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PERFORMANCE OF GROUNDNUT SPANISH BUNCH VARIETIES UNDER DIFFERENT DATES OF SOWING DURING RABI SEASON
ABSTRACT 
Aim :The main objective of this study is to work out the performance of rabi groundnut varieties under different times of sowing, to study the late leaf spot disease pressure on rabi groundnut sown under different times.
Study Design : Split plot design
Place and Duration of Study :The experiment was conducted in the farm of Agricultural Research Station, Utukur, Kadapa, Andhra Pradesh, India which is situated at 14.450N latitude and 78.810E longitude fromrabi 2019-20 to2022-23 to study the effect of dates of sowing and varietal performance of groundnut.
Methodology :The treatments included five sowing windows as main plots viz., S1 : October I FN, S2 : October II FN, S3 : November I FN, S4 : November II FN and S₅ : December I FN and four varieties as sub plots viz., V1 : Kadiri-6, V2 : Dheeraj, V3 : TAG-24 and V4 : Nithyaharithawhich were laid out in Split plot design with three replications.
Results :Maximum pod yield of 2784 kg/ha was recorded with November II FN which was on par with December I FN (2527 kg/ha) sowing with all the yield attributes viz., number of filled pods per plant (25), 100 kernel weight (48.5 g) and shelling percentage (79.4 %). Minimum pod yield was recorded with October I FN (1910 kg/ha) sowing. Among the four groundnut varieties tested, Nithyaharitha has recorded higher pod yield (2661 kg/ha) and low percentage of leaf spot infestation (6.30%) followed by TAG-24 (9.32 %), Dheeraj (10.92 %) and Kadiri-6 (14.96 %).
Conclusion :During rabi, groundnut variety Nithyaharitha sown during November II FN and December I FN resulted in maximumpod yield with low per cent of disease index. 
Keywords : Dates of sowing, groundnut, late leaf spot, per cent disease incidence, pod yield, varieties
INTRODUCTION

Groundnut “The King of Oilseeds” is a unique blend of oil rich in oleic (48%) and linoleic (32%) acids, protein (26%), carbohydrates and minerals (calcium, phosphorus, iron and zinc). In India, groundnut is grown during kharif, rabi and summer seasons in different parts of the country. The productivity of groundnut sown in summer and rabi seasons is higher as compared to kharif season. The time of sowing has a considerable influence on growth and yield of groundnut. Early sowing in the season may encourage higher vegetative growth which may invite various diseases and pests. However, delayed sowing may shrink the vegetative phase, which in turn reduces dry matter accumulation leading to poor partitioning to reproductive parts and ultimately poor realization of the potential yield. The yield potentiality differs with varieties and Agro-Climatic conditions. 
The optimum time of sowing and promising varieties are the backbone to catch potential yield of groundnut. Weather is very important among the various abiotic factors which influence groundnut crop growth and yield. Sowing window is an important production component that can be manipulated to counter the adverse effects of environmental stress. Matching the phenology of the crop to the duration of favourable conditions by selecting the most appropriate sowing dates to avoid the periods of biotic and abiotic stresses is crucial for obtaining maximum yields. 
The first symptom of early leaf spot infection on plants was the appearance of the upper surface of the quadrifoliate and usually has light to dark brown centre with a yellow halo. The late leaf spot symptoms of infection on plants were dark brown to black, circular to sub-circular lesions appear on the lower surface of the quadrifoliate. Tikka/late leaf spot is one of the most important and destructive diseases causing accountable qualitative and quantitative losses. The causal organism is air borne and responsible for yield losses to the tune of 50-80% (Utpal Dey et al., 2015). Although numerous fungicides are available that can provide adequate leaf spot control in conventional production, cultivars that have high yield potential and resistance or tolerance to leaf spot diseases would be of benefit to both conventional and organic production systems. Cultural practices such as choice of planting date can affect leaf spot epidemics. Studies involving crop loss assessment often make use of the quantitative relationship between disease intensity and yield.

