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Abstract – 
The experiment was planned and conducted during 2019-20 to find out the specific sowing duration along with proper sowing distance to gain optimum yield and quality of Ajwain (Trachyspermum ammi (L.) Sprague).Three sowing dates (15, 23 and 30 of August) and three spacings  (60 x 10, 75 x 30 and 90 x 45 cm). Plant attributes like plant height, number of primary, secondary branches per plant, chlorophyll content and growth parameters were recorded. Early sown crop with spacing was significant over other duration and densities.
Keywords – Seasonal variation, Sowing Dates, Row Spacing, Densities, Growth Attributes, Ajwain, Marathwada.
Introduction 
Ajwain (Trachyspermum ammi L. Sprague) belongs to family Apiaceae is a native of Egypt and is a popular seed spice crop in India. It is an annual herbaceous plant bearing small egg shaped grayish brown fruits. The major Ajwain producing countries are India, Persia, Iran, Egypt, Afghanistan, Pakistan and North Africa. In India its production is concentrated mainly in Rajasthan, Gujarat, Andhra Pradesh, Madhya Pradesh, Bihar, Uttar Pradesh, Tamil Nadu and West Bengal. The major importing countries for Indian Ajwain are Dubai, Yeman, Malasiya, Indonesia, Singapur, Pakistan, Saudi Arabia, UAE and USA (Meena et al. 2009).
Ajwain owes its characteristic odour and taste to the presence of an essential oil (2-4 %). Other constituents in the seeds include sugars, tannins and glycosides. It is a cold loving crop and mainly grown during rabi season in India. In some pockets of the country, it is also grown as kharif crop. Moderately cool and dry climate favors good plant growth and flowering. Avoidance of high humidity especially after flowering is beneficial. Continuous moist and cloudy weather invites insect – pests and a number of diseases. It needs a temperature between 15-27 ℃ with relative humidity of 60-70% during its growth period and requires relatively warm weather during seed development 
Ajwain can adapt to a variety of soil types but thrives best in well-drained loamy soils. While the crop is tolerant of some salinity, it consistently produces higher yields and better-quality leaves when grown in neutral soils with a pH between 6.5 and 7.5. Therefore, it is advisable to avoid cultivating ajwain in problematic soils such as saline, alkaline, or acidic soils.. 
Since Ajwain is the photosensitive in nature, therefore, time of sowing proved to be the single most important factor which affect the yield of crop. Early as well as late sown crop reduced growth and also the yield. The date of sowing is the important factor in Ajwain production. The germination depends upon the temperature and quality of seed sown. The seeds harvested from early or late crops are not uniform in size because of un-uniform development of the seed under varying environmental conditions to which they are exposed. Therefore, it is necessary to know the right time of sowing to get highest return for the production of high quality seeds of Ajwain. Optimum plant spacing is an important non cash input which directly influence the productivity and profitability. It avoids intra spacing competition, co-operative and competitive interaction. It has vital role for interception of sunlight into plant canopy. 
Furthermore, there is no data  about  the  best  planting  date  for  optimizing  the  yield of Ajwain at the climatic regions of Maharashtra. Therefore this study aimed to determine the determination of the optimum sowing date and plant density of Ajwain for achievement of maximum seed yields under the conditions of the Marathwada region of Maharashtra. Cultivation of Ajwain crop particularly in Marathwada region is very first time and new technology for farmers.
Materials and Methods – 
The experimental site was located at Parbhani , a district of Marathwada region of Maharashtra having tropical climate characterized by hot and dry in summer and cold in winter. Agro climatically it is classified as assured rainfall zone. The average annual precipitation during season was 772.35 mm, temperature varied from minimum 12.3℃ to maximum 35.3℃ and relative humidity was recorded from 20 percent to 92 percent during the experiment. 

Experiment design and cultural practices

In this experiment Factorial Randomized Block Design was used and divided into three replications. Three sowing dates (15, 23 and 30 of August) was applied with three plant spacings (60 × 10, 75 × 30 and 90 × 45 cm). The distances between plots and between blocks was 1 m and 2 m respectively. Recommended variety of Ajwain AA 01-19  was used. The seedling depth 0.5 cm before sowing and the soil was leveled with  NPK at rate of 80:40:40 kg/ha  , nitrogen as in two splits as basal and top was applied. Planting of seeds was done manually. At 3-4 leaf stage, the seedlings were thinned with expected densities. Hand weeding was applied for eradication of weeds. There was no any occurrence of pests and diseases during crop growth. Along with cultural practices and essential minimum irrigation during the crop growth period we made an attempt for Ajwain cultivation in Marathwada region of Maharashtra (INDIA).

