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Abstract
In the world's India is largest producer of okra. The date of planting and cultivar selection are critical cultural elements for achieving less incidence of Yellow Vein Mosaic Virus (YVMV), optimum yield, high returns, and quality. It is a significant factor that influences the physiological, morphological, and yield aspects of any crop plant. The presents study was conducted at the Department of Vegetable Science's Vegetable Research Farm in CCS Haryana Agricultural University, Hisar, during the rainy season 2020–21 with five different dates of sowing i.e. S1 (15th June), S2 (30th June), S3 (15th July), S4 (30th July) and S5 (14th August) and three varieties V1 (Varsha Uphar), V2 (Hisar Naveen) and V3 (Hisar Unnat). According to the study, minimum infestation of Yellow Vein Mosaic Virus (9.8 %) and severity of disease (8.2 %) were recorded when sowing was done on 15th June which was statistically at par with 30th June and 15th July dates of sowing, whereas, maximum was recorded when sown on 14th August. Among various cultivars, Hisar Naveen exhibited minimum infestation to YVMV (9.2 %) and severity of disease (8.6 %). However, in quality parameters the highest levels of dry matter, ash content, and acidity were observed on the 15th of July in the Hisar Naveen cultivar, while the lowest levels were noted on the 14th of August in the Hisar Unnat cultivar. The maximum amount of ascorbic acid content was recorded on the 14th of August, with the minimum observed on the 15th of June. Additionally, among the cultivars, Hisar Naveen exhibited the highest ascorbic acid content, while Hisar Unnat displayed the lowest under the prevailing climatic conditions in Haryana.
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1. INTRODUCTION
Okra [Abelmoschus esculentus (L.) Moench] commonly called as Bhindi or Lady's finger. It belongs to the botanical family Malvaceae. It is one of the most important vegetable crops grown during both summer as well as rainy season in India. The term "Okra" originates from Africa, specifically from the Igbo language in Nigeria, where it means Lady's finger. The vegetable is believed to have its roots in the Hindustani Center, primarily found in India, Burma, Pakistan (Zeven and Zhukvsky, 1975), and also in Africa (Thomson and Kelly, 1979)In India, it occupies an area of about 509 thousand hectares with a production of 6095 million metric tonnes and productivity of 119.74 quintal/hectare. Specifically in Haryana, it covers an area of 24.53 thousand hectares, resulting in a production of 233.96 thousand metric tonnes and a productivity of 95.37 quintals per hectare (Anonymous, 2018). Okra is commercially cultivated in various Indian states, including Haryana, Punjab, Gujarat, Orissa, Uttar Pradesh, Andhra Pradesh, Madhya Pradesh, West Bengal, Maharashtra, Tamil Nadu and Karnataka.
Top of Form
To achieve maximum fruit yield, less incidence of Bhindi yellow vein mosaic virus (YVMV) and favorable returns, the selection of sowing dates and cultivars stands out as crucial among cultural factors. This aspect significantly influences the physiological and morphological characteristics of crop plants, ultimately impacting overall yield (Akramghaderi et al., 2003).
Time of sowing is an important factor on which the occurrence of disease depends. Furthermore, the sowing season has a direct impact on the (YVMV) disease. Das et al. (2011) also observed that incidence of YVMV was more in late sown crop (15th April) as compared to early sown crop (15th Feb). Okra can be grown round the year; however, it requires long and warm growing season, with consistently high day and night temperatures for better fruit yield. The sowing time has a significant impact on okra production, incidence of disease and quality. In India, Bhindi Yellow Vein Mosaic Virus (YVMV) is one of the most serious plant diseases, causing significant losses by affecting the quality and pod yield in okra. It belongs to the genus (Begomovirus) and the family (Geminiviridae) and spread by the whitefly (Bemisia tabaci) (Josh and Usha 2003). The disease not only reduces the fruit yield but also affects the fruit's quality. In India, most of the growers are using local cultivars which are highly susceptible to yellow vein mosaic virus (YVMV).  Das et al. (2012) reported that if the plants are infected within 20 days of sowing, disease infects the crop plants at all the stages of growth and causes a (50 to 100 %) fruit yield loss as well as reduction in quality. It has become critical to determine the best date of planting and suitable cultivars so that the plants can be exposed to the most favorable environment during their growing phase for, less incidence of Bhindi Yellow Vein Mosaic Virus (YVMV), better fruit quality and higher total output. However, data on the effect of planting time in conjunction with cultivars on the quality of okra fruits is limited. Chattopadhyay et al. (2011) investigated the seed yield and quality of okra as affected by sowing dates. The ascorbic acid and crude protein content were maximum when sown in rainy season as compared to spring-summer (Das et al. (2012). Suprava (2019) studied the effect of sowing time plant spacing on yield and fruit quality traits of okra and observed higher content of ash and vitamin C on 15th July sown crop. The present study was undertaken to find out the optimum date of planting and good cultivars so that the plants may be exposed to most favorable atmosphere during their growth period for better fruit set, higher total fruit yield and less incidence of Yellow Vein Mosaic Virus (YVMV).
2. Material and Methods
During the rainy season 2020-21, the experiment was conducted at the Department of Vegetable Science's Research Farm at CCS Haryana Agricultural University in Hisar, Haryana. The soil in the experimental field was characterized as sandy loam in texture, non-saline, moderately rich in organic carbon, low in available nitrogen, high in available phosphorus, and abundant in available potassium. The experiment was conducted in Split Plot Design (SPD) having 15 treatments-
List 1- Treatments Detail:-
	Treatments
	Abbreviation used
	Details of treatments

