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Effect of Spacing and Date of transplanting on growth and yield Rice ( Oryza sativa L.) Variety Kalanamak 


Abstract 
Transplanting rice in the optimum period of time is critical to achieve high grain yield. However, optimum rice planting dates are regional and vary with location and genotypes. Rice plants require a particular temperature for its phonological affair such as panicle initiation, flowering, panicle exertions from flag leaf sheath and maturity and these are very much influenced by the planting dates during India season. The present study determines the effect of Spacing and Date of Transplanting on Growth and Yield Rice (Oryza Sativa L.) V. Kalanamak. A field experiment was conducted during Kharif season of 2025 at Crop Research Farm Department of Agronomy, Naini Agriculture Institute, Sam Higginbottom University of Agriculture Technology and Sciences. The treatments consisted of 20 cm x 20 cm, 25 x 15 cm and 30 x 10 cm representing space and 08 July, 18 July and 28 July as different transplanting dates. The experiment was laid out in a Randomized Block Design with 10 treatments and replicated thrice. The obtained results revealed that the highest values of plant height (76.67 cm), number of tillers/hill (22.00), plant dry weight (99.13 g), number of effective tillers/m2 (162.86), number of Panicle / hill (10.61), no. of seed/ panicles (91.72), grain yield (5.78 t/ha) and straw yield (14.89t/ha) test weight (18.75g), Index (31.75) were detected with seedling transplanted at 08 July with spacing 20 cm x20 cm. Sowing prior to the optimum planting window generally results in delayed germination and emergence, poor crop establishment, and increased susceptibility to soil-borne seedling diseases. In contrast, transplanting within the recommended time frame promotes uniform crop establishment, better tillering, and improved physiological efficiency, ultimately leading to enhanced yield performance. These findings underscore the importance of optimising both planting geometry and transplanting time as key agronomic practices for improving rice productivity under field conditions.
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Introduction
Rice (Oryza sativa L.) belongs to poaceae family and genus Oryza with chromosome number i.e. 2n = 24, considered as one of the important cereals crop mainly grown in kharif season and play very significant role in Indian food security. Rice cultivation is highly affected in many parts of the world due to climate change impacts such as unwanted heavy rains, delays in the onset of the rainy season as well as any other means.  The establishment of overaged seedlings is a great challenge faced by small and marginal rice growers in lowland areas resulting in high yield loss. To counter the challenge as well as to get yield advantage, the traditional transplanting method is gaining popularity again as a contingency approach to mitigate climate change effects. This method allows flexibility in transplanting date as well as produces tall, robust, and healthy seedlings which get established well in the main field as compared to transplanting of same-aged seedlings (Biswas et al., 2023). In India, West Bengal is the top-producing state followed by Uttar Pradesh, Punjab and Orissa. It is grown over an area of 43.90 million hectares having production of 114.45 million tonnes, with an average yield of 2607 kg/ha. In Uttar Pradesh, it is grown on 5.70 million hectares area with a production of 11.72 million tones and a yield of 2679 kg/ha. (Agricultural Statistics at a Glance 2022, Department of Agriculture & Farmer Welfares). Rice (Oryza sativa L.) is the world's most important food crops of Asian origin, belongs to genus Oryza of family Graminae (Poaceae). The genus includes 24 species of which 22 are wild and two viz. Oryza sativa L. and Oryza glaberrima, are cultivated. India has 43.77 m. ha. area under rice with a production of 96.43 m. tones (Agri. Statistics at a Glance, 2008). India's share in the world rice production is 21.6%. India holds 2nd and China 1st position in rice production in the world (FAO, 2007). Spacing and transplanting plays a critical role in optimizing rice cultivation practices, ensuring efficient resource utilization, minimizing risks, and maximizing yields. Farmers carefully consider spacing as part of their crop management strategies to achieve optimal results in rice production (Singh et al., 2024).
