


Effect of different transplanting dates on yield of basmati rice (Oryza sativa L.) under mid-hill conditions of Himachal Pradesh



ABSTRACT
Aims:
To assess the impact of different transplanting dates on yield attributes and productivity of basmati rice varieties under mid-hill conditions of Himachal Pradesh.	Comment by Microsoft account: Rewrite according to journal International Journal of Plant & Soil Science.
Study Design:
Randomized Block Design (RBD).
Place and Duration of Study:
The experiment was conducted during kharif 2024 at the Experimental Farm, Department of Agronomy, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur, Himachal Pradesh, India.
Methodology:
The experiment comprised three transplanting dates (5th June, 15th June and 25th June) and three varieties (Basmati-370, Kasturi Basmati and Pusa Basmati 1121) which replicated thrice. The soil of the experimental site was silty clay loam in texture, acidic in reaction and medium in available nitrogen, phosphorus and potassium. Observations were recorded on yield attributes such as number of effective tillers/m2, panicle length, weight of panicle, grain weight/panicle and 1000-grain weight, as well as yield parameters including grain yield, straw yield, biological yield and harvest index.
Results:
Transplanting on 5th June resulted in significantly higher yield attributes and yields compared to later transplanting dates. The lowest values for all parameters were recorded under 25th June transplanting. Among the varieties, Basmati-370 consistently produced significantly higher number of effective tillers/m2, superior yield attributes and higher grain, straw and biological yields compared to Kasturi Basmati and Pusa Basmati 1121. Pusa Basmati 1121 recorded the lowest performance across most parameters.
Conclusion:
Early transplanting on 5th June combined with Basmati-370 was found to be the most suitable for enhancing yield and productivity of basmati rice under mid-hill conditions of Himachal Pradesh.
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1. INTRODUCTION	Comment by Microsoft account: Add at least 5-7 references for justification of introduction part
Rice (Oryza sativa L.) is the one of the most important staple food crops feeding nearly half of the global population. It contributes significantly to food and livelihood security in most Asian countries, where more than 90 % of the world’s rice produced and consumed. India stands first in area with 51.5 m ha and second in production with 151 million tonnes with a productivity of 4.40 kg/ha, reflecting its vital role in the agricultural economy (Anonymous, 2025). In Himachal Pradesh, rice is the second major cereal after maize and is predominantly grown under mid-hill humid conditions, where climatic factors such as rainfall distribution, temperature fluctuations and relative humidity strongly governs its growth and productivity (Anonymous, 2022-23). 		Comment by Microsoft account: Recheck 
The growth of rice mainly depends on choosing the right time for transplanting because it decides how the crop will face the weather during different growth stages. Rice is a warm-loving crop and grows best when the climate is hot and humid. If the temperature or rainfall is not suitable, it can negatively affect plant height, seedling establishment, tiller formation and biomass build-up. When the crop is transplanted early, it gets more time under favourable temperature and longer days, which supports better vegetative growth. However, late transplanting exposes the crop to less sunlight and lower temperatures, which slows down growth and reduces overall plant development (Ji et al., 2007; Saseendran et al., 2000).	Comment by Microsoft account: Rewrite according to journal 
Previous studies have reported wide variation in varietal response to transplanting time due to differences in growth behaviour and genetic adaptability (Mann and Dhillon, 2021; Mehta et al., 2019). Basmati rice varieties, in particular, are sensitive to environmental variation during early growth stages due to their longer growth duration and aromatic grain quality attributes. Under mid-hill conditions of Himachal Pradesh, where rainfall patterns are erratic and temperatures gradually decline after July, optimum transplanting time becomes crucial for achieving desirable vegetative growth and biomass accumulation. Although considerable research exists on the influence of transplanting dates under plains and lowlands, limited scientific evidence is available for the mid-hill ecology where crop phenology is closely linked with microclimatic variation.	Comment by Microsoft account: Rewrite according to journal
Keeping this in view, the present investigation entitled “Effect of different transplanting times on yield of basmati rice (Oryza sativa L.) under mid-hill conditions of Himachal Pradesh” was carried out with the objective to see the response of different transplanting dates on yield of basmati rice varieties.
2. DATA AND METHODOLOGY
A field experiment was conducted during kharif 2024 at the Experimental Farm, Department of Agronomy, CSK HPKV, Palampur. The location of the experiment was 1290 meters above mean sea level at 32°6ꞌN latitude, 76°3ꞌ E longitude. During the crop growth season, the weekly maximum and minimum temperatures varied from between 35.3 °C and 7.8 °C, respectively. The total rainfall received during the crop season was 2512 mm; however, it was unevenly distributed during the early growth stages of crop. The bright sunshine hours ranged from 0.9 hours to 11.1 hours, and the mean relative humidity ranged between 26.1 to 91.8 % during the cropping season.