	T1
	S1V1
	Varsha Uphar was sown on 15th June

	T2
	S1V2
	Hisar Naveen was sown on 15th June

	T3
	S1V3
	Hisar Unnat was sown on 15th June

	T4
	S2V1
	Varsha Uphar was sown on 30th June

	T5
	S2V2
	Hisar Naveen was sown on 30th June

	T6
	S2V3
	Hisar Unnat was sown on 30th June

	T7
	S3V1
	Varsha Uphar was sown on 15th July

	T8
	S3V2
	Hisar Naveen was sown on 15th July

	T9
	S3V3
	Hisar Unnat was sown on 15th July

	T10
	S4V1
	Varsha Uphar was sown on 30th July

	T11
	S4V2
	Hisar Naveen was sown on 30th July

	T12
	S4V3
	Hisar Unnat was sown on 30th July

	T13
	S5V1
	Varsha Uphar was sown on 14th August

	T14
	S5V2
	Hisar Naveen was sown on 14th August

	T15
	S5V3
	Hisar Unnat was sown on 14th August



In accordance with the treatment details given, okra seeds were sown on five separate dates. In two successive hills, two to three healthy seeds were sown 2 cm deep, with a 60 x 30 cm gap between them. A recommended basal dose of 1/3rd nitrogen, equivalent to 34 kg/ha, and a full dose of 60 kg P2O5 per hactare through single super phosphate were uniformly applied across all plots. The remaining dose of nitrogen (66 kg/ha) was applied in two split doses, with the first was applied three weeks after sowing and the second was applied at the time of flowering.
2.1 Infestation to yellow vein mosaic disease (%):
After seventy-five days of sowing, YVMV affected plants were counted from total plant population and incidence percentage was calculated as given below:



2.2 Disease severity:
Disease severity was assessed at 7 days interval by using 0-6 scale (Ali et al., 2005a). Percentage disease index (PDI) was calculated with the method of McKinney, (1923), PDI was correlated with the different weather parameters.
The percentage disease index (PDI) was calculated by McKinney’s, 1923 formula:

List 2-Disease severity scale
	Rating
	Category
	Severity Range

	0
	Immune
	0%

	1
	Highly resistant
	1-10%

	2
	Moderately resistant
	11-25%

	3
	Tolerant
	26-50%

	4
	Moderately susceptible
	51-60%

	5
	Susceptible
	61-70%

	6
	Highly susceptible
	71-100%


(Ali et al., 2005a)
2.3 Dry matter content in plant (%):
At 75 days after sowing (DAS), the pods were weighed fresh. Subsequently, they were sliced into very thin pieces, placed in an envelope, and then introduced into an oven and maintained at 68°C for 72 hr. Afterward, samples were transferred into desiccators and allowed to cool down to room temperature. The final dry content was determined using the following formula:

2.4 Ash content (% DW):
The pre-weighed crucible was taken with 1gm of dry powder sample and kept under an electrical muffle
furnace for six hours. After ignition dried sample was weighed.