Rice (Oryza sativa L.) is an important food for the majority of people in the world and it is also called as the prince of the cereals. It is an important food grain crop grown extensively in tropical and subtropical regions of the world. About 90 per cent of all rice grown in the world is produced and consumed in the Asian region. Rice production always plays a key role in the global food situation, as well as in commercial and industrial preparations.
Rice is an excellent source of carbohydrates and protein of regular human diet. It is a staple food of more than two-thirds of the world population. The slogan "Rice is life" is most appropriate for India as this crop plays a vital role in our national food security and is a means of livelihood for millions of rural people of India. It is cultivated under different situation that is from below sea level (Kerala) to about 2000 m altitude (Himalayan region) from 8°N latitude (Kanyakumari) to 32°N latitude (Kashmir) in the region.
Rice is the staple food of more than 60% of the Indian population. It accounts for about 43% of total food grain production and 46 % of total cereal production in the country. In order to meet the domestic demand of the increasing population, the present-day production of 99 million tonnes (2008) of milled rice has to be increased to130 million tonnes by the year 2025. In Uttar Pradesh the area under rice is 5.63 m ha, production of 11.94 mt and productivity of 21.20 Q/ha (2011).
Systematic, goal-oriented and time-bound research on hybrid rice in India began in 1989, through a national network project. The project was strengthened further with funding from the United Nations Development Programme, Asian Development Bank and the World Bank. Concerted efforts by researchers from national agricultural research and extension systems, along with technical backstopping, provision of genetic materials by IRRI and generous funding by donors allowed India to become the second country in the world, after China, to commercialize hybrid rice technology. The first set of hybrids was released in 1994 and up to 2011 46 hybrids had been released in India and released hybrids in U.P. included PHB-71, Pant Sankar Dhan-1, PA6444, Pusa R.H.-10 etc. More than 70% of these hybrids have either one or both parents bred at IRRI. The effective use of the rice breeding materials has resulted in the rapid development and dissemination of hybrid rice technology in India. In India, in 2008, hybrid rice occupied 1.4 million hectares of area and contributed an additional rice production of about 1.5 to 2.5 million tonnes. Besides China and India, the hybrid rice technology has also been adopted in other countries of the world. Initially, the experimental hybrids are developed by the centre's included in the Hybrid Rice Research Network.
Transplanting rice in the optimum period of time is critical to achieve high grain yield. However, optimum rice planting dates are regional and vary with location and genotypes (Bruns and Abbas, 2006; Sha and Linscombe, 2005). Rice plants require a particular temperature for its phonological affair such as panicle initiation, flowering, panicle exertions from flag leaf sheath and maturity and these are very much influenced by the planting dates during India season. Rice seeded before the window of optimum dates usually has slow germination and emergence, poor stand establishment and increased damage from soil-borne seedling diseases.
There are many scented rice cultivars, among them Kalanamak is one of the finest quality scented rice of India (Chaudhary et al., 2008). Kalanamak rice has a glycaemic index 49% – 52% but other rice contains 85%. The kalanamak rice is rich in micronutrients like Iron and Zinc i.e. 3 mg and 0.4 mg, respectively (Chaudhary et al., 2020). It has a low glycaemic index, thus better for diabetic people and also has higher protein content when compared to other paddy varieties. It derives its name from black husk (kala = black) and suffix `namak’ means salt. Kalanamak has also received the Geographical Indication (GI) mark for 11 districts of U.P.
Kalanamak Kiran was developed from the cross KN3 x Swarna Sub1 and notified in 2029 as Kalanamak Kiran by the central Variety Release and Notification Committee of Government of India. (Chaudhary et al., 2009). The present study determines the effect of Spacing and Date of Transplanting on Growth and Yield Rice (Oryza Sativa L.) V. Kalanamak.