Plant identification and statistical analysis

In order to determine the yield and other characters under varying plant densities and sowing dates, a number of plant samples was taken by 1 m2. Primer and edge plants were discarded and remaining rows were harvested. All plots were evaluated on same basis. In order to measure the seed yield and total dry matter, plants were harvested at physiological maturity stage when seeds turn into little yellow –brownish with pungent test and aroma. Five plants were randomly selected from each plot to measure the number of umbrella per plant and plant height. Three umbrellas from each plant were selected and the number of seeds were counted. Harvest index was computed as the ratio of the seed yield to above ground dry matter at harvest. Analysis of variance (ANOVA) was used to determine the significant differences. 

Result & Discussion -
A. Vegetative Growth Characters:
The data regarding vegetative growth characters as influenced by different dates of sowing, plant spacing and their interactions are described under following heads:
1 Plant height (cm):
Critical analysis of data towards plant height as influenced by different date of sowing and various spacing are presented in the Table no.1. 
1.1 Effects of dates of sowing:
The sowing time had a significant influence on plant height. The height of Ajwain crop was recorded periodically at different date of sowing D1 (15th August), D2 (23rd August) and D3 (30th August) at harvest respectively. The maximum height was found (98 cm) with sowing time at D1 (15th August) while D3 (30th August) recorded significantly minimum height (88.78 cm) of plant at maturity stage.  The above findings are in agreement with Sudheendram et al. (1993), Sedigheh et al. (2009), Mohhamad jawad, et al. (2014), Torabi Ali et al. (2014).
1.2 Effects of different spacings:
The effect of spacings on plant height was found non-significant at all stages during the crop growth. At maturity plant height was recorded from (S1) 98.26 cm, (S2) 91.13 cm and (S3) 89.46 cm in different plant spacings. The similar results were recorded by Vazalova et al. (1988), Randhawa et al. (1995), Masood et al. (2004), Imtiaz et al. (2017).
1.3 Interaction:
The interaction effect between different date of sowing and various spacing was found to be non-significant in respect to plant height.
 

Table No. 1:  Mean data for plant height at various stages.
	Treatment
	Growth stages

	
	Vegetative stage
	Flowering Stage
	Maturity stage

	Date of sowing (D)
	
	
	

	D1 (15th August)
	18.42
	81.86
	98

	D2 (23rd August)
	10.66
	77.77
	92.08

	D3(30th August)
	9.49
	74.33
	88.78

	SE
	0.83
	1.49
	1.37

	CD at 5%
	2.52
	4.50
	4.14

	Spacing (S)
	
	
	

	S1 (60 × 10 cm)
	17.86
	84.95
	98.26

	S2 (75 × 30 cm)
	10.72
	77.34
	91.13

	S3 (90 × 45 cm)
	10
	71.67
	89.46

	SE
	0.83
	1.49
	1.37

	CD at 5%
	2.52
	4.50
	4.14

	Interaction (D×S)
	
	
	

	D₁S₁
	20.48
	89.85
	101.40

	D₁S₂
	17.73
	81.03
	99.26

	D₁S₃
	17.06
	74.70
	93.33

	D₂S₁
	16.73
	84.60
	99.17

	D₂S₂
	8.26
	76.96
	89

	D₂S₃
	7
	71.74
	88.06

	D₃S₁
	16.37
	80.41
	94.21

	D₃S₂
	6.16
	74.03
	85.13

	D₃S₃
	5.53
	68.56
	87

	SE±
	1.44
	2.58
	2.37

	CD at 5%
	NS
	NS
	NS

	G. Mean
	12.86
	77.99
	92.95






2. Number of primary branches:

Data regarding the number of primary branches per plant of Ajwain as influenced by different date of sowing and various spacing are presented in Table no. 2.
2.1 Date of sowing 
The sowing time had a significant influence on number of primary branches per plant. The primary branches of Ajwain crop were recorded periodically at different date of sowing D1 (15th August), D2 (23rd August) and D3 (30th August) at harvest respectively. The maximum number of primary branches was found (13.66) with sowing time at D1 (15th August) While D3 (30th August) recorded significantly minimum primary branches (10.03) of plant at maturity stage. Similar results were reported by Behnaz S.et al. (2011), Mohhamad jawad, et al. (2014), Lal G. et al.  (2017).