Where,
W= Weight of fresh powder sample W1= Weight of empty crucible
W2= Weight of ignited sample along with crucible

2.5 Titratable Acidity:
A 10-ml sample, adjusted based on the acid content, underwent dilution with approximately 150 ml of freshly boiled distilled water. The titration process involved using 0.1 N NaOH, monitored with a glass electrode until reaching a pH of 8.8. The endpoint was identified as the point where the pH exhibited the most significant change upon the addition of the base. This endpoint value varied for each fruit type, falling within the pH range of 7.2 to 8.4 units.
2.6 Ascorbic Acid content (mg/100 g):
(A) Reagents
(i) Dye preparation: 
A 0.125 g of 2,6-dichloro indo-phenol was taken along with 0.105 g of sodium bicarbonate in 500 ml of distilled water and kept in one beaker. 
(ii) MPA preparation:
A 15 g of metaphosphoric acid was taken and well mixed with 40 ml of acetic acid glacial. Then these contents were mixed with 460 ml of distilled water to make the final volume of 500 ml. 
(B) Procedure: 
Four pieces of fruit were taken and grinded to make a weight of 1g. 10 ml of MPA solution was mixed with 1g of sample by using mortar and pestle. Then sample was collected through straining using cotton and titration was done using dye solution. The end point was recorded when pink color persisted for five to ten seconds.
2.7 Statistical Analysis
The study employed a split-plot design (SPD) for field parameters and a completely randomized design (CRD) for laboratory parameters. Data from experiments conducted in both designs were analyzed using the standard method recommended by Panse and Sukhatme (1985). The data for various characteristics during the study underwent statistical analysis through the technique of analysis of variance (ANOVA). The significance of the difference between the means of two treatments was assessed using the critical difference (CD), calculated using the following formula:

Where,		CD	= Critical difference
		n	= Number of replications of the factor for which C.D. is to be calculated.
		t	= The value from fisher table for error degree of freedom at 5 per cent 
			    level of significance.
3. Results and Discussion
3.1 Disease Parameter:
3.1.1 Infestation of YVMV at 30, 40, 60 and 75 DAS:
The data recorded for the incidence of YVMV disease at different plant growth stages, i.e., 30, 40, 60, 
Table 1: Effect of planting dates and varieties on infestation of YVMV at 30, 40, 60 and 75 DAS in okra
	Treatments
	Infestation of YVMV (PDI)

	Date of sowing
	30 DAS
	40 DAS
	60 DAS
	75 DAS

	15-June
	1.3 (6.1)
	3.3 (10.1)
	6.5 (14.6)
	9.8 (18.0)

	30-June
	2.3 (8.4)
	4.5 (12.0)
	7.5 (15.8)
	11.4 (19.6)

	15-July
	3.1 (9.9)
	5.3 (13.0)
	8.5 (16.8)
	12.5 (21.1)

	30-July
	4.0 (11.4)
	6.1 (14.0)
	10.0 (18.3)
	14.7 (22.4)

	14-August
	4.3 (11.8)
	6.8 (14.9)
	11.1 (19.3)
	16.3 (23.7)

	C.D. at 5% 
	2.1 (1.9)
	2.2 (2.1)
	2.4 (2.2)
	2.7 (2.5)

	SE(m )
	0.2 (0.1)
	0.3 (0.2)
	0.7 (0.6)
	0.8 (0.7)

	Varieties
	

	Varsha Uphar
	3.1 (10.0)
	5.4 (13.3)
	7.6 (15.9)
	12.3 (22.0)

	Hisar Naveen
	1.4 (6.5)
	2.6 (9.1)
	6.4 (14.6)
	9.2 (17.4)

	Hisar Unnat
	4.5 (12.1)
	7.6 (16.0)
	12.2 (20.3)
	13.6 (23.0)

	C.D. at 5%
	1.1 (0.9)
	1.2 (1.0)
	1.3 (1.1)
	1.5 (1.3)

	SE(m)
	0.1 (0.1)
	0.2 (0.1)
	0.4 (0.3)
	0.5 (0.4)