Materials and Methods
The present study was conducted at Crop Research Farm, Department of Agronomy, Naini Agriculture Institute, Sam Higginbottom University of Agriculture Technology and Sciences, Prayagraj, Uttar Pradesh, during Kharif season of 2025. The details of the procedures adopted for raising the crop and the criteria used for treatment evaluation and methods adopted during the course of investigation are presented in this chapter are summarised here under the following heads. The experiment was conducted during the kharif season 2025, at the Crop Research Farm (CRF), Department of Agronomy, Naini Agricultural Institute, SHUATS, Prayagraj (U.P.), which is located at 25°39' 42"N latitude, 81° 67 56" E longitude, and 98 m altitude above the mean sea level (MSL). This area is situated on the right side of the river Yamuna by the side of Prayagraj Rewa Road, about 5 km away from Prayagraj (U.P) city. The facilities required for crop cultivation were available. Soil at the location was classified as sandy loam, with pH of 7.3, coupled with a lack of organic carbon (0.60%), and available Nitrogen (225 kg/ha), Phosphorus (38.2 kg/ha), and Potassium (240.7 kg/ha). 
The effect of three plant spacing (15X15, 20X20 and 25x25cm between plants and rows) on grain yield and yield components of four introduced upland rice varieties (N22, Moroberekan, Kinandang Patong and Azucena) and the local variety Anber as a check variety. A factorial experiment using a randomized complete block design with three replications was conducted under aerobic conditions. Results revealed that spacing significantly (P<0.01) on plant height, flag leaf area, and panicle number. The plant density of 15 x 15 cm treatment was the highest with 4.71 tonnes per ha. (t.ha-1), while the 25 x25 cm treatment had the lowest with 4.09 tonnes per hectare(Singh et al.; 2023).
The treatments comprised of three sowing dates (3rd July, 8th July and 13th July) in main plots and 5 varieties (Danteshwari, Vandana, IR 64, PS-3 and PS-5) in subplots. The varieties were sown by direct seeding on 3rd, 8th and 13th July. Nitrogen, phosphorus, potassium, and zinc were applied at 100:60:40 kg of N: P: K/ha, respectively, in each plot in the form of urea, single super phosphate and muriate of potash.
[bookmark: _Hlk205716755]The experiment was laid out in Randomized Block Design. The treatment combinations are : T1 :20cm x 20 cm + 8 July, T2 :20cm x 20 cm +18July, T3 :20cm x 20 cm +28July, T4 :25 x 15 cm + 8 July,  T5 :25 x 15 cm + 18 July T6 :25 x 15 cm + 28 July, T7 :30 x 10 cm + 8 July T8 :30 x 10 cm + 18 July, T9 :30 x 10 cm + 28 July, T10 :Control ( N-P-K : 120-60-60 kg/ha). Data collected on various crop characteristics, such as plant height (cm), dry weight of plant (g), Crop growth rate (g/m2/day), Relative growth rate (g/g/day), Number of tiller/hill, Effective tillers/m2, Number of panicle /hill, Test weight(g), Seed yield(t/ha) and harvest index were statistically evaluated using the analysis of variance technique as outlined by Patel et al. (2022).  Economics were also calculated, viz., Cost of cultivation, Gross return, Net return and benefit-cost ratio.