Fig. 1. Mean weekly meteorological data of kharif 2024 at Palampur
The soil at the site was silty clay loam, acidic in nature, with medium levels of available nitrogen, phosphorus, and potassium. 
Table 1.  Physio-chemical properties of the soil 
	Soil property
	Value
	Method

	
	

	Sand (%)
	21.5
	International pipette method (Piper, 1966)

	Silt (%)
	44.3
	

	Clay (%)
	34.2
	

	Textural class
	Silty clay loam
	

	
	
	

	pH 
	5.45
	 1: 2.5 Soil: water suspension (Jackson,    1967)

	Organic carbon (%)
	0.74
	Rapid titration method (Walkley and Black, 1934)

	Available Nitrogen (kg/ha)
	288.2
	Alkaline permanganate method (Subbiah and Asija, 1956)

	Available Phosphorus (kg/ha)
	23.9
	0.5 NaHCO3 extraction (Olsen et al. 1954)

	Available Potassium (kg/ha)
	240.5
	Neutral normal ammonium acetate extraction method (AOAC, 1970)



The study was laid out in a Randomized Block Design (RBD) including three transplanting dates (5th June, 15th June and 25th June) and three rice varieties (Basmati-370, Kasturi Basmati and Pusa Basmati 1121), with three replications for each treatment combination. Thirty-day-old seedlings were transplanted at a spacing of 20 × 20 cm, with one seedling per hill.
The crop received 90 kg N, 40 kg P₂O₅, and 40 kg K₂O per hectare. Nitrogen was applied in three equal doses: one-third at transplanting, one-third at maximum tillering, and the final one-third at the panicle initiation stage. Phosphorus was applied as single superphosphate at the time of transplanting, while potassium was supplied through muriate of potash at the time of transplanting. 
3. RESULTS 
3.1 YIELD ATTRIBUTES AND YIELD
	As regards with transplanting dates significantly higher values for number of effective tillers/m2 were reported on first day of transplanting (5th June) which was statistically at par with the 15th June of transplanting, in contrast, the crop transplanted on 25th June recorded lower values for the number of effective tillers/m2. Among the varieties, Basmati-370 recorded higher values for number of effective tillers/m2 followed by Kasturi Basmati. While the lower values were recorded for Pusa Basmati 1121.
An analogous outcome was observed for the length of panicle, further reinforcing the positive influence of the treatment on reproductive yield attributes, early transplanting of the crop led to the significantly higher value for panicle length which was followed by 15th June transplanting. All the varieties also showed significant difference in panicle length under observation. Basmati-370 showed higher panicle length, which was statistically at par with Kasturi Basmati. Significantly, the lower values were recorded for Pusa Basmati 1121. The data on Table 2 indicated that the weight of panicle and weight of grains/panicles also follows the same trend as number of effective tillers/m2 the 5th June transplanted crop recorded higher value, which was statistically at par with 15th June. Among the cultivars, Basmati-370 recorded higher value, which was at par with Kasturi Basmati. The effect of transplanting dates and varieties on 1000-grain weight was found to non-significant. While the higher value was recorded for 5th June, transplanting and lower value was recorded on 25th June. Among the varieties, Basmati-370 recorded higher value and lower values were obtained on Pusa Basmati 1121.
Table 2. Effect of treatments on yield attributes 
	Treatments
	Number of effective tillers/m2 (No.)
	Length of panicle (cm)
	Weight of panicle (g)
	Weight of grains/panicle (g)
	1000-grain weight (g)