Fig. 1: Effect of planting dates and varieties on infestation of YVMV at 30, 40, 60 and 75 DAS in okra


[bookmark: _Hlk200018140]and 75 DAS in okra cultivars sown on different dates has been depicted in Table 1. It is clear indicated from the Table 1 that early sown crop had significantly less infection by YVMV as compared to later sown crop and minimum incidence of disease (9.8 %) was recorded on 15th June date of sowing which was statistically at par with 30th June (11.4 %) and 15th July (12.5 %) dates of sowing, whereas, maximum disease incidence (16.3 %) was recorded on 14th August date of sowing. Among different cultivars, Hisar Naveen (9.2 %) showed minimum infestation to YVMV disease. However, no significant difference was observed for infestation of YVMV among Hisar Unnat and Varsha Uphar. 
3.1.2 Severity of disease (%)
The effect of planting dates and varieties has significant effect on severity of disease and has been presented in it Table 2 indicated that late sown crop has more severity of disease and minimum severity of disease (8.2 %) was recorded when sown on 15th June which was statistically at par with 30th June (9.6 %) and 15th July dates of sowing, while, late sown crop recorded maximum severity of disease (14.5 %) which was recorded from 14th August date of sowing. Among different cultivars minimum disease of severity (8.6 %) was found in Hisar Naveen. However, no significant difference was observed for severity of disease among Hisar Unnat and Varsha Uphar.
Table 2: Effect of planting dates and varieties on Severity of disease (%) in okra
	Severity of disease (%)

	Treatments
	Varieties
	

	Date of sowing
	Varsha Uphar
	Hisar Naveen
	Hisar Unnat
	Mean D

	15-June
	8.9
	6.3
	9.5
	8.2

	30-June
	10.3
	7.7
	10.8
	9.6

	15-July
	11.3
	8.6
	11.8
	10.6

	30-July
	14.0
	9.0
	14.5
	12.5

	14-August
	15.8
	11.2
	16.6
	14.5

	Mean V
	12.1
	8.6
	12.7
	

	
	Factor (D)
	Factor (V)
	Factor (V) at same level of D
	Factor (D) at same level of V

	C.D. at 5%
	2.4
	1.6
	NS
	NS

	SE(m)
	0.8
	0.4
	1.4
	1.2



The dates of sowing played significant role in occurrence of disease incidence and severity of disease. It is clear from the Table (1 and 2) that disease incidence was significantly increased as the sowing was delayed. The minimum incidence of disease and severity of disease was recorded when sown on 15th June, which was at par with 30th June and 15th July date of sowing and maximum (16.3 % and 14.5 %, respectively) was on 14th August. These results might be due to more infestation of whitefly on late sown crop of okra as compared to early sown crop. The findings are in close conformity with the of results Das et al. (2011) who observed that the infestation of whitefly was higher in delayed sowing as compared to early sowing. Whereas, among the different cultivars Hisar Naveen showed minimum incidence of disease (9.2 %) and severity of disease (8.6 %). This may be due to genetic potential of the cultivars and different response of varieties to environmental conditions. Singh (1990) and Ali et al. (2012) also observed similar results in okra and reported the correlation of whitefly population and disease incidence with minimum temperature on cultivar.
3.2 Quality Parameter:
3.2.1 Dry matter content (%):
The data presented in Table 3 depicted that maximum dry matter (12.41 %) was recorded when sown on 15th July which was statistically at par with 30th June (12.14 %) date of sowing, whereas, minimum dry matter (11.11 %) was observed on 14th August date of sowing. Among various cultivars Hisar Naveen showed the highest dry matter content (12.29 %) as compared with other two cultivars followed by Varsha Uphar (11.87 %) and minimum dry matter content was recorded in Hisar Unnat (11.47 %).
Table 3: Effect of planting dates and varieties on Dry matter content (%) of okra fruit (pod)
	Dry matter (%)

	Treatments
	Varieties
	

	Date of sowing
	Varsha Uphar
	Hisar Naveen
	Hisar Unnat
	Mean D

	15-June
	12.09
	12.51
	11.16
	11.92

	30-June
	12.02
	12.47
	11.91
	12.14

	15-July
	12.56
	12.98
	11.71
	12.41

	30-July
	11.67
	12.01
	11.70
	11.79

	14-August
	11.01
	11.45
	10.87
	11.11

	Mean V
	11.87
	12.29
	11.47
	

	
	Factor (D)
	Factor (V)
	Factor (V) at same level of D
	Factor (D) at same level of V