Result and Discussion 
Growth and Yield attributes:
Plant height (cm): -
At 100 DAS, significantly higher plant height (76.67 cm) was recorded in treatment 1 [20cm x 20 cm + 08 July] (Table 1). However, treatment 2 [20cm x 20 cm + 18 July], Treatment 3 [20 x 20 cm + 28 July ], Treatment 5 [25 x 15 cm + 18 July], Treatment 6[25 x 15 cm + 28 July], Treatment 8 [30 x 10 cm + 18 July], Treatment 9 [30 x 10 cm + 28 July] was found statistically at par with treatment 1 [20cm x 20 cm + 08 July]. The obtained results showed that rice, with respect of other growth attributes such as plant height, was recorded significantly higher with (20 cm x 20 cm) over rest of the planting geometry. This might be due to the availability of more plants to utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported elsewhere (Pol 2003, and Rasool et al. 2013).

Number of tiller/hill: -
At 100 DAS, a significantly higher number of tillers/hill (76.67 cm) was recorded in treatment 1 [20cm x 20 cm + 08 July]. However, treatment 2 [20cm x 20 cm + 18 July], Treatment 3 [20 x 20 cm + 28 July ], Treatment 4 [25 x 15 cm + 08 July], Treatment 6[25 x 15 cm + 28 July], Treatment 8 [30 x 10 cm + 18 July], Treatment 9 [30 x 10 cm + 28 July] was found statically at par with treatment 1 [20cm x 20 cm + 08 July]. The results obtained reflected that among rice, the number of tillers was affected by the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings than rest of age of seedlings. Similar observations were reported by Kumar et al., (2002), Jain and Upadhyay (2008), Salem et al., (2011), Patra and Haque (2011), Aggarwal and Singh (2015), Pramanik and Bera (2015). Further growth attributes such as the number of tillers (m-2), were significantly higher with (30 cm x 10 cm) over rest of the planting geometry. This might be due to the availability of more plant for utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported by Nayak et al., (2003) and Pol (2003).

Plant Dry Weight(g): -
                   At 100 DAS, significantly higher plant dry weight (99.13 g) was recorded in treatment 1 [20cm x 20 cm + 08 July]. However, treatment 2 [20cm x 20 cm + 18 July], Treatment 3 [20 x 20 cm + 28 July ], Treatment 4 [25 x 15 cm + 08 July], Treatment 5 [25 x 15 cm + 18 July], Treatment  7 [30 x 10 cm + 08 July] and Treatment 8 [30 x 10 cm + 18 July] was found statically at par with treatment 1 [20cm x 20 cm + 08 July]. The results obtained that among rice in respect the dry matter production was significantly higher under in the order of significance. Kumar et al., (2002) and Aggarwal and Singh (2015) reported the similar results. Further results revealed that among rice in respect of other growth attributes such as dry matter was recorded significantly higher with (30 cm x 10 cm) over rest of planting geometry. This might be due to the availability of more plant for utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported Pawar (2017)


Crop growth rate (g/m2/day): -
During 80-100 intervals DAS, the highest crop growth rate (13.33 g/m2/ day) was observed in treatment 1 [20cm X 20 cm + 08 July  ]. However, there was found no significant difference was found among all the treatments.  

Relative growth rate (g/g/day): -
            At 80-100 intervals DAT, a higher relative growth rate (0.0042g/g/day) was recorded in treatment 1 [20cm X 20 cm + 08 July] However, there was found no significant difference was found among all the treatments.

Effective tillers/m2 :-
[bookmark: _Hlk216479221]          At harvest, treatment 1 (20cm X 20 cm + 08 July ) was recorded significant and maximum effective tillers/m2 (162.86) which was superior over all other treatments. The significantly higher number of seed/plant is attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings (28 days old) than the older seedlings. Pramanik and Bera (2013) reported similar results. Further, the results revealed that among rice in respect of other seed/plant, such as plant height, was recorded significantly higher with (30 cm x 10 cm) over rest of the planting geometry. This might be due to the availability of more plants to utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported Pol (2003) and Rasool et al., (2013).
Number of panicle /hill: -
         At harvest, treatment 1 (20cm X 20 cm + 08 July) was recorded as significant and maximum Number of panicle/hill (10.61) which was superior over all other treatments. However, treatment 2 (20cm X 20 cm + 18 July), Treatment 4 [25 x 15 cm + 08 July], Treatment 8 [30 x 10 cm + 18 July] and Treatment 10 [Control]was shown statistically at par with treatment 1 (20cm X 20 cm + 08 July). The significant and higher number of panicle/hill is attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings (28 days old) than the older seedlings. Chaudhari et al., (2015) and Vishwakarma et al., (2016) reported similar results. Further the results revealed that among rice in respect of other Panicle/hill such as plant height was recorded significantly higher with (30 cm x 10 cm) over rest of planting geometry. This might be due to the availability of more plant for utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported Pol (2003) and Rasool et al., (2013).