Crop management practices such as date of sowing and cultivar may influence the severity of late leaf spot and pod yield of groundnut. Sowing when environmental conditions are less favourable for disease incidence and/or progress can provide partial management of the disease. This disease can be controlled by the application of agrochemicals. However, the worldwide trend towards environmentally safe methods of plant disease control in sustainable agriculture calls for reducing the use of these synthetic chemical fungicides. In an attempt to modify this condition, some alternative methods of the control have been adopted. The disease development is dependent on the weather factors and inoculums. The present study indicates that late sowing (July) of crop is most vulnerable to the disease as compare to early sowing (June) since the late leaf spot may appear in epiphytotic and thereby reducing pod yield drastically. It may be because of favourable conditions like temperature, relative humidity and abundant spore load in the atmosphere coupled with intermittent rainfall.

However, there is paucity of information on optimum sowing time and choice of cultivars of groundnut for cultivation during rabi season in the Southern Zone of Andhra Pradesh. The present investigation was therefore, executed to study the effect of sowing dates on phenology, leaf spot disease severity and yield of different Spanish bunch groundnut cultivars during rabi.
METHODOLOGY 

The experiment was conducted in the farm of Agricultural Research Station, Utukur, Kadapa, Andhra Pradesh, India which is situated at 14.450N latitude and 78.810E longitude during rabi 2022-23 to study the effect of dates of sowing and varietal performance of groundnut. The soil of the experimental site was red sandy clay loam in texture, low in available nitrogen (165 kg/ha), medium in available phosphorus (52.5 kg/ha) and rich in available potash (283.9 kg/ha). The treatments included five sowing windows as main plots viz., S1:October I FN, S2 : October II FN, S3 : November I FN, S4 : November II FN and S₅ : December I FN and four varieties as sub plots viz., V1 : Kadiri-6, V2 : Dheeraj, V3 : TAG-24 and V4 : Nithyaharithawhich were laid out in Split plot design with three replications. Recommended dose of fertilizers were applied through urea, single super phosphate and muriate of potash respectively. Two hand weedings were carried out at 20 and 40 DAS. All the other agronomic and protective practices were followed as per the recommendations prescribed by ANGRAU. The observations on growth and yield attributes were taken from randomly selected five plants and yield from net plot area and finally subjected to statistical analysis. Tikka/late leaf spots severity was scored by using 1-9 scale and disease severity was calculated as
Percent Disease Index (PDI %) =           Sum of numerical ratings           x 100

                                             Total plants observed x Max. grade



For recording observations, five groundnut plants/treatment/replication was randomly selected and tagged in the crops sown at different dates. Three quadruplet leaves (bottom, middle and top) on main branch of each observation plant was selected for recording the observations on late leaf spot. A total of four observations i.e. at first appearance and subsequent three observations at 10 days interval was recorded applying modified 9.0 point disease rating scale.
RESULTS AND DISCUSSION

The field experiment was conducted using four groundnutvarietiesviz.,Nithyaharitha, Dheeraj, TAG-24 and Kadiri-6 sown at five different dates (October I & II FN, November I & II FN, December I FN) during rabi2019-20 to 2022-23.The result obtained in respect of effect of sowing dates and varieties on the late leaf spot disease incidence, severity, defoliation, pod yield were being presented.