2.2 Effects of Spacing:
The effect of spacings on of primary branches per plant was found significant at all stages during the crop growth. At maturity plant height was recorded from (S1) 10.72, (S2) 10.93 and (S3) 13.73 in different plant spacings. These results are in conformation with the result reported by Muvel et al. (2015), Ammen Ahmed et al. (1988), and Ajay et al. (2016).
2.3 Interaction:
The interaction effect between different date of sowing and various spacing was found to be non-significant in respect number of primary branches per plant.


Table 2 :Mean data for primary branches.

	Treatment
	Growth stages

	
	Vegetative stage
	Flowering Stage
	Maturity stage

	Date of sowing (D)
	
	
	

	D1 (15th August)
	7.58
	11.41
	13.66

	D2 (23rd August)
	5.36
	8.91
	11.68

	D3(30th August)
	5.41
	7.88
	10.03

	SE
	0.19
	0.24
	0.64

	CD at 5%
	0.59
	0.72
	1.91

	Spacing (S)
	
	
	

	S1 (60 × 10 cm)
	5.63
	8.45
	10.72

	S2 (75 × 30 cm)
	5.85
	8.73
	10.93

	S3 (90 × 45 cm)
	6.87
	11.03
	13.73

	SE
	0.19
	0.24
	0.64

	CD at 5%
	0.51
	0.72
	1.91

	Interaction (D×S)
	
	
	

	D₁S₁
	7.22
	10.4
	11.33

	D₁S₂
	7.36
	11.46 
	11.94

	D₁S₃
	8.16
	12.37
	17.73

	D₂S₁
	4.6
	8.13
	11.13

	D₂S₂
	4.86
	7.87
	10.53

	D₂S₃
	6.61
	10.75
	13.4

	D₃S₁
	5.06
	6.82
	9.7

	D₃S₂
	5.33
	6.86
	10.03

	D₃S₃
	5.83
	9.97
	10.06

	SE±
	0.34
	0.14
	1.11

	CD at 5%
	NS
	NS
	NS

	G. Mean
	6.11
	9.40
	11.79




3. Number of secondary branches
Data regarding the number of secondary branches per plant of Ajwain as influenced by different date of sowing and various spacing are presented in table and graphically depicted in Table no.3. The mean number of secondary branches per plant recorded was various growth stages of plant respectively.
3.1 Date of sowing 
The sowing time had a significant influence on number of secondary branches per plant. The secondary branches of Ajwain crop was recorded periodically at different date of sowing D1 (15th August), D2 (23rd August) and D3 (30th August) at harvest respectively. The maximum number of secondary branches was found (36.42) with sowing time at D1 (15th August) While D2 (23rd August) recorded significantly minimum secondary branches (30.37) of plant at maturity stage. The similar result and conclusions were reported by Lal G. et al.  (2017), Behnaz S. et al. (2011), Mohhamad jawad, et al. (2014).

3.2 Effects of Spacing:
The effect of spacings on of secondary branches per plant was found significant at all stages during the crop growth. At maturity plant height was recorded from (S1) 31.15, (S2) 32.90 and (S3) 34.07 in different plant spacings. These results are in conformation with the result reported by Muvel et al. (2015), Ammen Ahmed et al. (1988), and Ajay et al. (2016).
3.3 Interaction:
The interaction effect between different date of sowing and various spacing was found to be non-significant in respect number of secondary branches per plant.

Table 3 :Mean data for secondary branches.

