101.50
	43.87

	JKW261
	4
	8.20
	19.20
	36.20
	289.80
	98.00
	43.35

	PBW771
	4
	8.60
	20.80
	39.20
	312.90
	107.10
	46.81

	WH1124
	5
	11.60
	22.80
	48.40
	369.60
	128.80
	55.29

	HD2967
	3
	7.40
	18.20
	38.00
	286.30
	107.10
	42.83

	HD3386
	3
	7.60
	18.00
	35.40
	276.50
	97.30
	41.36

	DBW359
	4
	8.20
	21.60
	37.00
	309.40
	100.80
	46.28

	DBW358
	4
	8.00
	18.60
	41.00
	301.70
	115.50
	45.13

	NIAW3170
	3
	8.40
	20.60
	34.80
	295.40
	92.40
	44.19

	HD3043
	3
	6.20
	17.80
	34.60
	267.40
	99.40
	40.00

	HD3369
	3
	7.40
	20.60
	42.00
	317.10
	121.10
	47.43

	HD3397
	4
	8.80
	19.40
	35.00
	289.10
	91.70
	43.25

	HD3400
	4
	8.60
	20.40
	34.60
	294.00
	91.00
	43.98

	HD3418
	4
	9.00
	22.20
	39.00
	323.40
	105.00
	48.38

	HI1628
	3
	7.20
	19.00
	40.60
	300.30
	116.90
	44.92

	HI1653
	4
	8.00
	19.40
	42.20
	311.50
	119.70
	46.60

	HI1654
	4
	8.40
	23.00
	47.20
	355.60
	135.80
	53.19

	HUW838
	5
	11.20
	19.80
	47.80
	345.10
	128.10
	51.62

	UP3090
	5
	8.00
	18.00
	32.00
	266.00
	84.00
	39.79

	WH1402
	3
	8.60
	19.20
	36.20
	291.20
	96.60
	43.56

	WH1403
	3
	8.20
	19.80
	34.40
	287.70
	91.70
	43.04

	DBW365
	4
	10.60
	19.80
	52.20
	358.40
	145.60
	53.61

	DBW366
	4
	8.80
	19.20
	41.20
	309.40
	113.40
	46.28

	DBW402
	4
	8.80
	18.60
	38.60
	296.10
	104.30
	44.29

	HD3415
	3
	4.60
	15.40
	36.80
	252.70
	112.70
	37.80

	Kharchia
	5
	12.00
	19.60
	42.00
	326.20
	105.00
	48.80

	KRL19
	4
	9.00
	22.00
	35.60
	310.10
	93.10
	46.39

	KRL2006
	4
	7.80
	20.40
	42.00
	317.10
	119.70
	47.43

	UAS310
	4
	8.00
	18.60
	46.60
	321.30
	135.10
	48.06

	KRL2021
	4
	8.40
	18.00
	41.60
	301.00
	116.20
	45.03

	KRL210
	4
	8.20
	18.20
	41.00
	299.60
	114.80
	44.82

	RAJ4565
	3
	7.80
	17.60
	37.60
	282.10
	104.30
	42.20

	HD3438
	4
	8.00
	19.40
	40.60
	305.90
	114.10
	45.76

	HD3439
	4
	8.80
	17.20
	44.60
	307.30
	125.30
	45.97

	CG1029
	4
	8.60
	17.60
	43.40
	305.20
	121.80
	45.65

	HD3407
	3
	7.40
	16.80
	38.20
	277.20
	107.80
	41.47

	HI1634
	4
	9.40
	21.00
	45.20
	338.10
	125.30
	50.58

	MP3336
	4
	8.80
	18.80
	47.60
	329.00
	135.80
	49.21

	HI8498
	4
	8.80
	21.20
	38.20
	312.90
	102.90
	46.81

	HI8759
	5
	12.20
	23.00
	48.80
	374.50
	128.10
	56.02

	HI8846
	3
	6.40
	14.20
	35.20
	245.00
	100.80
	36.65

	HI8847
	3
	5.00
	12.40
	33.20
	220.50
	98.70
	32.98

	HD2733
	3
	4.80
	13.80
	34.80
	235.20
	105.00
	35.18

	HD3411
	4
	9.00
	19.20
	37.80
	298.20
	100.80
	44.61

	HD3440
	4
	8.60
	20.40
	41.60
	318.50
	115.50
	47.64

	HD3406
	4
	8.20
	17.40
	37.00
	280.00
	100.80
	41.88

	HD3436
	4
	6.60
	17.80
	37.60
	279.30
	108.50
	41.78

	HD3437
	3
	6.80
	17.00
	37.40
	273.70
	107.10
	40.94

	PBW175
	4
	6.80
	21.00
	42.20
	318.50
	123.90
	47.64

	PBW677)
	2
	1.80
	7.60
	20.60
	131.60
	65.80
	19.69

	PBW901
	2
	0.40
	6.30
	23.60
	128.10
	81.20
	19.16

	PBW902
	3
	7.00
	18.00
	36.40
	277.90
	102.90
	41.57

	VL 2041
	4
	8.60
	21.20
	38.80
	314.30
	105.70
	47.02

	HS 562
	4
	8.60
	20.00
	42.40
	318.50
	118.30
	47.64

	DBW 313
	3
	8.00
	18.20
	35.20
	278.60
	95.20
	41.68

	Raj 4015
	5
	19.80
	44.60
	73.60
	639.10
	188.30
	95.60

	Sonalika
	5
	20.40
	47.40
	75.80
	668.50
	193.90
	100.00


*obs-Observation. 