Irrespective of the groundnut varieties yield attributes viz., maximum number of filled pods per plant (25), 100 kernel weight (48.5 g) and shelling percentage (79.4 %) were recorded with November II FN sowing which was on par with December II FN sown crop followed by November I FN, October II FN and October I FN with a significant disparity among the dates of sowing (Table 1). Over the pooled data of four years maximum groundnut pod yield of 2784 kg/ha was recorded with November II FN which was on par with December I FN (2527 kg/ha) followed by November I FN, October II FN and October I FN (Table 2). Minimum pod yield was recorded with October I FN (1910 kg/ha) sowing which might be due to heavy receipt of rains during November month in all the four years resulted in maximum severity of leaf spots and defoliation that was responsible for reducing the source sink relation of photosynthates. Similar results were reported by Vyshnavi et al. (2023), Jeevan Sai et al. (2022) and Harpuneet Kaur et al. (2020). 
Irrespective of dates of sowing, pooled over four years of data, groundnut variety Nithyaharitha has recorded maximum number of filled pods per plant (24), 100 kernel weight (48.8 g), shelling percentage (80.1 %) and pod yield (2661 kg/ha) followed by Dheeraj (2403 kg/ha), TAG-24 (2273 kg/ha) and Kadiri-6 (1981 kg/ha) with a significant disparity among themselves (Table 2).These results were similar to Dey et al., 2016.
Among the four groundnut varieties tested, Nithyaharitha (6.30 %) has recorded low percentage of leaf spot infestation followed by TAG-24 (9.32 %), Dheeraj (10.92 %) and Kadiri-6 (14.96 %). With respect to dates of sowing, percentage of leaf spot severity at harvest was lower with December I FN sowing (4.82 %) followed by November II FN (5.80 %), November I FN (8.63 %), October II FN (14.03 %) andOctober I FN (18.55 %) sowing which might be due to heavy rains that were received during the month of November which might have favoured for more severity of the disease with favourable minimum temperature and relative humidity (Table 3).
Sowing dates and late leaf spot incidence

The results (Table 1) indicated that per cent of late leaf spot incidence was significantly influenced by the timeof sowing in all groundnut varieties, however maximum late leaf spot disease incidence (18.55%)was observed in the crop sown October I FN followed by crop sown on October II FN (14.03%) and November I FN (8.63%), November II FN (5.80%) and December I FN (4.88%). Late leaf spot disease incidence was found to be increased steadily from itsfirst appearance (45 DAS) to the harvest of the crop sown at various dates.

In the crop sown during October I FN, the late leaf spot disease incidence irrespective of varieties observed at45 DAS (first appearance) was ranged from 10.12 to 15.23 % and it was increased with the age of the crop. The disease incidence observed at 50 days after sowing and at harvest were 
ranged from 15.36 to 18.63 % and 19.63 to 22.46 %, respectively. The crop sown during October II FN, exhibited comparatively lower disease incidence at various intervals and it was ranged from 13.24 to 15.96 % and 17.82 to 19.27 %, respectively at 50 days after sowing and at harvest followed by November I FN that exhibited disease incidence ranging from8.04 to 10.16 % and 12.2 to 14.7 %, respectively at 50 days after sowing and at harvest, November II FN that exhibited disease incidence ranging from3.04 to 5.16 % and 7.2 to 9.7 %, respectively at 50 days after sowing and at harvest and December I FN that exhibited disease incidence ranging from2.04 to 4.16 % and 5.2 to 6.5 %, respectively at 50 daysafter sowing and at harvest in the order of descent. Thus, the crop sown early i.e., October I & II FNexperienced highest average disease incidence compared to the crop sown later on November I & II FN which exhibited moderate average disease incidence and least average disease incidence in December I FN sown crop.
Effect of varieties on severity of late leaf spot

The average late leaf spot disease incidence (Table 3) observed in all varieties of groundnut irrespective of sowing dates was found to differ among the cultivars and it was increased with age of the crop. The disease incidence observed in the test varieties irrespective of sowing dates was ranged from 25.6 to 2.8%. The highest disease incidence in the range of8.3 to 25.6% (Av. 14.96%) was observed in the susceptible variety Kadiri-6. This was followed by Dheeraj (range, 4.7 to 20.6% and Av. 10.92%), TAG-24(range, 3.7 to 16.7% and Av. 9.32%)and Nithyaharitha (range 2.8 to 11.6% and Av. 6.3%). The late leaf spot disease incidence observed at first appearance of the disease (50DAS) in various varieties irrespective of sowing dates was ranged from2.8-15.75%.
Sowing dates and defoliation