	C.D. at 5%
	0.39
	0.25
	NS
	NS

	SE(m)
	0.12
	0.09
	0.20
	0.19



3.2.2 Ash content (%):
The inorganic residue that remains after the removal of water and organic matter through heating referred as ash. It serves as an indicator of the overall quantity of minerals present in a fruit. On the other hand, mineral content measures the specific inorganic components within a fruit, such as Ca, Na, K, and Cl. Consequently, assessing both ash and mineral content is crucial for evaluating the quality parameters of okra fruits. The data described in Table 4 showed that ash content (8.6 %) was found maximum under 15th July date of sowing which was statistically at par with 15th June, and 30th June, and minimum ash content (8.0 %) was recorded when sown on 14th August, whereas among various cultivar Hisar Naveen showed the maximum ash content (8.4 %) which was statistically at par with Varsha Uphar and minimum ash content (8.2 %) was observed in Hisar Unnat.
Table 4: Effect of planting dates and varieties on Ash content (%) of okra fruits
	Ash content (%)

	Treatments
	Varieties
	

	Date of sowing
	Varsha Uphar
	Hisar Naveen
	Hisar Unnat
	Mean D

	15-June
	8.3
	8.3
	8.2
	8.3

	30-June
	8.4
	8.5
	8.1
	8.3

	15-July
	8.5
	8.8
	8.4
	8.6

	30-July
	8.1
	8.4
	8.0
	8.2

	14-August
	8.0
	8.0
	7.8
	8.1

	Mean V
	8.3
	8.4
	8.2
	

	
	Factor (D)
	Factor (V)
	Factor (V) at same level of D
	Factor (D) at same level of V

	C.D. at 5%
	0.3
	0.1
	NS
	NS

	SE(m)
	0.1
	0.1
	0.2
	0.1



3.2.3 Titrable acidity (%):
The data presented in Table 5 revealed that different sowing dates and cultivars had no significant effect on titrable acidity. The maximum acidity (0.34 %) was recorded on 15th July date of sowing and minimum (0.28 %) when sown on 14th August. Among the different cultivars, maximum acidity was found in Hisar Naveen (0.32 %) as compared to Varsha Uphar (0.31 %) and Hisar Unnat (0.30 %).
3.2.4 Ascorbic acid content (mg/100g):
The data recorded on ascorbic acid as influenced by different dates of sowing and cultivar has been presented in Table 6. It revealed that maximum ascorbic acid content (21.07 mg/100g) was found from 14th August date of sowing which was at par with 30th July and 15th July date of sowing and minimum (20.27 mg/100g) ascorbic acid content was recorded on 15th June date of sowing, whereas, among different cultivars, Hisar Naveen recorded maximum ascorbic acid content (21.05 mg/100g) which was statistically at par with Varsha Uphar (20.60 mg/100g) and minimum (20.33 mg/100g) was observed in Hisar Unnat.



Table 5: Effect of planting dates and varieties on Titrable acidity (%) of okra fruit
	Acidity (%)

	Treatments
	Varieties
	

	Date of sowing
	Varsha Uphar
	Hisar Naveen
	Hisar Unnat
	Mean D

	15-June
	0.30
	0.32
	0.29
	0.30

	30-June
	0.32
	0.34
	0.31
	0.32

	15-July
	0.34
	0.36
	0.33
	0.34

	30-July
	0.29
	0.30
	0.28
	0.29

	14-August
	0.28
	0.29
	0.27
	0.28

	Mean V
	0.31
	0.32
	0.30
	

	
	Factor (D)
	Factor (V)
	Factor (V) at same level of D
	Factor (D) at same level of V

	C.D. at 5%
	NS
	NS
	NS
	NS

	SE(m)
	0.00
	0.00
	0.01
	0.01


Table 6: Effect of planting dates and varieties on Ascorbic acid content (mg/100g) of fruits of okra
	Ascorbic acid (mg/100g)