	Treatment
	Growth stages

	
	Vegetative stage
	Flowering Stage
	Maturity stage

	Date of sowing (D)
	
	
	

	D1 (15th August)
	26.29
	29.22
	36.42

	D2 (23rd August)
	20.65
	29.09
	30.37

	D3(30th August)
	14,85
	19.99
	31.34

	SE
	0.81
	1.15
	0.58

	CD at 5%
	2.47
	3.49
	1.75

	Spacing (S)
	
	
	

	S1 (60 × 10 cm)
	14.78
	23.18
	31.15

	S2 (75 × 30 cm)
	17.04
	21.61
	32.90

	S3 (90 × 45 cm)
	29.97
	30.51
	34.07

	SE
	0.81
	1.15
	0.58

	CD at 5%
	2.47
	3.49
	1.75

	Interaction (D×S)
	
	
	

	D₁S₁
	19.55
	28.23
	34.16

	D₁S₂
	22.51
	25.7
	37.66

	D₁S₃
	36.8
	33.73
	37.42

	D₂S₁
	13.87
	23.66
	30.06

	D₂S₂
	17.21
	22.13
	29.91

	D₂S₃
	30.89
	32.48
	31.13

	D₃S₁
	10.93
	17.66
	29.21

	D₃S₂
	11.4
	17
	31.13

	D₃S₃
	22.23
	25.33
	33.67

	SE±
	1.41
	2
	1

	CD at 5%
	NS
	NS
	NS

	G. Mean
	20.60
	25.10
	32.71



B) Yield

1. Seed yield per hectare:
Data regarding seed yield as influenced by various date of sowing and spacing has been in framed in Table no. 4. It is obvious from the data presented in above Table indicate that the seed yield of Ajwain affected significantly due to various dates of sowing.
1.1 Effect Date of sowing:
The sowing time had a significant influence on seed yield per hectare. Seed yield per hectare of Ajwain crop was recorded periodically at different date of sowing D1 (15th August), D2 (23rd August) and D3 (30th August) at harvest respectively. The maximum seed yield per hectare was found (889.76) with sowing time at D1 (15th August) While D3 (30th August) recorded significantly minimum seed yield per hectare (490.20) of plant at maturity stage. The similar results were reported by Behnaz S. et al. (2011), Mohhamad jawad, et al. (2014), Lal G. et al. (2017), Sarkar et al. (2014).
1.2 Effects of different Spacing:
The effect of spacings on seed yield per hectare was found significant at all stages during the crop growth. At maturity plant height was recorded from (S1) 830.36, (S2) 703.52 and (S3) 634.33 in different plant spacings. These results are in conformation with the result reported by Avtar Singh and Randhawa (1989), Sarkar et al. (2014), Kenan et al. (2011).

Table No. 4 :Mean Data for Seed yield per hectare (Kg/ha):

	TREATMENT
	Seed yield /ha

	Date of sowing (D)
	

	D1 (15th August)
	889.76

	D2 (23rd August)
	788.23

	D3(30th August)
	490.20

	SE
	34.96

	CD at 5%
	105.72

	Spacing (S)
	

	S1 (60 × 10 cm)
	830.36

	S2 (75 × 30 cm)
	703.52

	S3 (90 × 45 cm)
	634.33

	SE
	34.96

	CD at 5%
	105.72

	Interaction (D×S)
	

	D₁S₁
	934.43

	D₁S₂
	870.23

	D₁S₃
	864.63

	D₂S₁
	957.75

	D₂S₂
	737.83

	D₂S₃
	669.13

	D₃S₁
	598.90

	D₃S₂
	502.49

	D₃S₃
	369.21

	SE±
	60.56

	CD at 5%
	NS

	G. Mean
	722.73



1.3 Interaction:
The interaction effect between different date of sowing and various spacing was found to be non-significant in respect seed yield per hectare.

Conclusion- 
The experiment evidences warrant the following specific conclusion, in general, be adopted for profitable cultivation of Ajwain under the existing climatic conditions of Marathwada region and particularly in Parbhani region. Growth parameters like plant height, number of primary, secondary branches per plant and yield attribute like seed yield per hectare were significantly higher under D1 (15th August) sowing date. Growth parameters viz. plant height was found higher under wider spacing S1 (60 x 10 cm), number of primary branches were recorded at spacing i.e. S3 (90 x 45 cm) and secondary branches per plant were found higher under wider spacing at S2 (75 x 30 cm). D1 (15th August) is the best time for sowing of Ajwain in the Marathwada region. Sowing of seeds as wider spacing i.e. S1 (60 x 10 cm) is found to be superior over S2 (75 x 30 cm) and S3 (90 x 45 cm) with regard to growth and yield of Ajwain.
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