The results revealed that percentage defoliation by P. personatain groundnut was
 directly proportional to the incidence of late leaf spot disease. The process of defoliation caused due to leaf spot incidence and severitywas beginnedapproximately 10-12 days after the first appearance of the disease in the crop sown at differentdates. Defoliation observed in the crops sown at various dates was ranged from 7.82 to 25.61%. It was found maximum (18.7 to 25.61%), moderate (12.8-19.7%) and least (1.87 to 2.6%), in the crops sown during October I & II FN, November I & II FN and December I FN, respectively.

Groundnut cultivars and defoliation

All test varieties exhibited variable degree of defoliation induced by late leaf spot disease and it was found to beincreased with the age of crop. Defoliation irrespective of sowing dates recorded in all four cultivars was ranged from 6.2-35.6%. Maximum defoliation was observed in groundnut variety Kadiri-6 (33.9%). This was followed by Dheeraj (11.7%), TAG-24 (9.15%) and Nithyaharitha (5.01%).Data obtained on per cent defoliation at various intervals indicated that amount of defoliation in allvarieties increased with the age of crop. 
Among the different dates of sowing, October I FN (36.9%) has recorded maximum defoliation due to higher incidence of late leaf spot followed by October II FN (24.63%), November I FN (18.72%), November II FN (8.56%) and December I FN (4.51%) in the order of descent same as per cent of disease incidence.
Pod yield 

The results (Table 2& 3) indicated that sowing dates and groundnut cultivars significantly influenced the late leaf spot disease incidence, severity and defoliation both of which directly and significantly affected the pod yield and test weight. Crop sown during October I FN has recorded significantly minimum pod yield (1910 kg/ha) with maximum incidence (18.55 %), severity and defoliation (36.9 %). Significantly the highest pod yield of groundnut (2784 kg/ha) with maximum number of filled pods per plant (25.0), maximum shelling percentage (79.4 %), 48.5 grams of 100 kernel weight and minimum incidence of late leaf spot (5.8 %), severity and defoliation of (8.56 %) were obtained in the crop sown during November II FNwhich was on par with December I FN sown crop with pod yield of 2527 kg/ha, 24.0 number of filled pods per plant, 46.8 grams of 100 kernel weight, 76.8 per cent of shelling percentage with least incidence of disease (4.88 %), severity and least per cent of defoliation (4.51). This was followed by November I FN sown crop with pod yield of 2471 kg/ha, 21.0 number of filled pods per plant, 44.1 grams of 100 kernel weight, 76.1 per cent of shelling percentage with moderate incidence of disease (8.63 %), severity and least per cent of defoliation (18.72) and October II FN sown crop with pod yield of 2081 kg/ha, 20.0 number of filled pods per plant, 41.3 grams of 100 kernel weight, 75.6 per cent of shelling percentage with disease incidence of 14.03 %, severity and defoliation of 24.63 %.
Irrespective of dates of sowing, groundnut varieties were significantly influenced by dates of sowing and percent of disease incidence. Among the four varieties that were tested, Nithyaharitha has recorded significantly the highest pod yield (2661 kg/ha) with maximum number of filled pods per plant (24.0), maximum shelling percentage (80.1 %), 48.8 grams of 100 kernel weight and least incidence of late leaf spot disease (6.3 %), severity and defoliation of (5.01 %) followed by Dheeraj with pod yield of 2403 kg/ha, 23.0 number of filled pods per plant, 46.1 grams of 100 kernel weight, 79.6 per cent of shelling percentage with 10.92 per cent of disease incidence, severity and per cent of defoliation (11.7). This was in turn followed by TAG-24 with pod yield of 2273 kg/ha, 20.0 number of filled pods per plant, 41.5 grams of 100 kernel weight, 75.7 per cent of shelling percentage with disease incidence of 9.32 %, severity and 9.15 per cent of defoliation and Kadiri-6 with pod yield of 1981 kg/ha, 18.0 number of filled pods per plant, 39.6 grams of 100 kernel weight, 71.2 per cent of shelling percentage with disease incidence of 14.96 %, severity and defoliation of 33.9 %.
Crop sown during October I FN has recorded significantly minimum pod yield (1910 kg/ha) with maximum incidence (18.55 %), severity and defoliation (36.9 %). Significantly the highest pod yield of groundnut (2784 kg/ha) with maximum number of filled pods per plant (25.0), maximum shelling percentage (79.4 %), 48.5 grams of 100 kernel weight and minimum incidence of late leaf spot (5.8 %), severity and defoliation of (8.56 %) were obtained in the crop sown during November II FN which was on par with December I FN sown crop with pod yield of 2527 kg/ha, 24.0 number of filled pods per plant, 46.8 grams of 100 kernel weight, 76.8 per cent of shelling percentage with least incidence of disease (4.88 %), severity and least per cent of defoliation (4.51). This was followed by November I FN sown crop with pod yield of 2471 kg/ha, 21.0 number of filled pods per plant, 44.1 grams of 100 kernel weight, 76.1 per cent of shelling percentage with moderate incidence of disease (8.63 %), severity and least per cent of defoliation (18.72) and October II FN sown crop with pod yield of 2081 kg/ha, 20.0 number of filled pods per plant, 41.3 grams of 100 kernel weight, 75.6 per cent of shelling percentage with disease incidence of 14.03 %, severity and defoliation of 24.63 %.