Number of seed/panicle :-
        At harvest, treatment 1 (20cm X 20 cm + 08 July) was recorded significant and maximum number of seed/panicle (91.72) which was superior over all other treatments. However, the treatment2 (20cm X 20 cm + 18 July), Treatment 4 [25 x 15 cm + 08 July], Treatment 5 [25 x 15 cm + 18 July], Treatment 8 [30 x 10 cm + 18 July], Treatment 9 [30 x 10 cm + 28 July] and Treatment 10 [Control]was shown statistically at par with the treatment (20cm X 20 cm + 08 July).The significant and higher number of seed/panicle attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings (28 days old) than the older seedlings. Vishwakarma et al., (2015) reported similar results. Further the results revealed that among rice in respect of other Seed/Panicle such as plant height was recorded significantly higher with (30 cm x 10 cm) over rest of planting geometry. This might be due to the availability of more plant for utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported Pol (2003) and Rasool et al., (2013).

Test weight(g) :-
          At harvest, highest test weight (18.38 g) was recorded in treatment 1 (20cm X 20 cm + 08 July), However, the treatment 2 (20cm X 20 cm + 18 July) Treatment 3 [20 x 20 cm + 28 July ], Treatment 4 [25 x 15 cm + 08 July], Treatment 5 [25 x 15 cm + 18 July], Treatment 6[25 x 15 cm + 28 July],  Treatment  7 [30 x 10 cm + 08 July], Treatment 8 [30 x 10 cm + 18 July] and Treatment 10 [Control]was shown statistically at par with the treatment 1 (20cm X 20 cm + 08 July).The significant and higher number of test weight attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings (28 days old) than the older seedlings. Chaudhari et al., (2015) reported similar results.

Seed yield(t/ha):-
         At harvest, treatment 1 (20cm X 20 cm + 08 July ) was recorded significantly maximum seed yield (5.78 t/ha) which was superior over all other treatments. However, the treatment 2 (20cm X 20 cm + 18 July), Treatment 4 [25 x 15 cm + 08 July], Treatment 8 [30 x 10 cm + 18 July], Treatment 9 [30 x 10 cm + 28 July] and Treatment 10 [Control]was shown statistically at par with the treatment 1 (20cm X 20 cm + 08 July).The significant and higher number of seed yield attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings (28 days old) than the older seedlings. Chaudhari et al., (2015) and Vishwakarma et al., (2015) reported similar results. Further the results revealed that among rice in respect of other seed yield such as plant height was recorded significantly higher with (30 cm x 10 cm) over rest of planting geometry. This might be due to the availability of more plant for utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported Pol (2003) and Rasool et al., (2013).

Straw yield (t/ha)

       At harvest, treatment 1 (20cm X 20 cm + 08 July) was recorded significantly maximum stover yield (14.89 t/ha) which was superior over all other treatments. However, the treatment (20cn X 20 cm + 18 July) , Treatment 8 [30 x 10 cm + 18 July], Treatment 9 [30 x 10 cm + 28 Julyand was shown statistically at par with the treatment1 (20cm X 20 cm + 08 July).The significant and higher number of stover yield attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under young seedlings (28 days old) than the older seedlings. Chaudhari et al., (2015) and Vishwakarma et al., (2015) reported similar results. Further the results revealed that among rice in respect of other stover yield such as plant height was recorded significantly higher with (30 cm x 10 cm) over rest of planting geometry. This might be due to the availability of more plant for utilize resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to dry matter were reported Pol (2003) and Rasool et al., (2013).

Harvest index(%):-
          At harvest, highest test weight (31.75%) was recorded in treatment (20cm X 20 cm + 08 July ), though there was no significant difference among the treatments.