	Treatments
	Varieties
	

	Date of sowing
	Varsha Uphar
	Hisar Naveen
	Hisar Unnat
	Mean D

	15-June
	20.03
	20.89
	19.89
	20.27

	30-June
	20.41
	20.93
	20.01
	20.45

	15-July
	20.66
	21.03
	20.33
	20.67

	30-July
	20.87
	21.13
	20.51
	20.84

	14-August
	21.02
	21.27
	20.90
	21.07

	Mean V
	20.60
	21.05
	20.33
	

	
	Factor (D)
	Factor (V)
	Factor (V)  at same level of D
	Factor (D) at same level of V

	C.D. at 5%
	0.48
	0.56
	NS
	NS

	SE(m)
	0.15
	0.19
	0.25
	0.37


All the quality parameters like dry matter (%), ash content (%) and ascorbic acid content (mg), are significantly influenced by date of sowing and varieties except acidity (%). Ascorbic acid content was found negatively correlated with temperature, i.e., an increase in temperature decreases the ascorbic acid content. A significant increase in the ascorbic acid content in the okra fruits was observed on 15th June date of sowing and the percentage of ascorbic acid content was consequently increased under later sown conditions. However, there was no significant difference on acidity. Singh et al. (2015) also observed similar results in tomato. Oyetade et al. (2012) also reported that there was an increase in ascorbic acid content with a decrease in storage temperature. Among different cultivars, Hisar Naveen showed the maximum ascorbic acid content (21.05 mg) which was statistically at par with Varsha Uphar (20.60 mg) and minimum (20.33 mg) was recorded in Hisar Unnat. Similarly, Biswas et al. (2016) reported that among the okra genotypes the ascorbic acid content varied significantly. The maximum ascorbic acid content was recorded in Nabik which was statistically identical to Hybrid Moti while the minimum ascorbic acid content was observed in Green Hybrid. Kokare et al. (2006) also observed the highest amount of ascorbic acid content (17.35 mg/100) in okra. A similar result was observed by Meena et al. (2010) in tomato.
Ash content was directly correlated with dry matter content and was found significantly higher (8.6% and 12.41 %, respectively) on 15th July sown crop followed by 15th June and 30th June, while, minimum (8.1 % and 11.11 %, respectively) was recorded on 14th August. Ash content is very vital factor for plant growth and development due to the absorption of more elements from the soil. Similar findings were recorded by Singh et al. (2018) in okra. Whereas, among various cultivars, Hisar Naveen showed the maximum ash and dry matter content (8.4 % and   12.29 %, respectively) which was followed by Varsha Uphar and the minimum was recorded in Hisar Unnat (8.2 % and 11.47 %, respectively). Biswas et al. (2016) also observed that dry matter varied significantly among the okra genotypes. The findings are in close conformity with Naz et al. (2009) in okra.
4. Conclusion 
· Based on the present study it may be concluded that less infestation (12.5 %) of YVMV (Yellow Vein Mosaic Virus) and okra fruit quality parameters i.e. Dry  matter (12.41 %), ash content (8.6 %) and titrable acidity (0.34 %) were recorded maximum when Hisar Naveen was sown on 15th July which was statistically at par with the 30th June date of sowing, whereas the maximum ascorbic acid content in okra fruit was recorded when Hisar Naveen was sown on 14th August under Haryana conditions.
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30 DAS	15-June	30-June	15-July	30-July	15-August	VARSHA UPHAR	HISAR NAVEEN	HISAR UNNAT	1.3	2.2999999999999998	3.1	4	4.3	3.1	1.4	4.5	40 DAS	15-June	30-June	15-July	30-July	15-August	VARSHA UPHAR	HISAR NAVEEN	HISAR UNNAT	3.3	4.5	5.3	6.1	6.8	5.4	2.6	7.6	60 DAS	15-June	30-June	15-July	30-July	15-August	VARSHA UPHAR	HISAR NAVEEN	HISAR UNNAT	6.5	7.5	8.5	10	11.1	7.6	6.4	12.2	75 DAS	15-June	30-June	15-July	30-July	15-August	VARSHA UPHAR	HISAR NAVEEN	HISAR UNNAT	9.8000000000000007	11.4	12.5	14.7	16.3	12.3	9.2000000000000011	13.6	Date of sowing and Varieties

Infestation of  YVMV (PDI)