The interaction effect of dates of sowing and varieties in respect of incidence, severity, defoliation, pod yield and test weight were also found significant. Thus late leaf spot severity was significantly influenced by the time of sowing and varieties, which directly affected the pod yield in groundnut.

Similar effects of sowing dates and crop varieties on the intensity/severity of late leaf spot and their effecton pod yield and test weight in groundnut were also reported earlier by several workers like Harpuneet Kaur et al. (2022), Dey Utpal et al. (2016), Rashid et al., 2013, Gadhaveet al., 2011, Subasinghe et al., 2009, Tiwari et al., 2005, Galgunde and Kurundkar, 2002, Hazarika et al., 2000 and Dandnaiket al., 1996
. 
CONCLUSION

Thus, the results obtained in respect of effect of sowing dates and groundnut varieties on per cent lateleaf spot disease incidence revealed that the disease incidence was significantly influenced by the time ofsowing and crop varieties. The disease incidence was found to be maximum (11.6 to 25.6%) in the crop sown during October I FN. It was found to be reduced thereafter in the crop sown on October II FN (8.7 to 19.6%), November I FN (4.3 to 12.1%), November II FN (4.1 to 9.2%) and December I FN (2.8 to 8.3%). Among the four cultivars of groundnut, Kadiri-6 variety was found most susceptible with maximum incidencein the range of 8.3 to 25.6%, followed by Dheeraj (4.7 to 20.6%),TAG-24 (3.7 to 16.7%) and Nithyaharitha (2.8 to 11.6%).
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Table 1: Effect of time of sowing on growth and yield attributes of rabigroundnut varieties
               (pooled over 4 years)
	Treatments
	Plant height at harvest (cm)
	No. of branches/

plant
	No. of filled pods/plant
	Shelling Percentage (%)
	100 kernel
weight (g)