Conclusion 

[bookmark: _GoBack]It is concluded that in rice spacing 20 cmx20 cm along with the transplanting date 08 July recorded highest yield and benefit cost ratio. These findings underscore the importance of optimising both planting geometry and transplanting time as key agronomic practices for improving rice productivity under field conditions.
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Table 1. Effect of of Spacing and Date of Transplanting on Growth attributes of Rice:
	
	
	
	                                                100DAT

	S.No
	Treatment Combinations
	Plant height(cm)
	
Number of tillers/hill
	Dry weight(g)
	Crop Growth Rate (CGR) (g/m2/day)
	Relative Growth Rate (RGR) (g/m2/day)

	1       
	                                                  20 X 20 cm + 08 July  	
	76.67
	22.00
	99.13
	13.33
	0.0042

	2
	                                                  20 x 20 cm + 18 July	
	74.33
	21.87
	97.95
	13.33
	0.0043

	3
	                                                  20 x 20 cm + 28 July	
	71.93
	20.93
	93.47
	13.33
	0.0045

	4
	                                                  25 x 15 cm + 08 July	
	59.93
	21.13
	90.45
	13.34
	0.0046

	5
	                                                  25 x 15 cm + 18 July	
	71.80
	20.33
	92.87
	13.33
	0.0045

	6
	                                                  25 x 15 cm + 28 July	
	70.07
	20.47
	88.55
	5.49
	0.0018

	7 
	                                                  30 x 10 cm + 08 July	
	64.00
	21.13
	92.51
	18.94
	0.0067

	8
	                                                  30 x 10 cm + 18 July	
	71.87
	20.93
	94.29
	16.08
	0.0055

	9
	                                                 30 x 10 cm + 28 July	
	68.67
	20.60
	89.71
	9.77
	0.0033

	10
	                                                  Control
	62.07
	20.13
	87.82
	13.33
	0.0048

	
	 F test	
	S
	S
	S
	NS
	NS

	
	SEm(±)	
	2.99
	0.55
	2.68
	-
	-

	
	CD (P=0.05 )	
	8.91
	1.65
	7.98
	-
	-



Table 2 Effect of Spacing and Date of Transplanting on yield attributes and yield of Rice.
	
S.No.	Treatment combination
	Effective tillers/m2
	No. of Panicle/hill
	No. of Seed/Panicle
	Test
weight (g)
	Seed Yield (t/ha)
	Straw Yield (t/ha)
	Harvest
Index (%)

	    1.	            20 X 20 cm + 08 July  
	162.86
	10.61
	91.72
	18.75
	5.78
	14.89
	31.75

	    2.	           20 X 20 cm + 18 July  
	150.93
	9.75
	87.43
	18.69
	5.58
	13.96
	31.16

	    3.	           20 X 20 cm + 28 July  
	75.4
	8.71
	68.47
	17.58
	2.68
	9.67
	26.25

	    4. 	           25 X 15 cm + 08 July  
	128.68
	9.58
	85.48
	17.62
	5.41
	10.81
	25.49

	    5.	           25 X 15 cm + 18 July  
	107.9
	7.82
	83.4
	17.38
	3.45
	11.24
	27.99

	    6.	           25 X 15 cm + 28 July  
	65.3
	7.95
	65.32
	17.99
	3.89
	11.1
	26.57

	    7.	           30 X 10 cm + 08 July  
	95.55
	8.71
	69.08
	17.34
	4.44
	12.1
	27.96

	    8.	           30 X 10 cm + 18 July  
	83.19
	9.33
	76.68
	17.77
	5.44
	13.09
	30.57

	    9.	           30 X 10 cm + 28 July  
	107.28
	6.24
	82.09
	16.49
	4.98
	13.79
	22.42

	10.	Control plot
	84.03
	9.35
	82.47
	18.38
	5.2
	9.29
	31.08

	F-test
	S
	S
	S
	S
	S
	S
	NS

	SEm(±)
	1.12
	0.46
	5.09
	0.65
	0.41
	0.78
	-

	CD (p=0.05)
	3.32
	1.38
	15.11
	1.92
	1.21
	2.32
	-
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