	Main plots : Time of sowing - 5

	S1 : October I FN
	49.3
	5.5
	18.0
	72.2
	39.1

	S2 : October II FN
	40.8
	5.3
	20.0
	75.6
	41.3

	S3 : November I FN
	36.1
	6.2
	21.0
	76.1
	44.1

	S4 : November II FN
	34.2
	6.5
	25.0
	79.4
	48.5

	S5 : December I FN
	34.8
	6.5
	24.0
	76.8
	46.8

	SEm+
	1.1
	0.6
	0.8
	2.5
	1.5

	CD (P=0.05)
	3.4
	NS
	2.2
	7.5
	4.5

	CV (%)
	9.1
	7.2
	9.3
	9.1
	11.2

	Sub plots : Varieties - 4

	V1 : Kadiri-6
	40.2
	5.1
	18.0
	71.2
	39.6

	V2 : Dheeraj
	37.5
	6.1
	23.0
	79.6
	46.1

	V3 : TAG-24
	26.9
	5.9
	20.0
	75.7
	41.5

	V4 :Nityaharitha
	31.5
	6.5
	24.0
	80.1
	48.8

	SEm+
	1.0
	0.5
	0.7
	2.3
	1.4

	CD (P=0.05)
	3.1
	NS
	2.1
	7.1
	4.2

	CV (%)
	8.6
	7.6
	9.5
	10.2
	11.6

	Interaction of Varieties at Time of sowing

	SEm+
	1.07
	0.71
	0.77
	2.44
	1.44

	CD (P=0.05)
	3.2
	NS
	2.3
	7.3
	4.3

	Interaction of Time of sowing at Varieties

	SEm+
	1.10
	0.75
	0.73
	2.55
	1.64

	CD (P=0.05)
	3.3
	NS
	2.2
	7.6
	4.9


Table 2: Effect of time of sowing on pod and haulm yield of rabi groundnut varieties
	Treatments  
	Pooled Pod yield (kg/ha)
	Pooled Haulm yield (kg/ha)

	
	2019-20
	2020-21
	2021-22
	2022-23
	Mean
	

	Main plots : Time of sowing - 5

	S1 : October I FN
	2163
	1605
	1842
	2031
	1910
	4512

	S2 : October II FN
	2483
	1959
	1634
	2249
	2081
	4329

	S3 : November I FN
	2875
	2123
	2439
	2446
	2471
	4263

	S4 : November II FN
	3180
	2686
	2598
	2671
	2784
	4281

	S5 : December I FN
	2902
	2155
	2503
	2546
	2527
	4119

	SEm+
	87
	70
	71
	77
	76
	141

	CD (P=0.05)
	261
	209
	212
	231
	228
	421

	CV (%)
	11.2
	13.5
	12.4
	10.2
	13.1
	15.7

	Sub plots : Varieties - 4

	V1 : Kadiri-6
	2030
	2083
	1803
	2009
	1981
	3549

	V2 : Dheeraj
	2691
	2071
	2360
	2491
	2403
	4072

	V3 : TAG-24
	2562
	2173
	2112
	2243
	2273
	3846

	V4 :Nityaharitha
	2802
	2697
	2620
	2525
	2661
	4152

	SEm+
	77
	75
	73
	70
	74
	127

	CD (P=0.05)
	232
	226
	218
	211
	221
	379

	CV (%)
	10.5
	11.9
	10.1
	8.6
	12.7
	13.2

	Interaction of Varieties at Time of sowing 

	SEm+
	74
	72
	72
	76
	74
	132

	CD (P=0.05)
	221
	215
	216
	228
	222
	395

	Interaction of  Time of sowing at Varieties

	SEm+
	80
	70
	69
	73
	73
	139

	CD (P=0.05)
	239
	211
	208
	218
	219
	416


Table 3 :Effect of time of sowing on leaf spot incidence (%) in rabi groundnut varieties 

                (Pooled over 4 years)
	Treatment
	Per cent Disease Index (%)

	
	Kadiri 6
	Dheeraj
	TAG-24
	Nithyaharitha
	Mean

	October I FN
	25.6
	20.6
	16.4
	11.6
	18.55

	October II FN
	19.6
	15.4
	12.4
	8.7
	14.03

	November I FN
	12.1
	9.4
	8.7
	4.3
	8.63

	November II FN
	9.2
	4.5
	5.4
	4.1
	5.80

	December I FN
	8.3
	4.7
	3.7
	2.8
	4.88

	Mean
	14.96
	10.92
	9.32
	6.3
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