	Date of transplanting

	5th June
	238.0
	22.54
	3.79
	3.39
	28.1

	15th June
	224.3
	21.58
	3.53
	3.27
	27.9

	25th June
	205.4
	20.42
	3.33
	3.13
	27.7

	SEm ±
	3.6
	0.31
	0.05
	0.04
	0.3

	CD (P=0.05)
	10.8
	0.94
	0.16
	0.12
	NS

	Variety

	Basmati-370
	245.4
	22.44
	3.73
	3.40
	28.6

	Kasturi Basmati
	220.1
	21.52
	3.53
	3.24
	27.9

	Pusa Basmati 1121
	202.2
	20.73
	3.38
	3.15
	27.4

	SEm ±
	3.6
	0.31
	0.05
	0.04
	0.3

	CD (P=0.05)
	10.8
	0.94
	0.16
	0.12
	NS



The yield of the basmati rice was interpreted in Table 3. The crop transplanted on 5th June consistently outperformed in terms of yield and harvest index. Basmati-370 produced noticeable higher grain yield among all the cultivars. In addition, this variety produced higher straw yield and has higher harvest index as compare to all cultivars. 
Table 3. Effect of treatments on yield
	Treatment
	Grain yield (kg/ha)
	Straw yield (kg/ha)
	Harvest index (%)


	Date of transplanting

	5th June
	2432
	3461
	40.9

	15th June
	2091
	3292
	39.3

	25th June
	1698
	3110
	35.3

	SEm ±
	40
	55
	1.8

	CD (P=0.05)
	120
	165
	NS

	Variety

	Basmati-370
	2559
	3567
	41.5

	Kasturi Basmati
	2315
	3388
	40.6

	Pusa Basmati 1121
	1347
	2916
	33.5

	SEm ±
	40
	55
	1.8

	CD (P=0.05)
	120
	165
	NS



The interaction effect of transplanting dates and varieties on the grain yield was found to be significant and has been presented in Table 4. A date-wise comparison of varieties revealed that Basmati-370 produced significantly higher grain yield at all date of transplanting which was at par with Kasturi Basmati at 5th date of transplanting. A comparison of varieties at different dates showed that Basmati-370, Kasturi Basmati and Pusa Basmati 1121 recorded significantly higher grain yield at the first date of transplanting (5th June) followed by 15th June and 25th June. 
Table 4. Interaction effect of transplanting dates and varieties on grain yield
	 
	5th June 
	15th June 
	25th June 

	Basmati-370
	2698
	2581
	2397

	Kasturi Basmati
	2514
	2335
	2096

	Pusa Basmati 1121
	2085
	1356
	600

	CD (P=0.05)
	 
	
	

	For comparison of varieties at different date 
	208


4. DISCUSSION
Yield attributes such as the number of effective tillers/m², panicle length, panicle weight, grain weight per panicle and test weight were significantly influenced by transplanting dates and varietal differences, which ultimately translated into variations in yield. Early transplanting on 5th June resulted in higher values of these attributes owing to a longer vegetative phase, favourable temperature during panicle initiation, and adequate duration for assimilate accumulation and grain filling. In contrast, late transplanting (25th June) exposed the crop to relatively cooler and stress-prone conditions during the reproductive stage, thereby reducing tiller survival, panicle elongation and grain filling efficiency (Vishwakarma et al. 2016; Shabana et al. 2016; Singh et al. 2019; Mehta et al. 2019; Paschapur et al. 2021; Singh et al. 2021; Mann and Dhillon 2021). Among the varieties, Basmati-370 consistently outperformed Kasturi Basmati and Pusa Basmati 1121 for yield attributes due to its balanced growth duration, superior assimilate partitioning and better adaptation to the mid-hill conditions of Palampur. Since these attributes are closely linked with final productivity, the superiority of Basmati-370 and early transplanting was also reflected in grain yield, which was highest under 5th June transplanting followed by 15th June, while a sharp decline was noted under 25th June transplanting. Similar results were also obtained by Wani et al. 2016; Priyadarshi et al. 2018; Tiwari et al. 2018; Saha et al. 2019; Mehta et al. 2019; Mann and Dhillon 2021; Sharma et al. 2022). Thus, both optimum transplanting time and varietal adaptability played a pivotal role in determining yield potential through their influence on physiologically important yield attributes.	Comment by Microsoft account: Rewrite discussion part according to result 
5. CONCLUSION
The present investigation clearly demonstrated that transplanting time had a marked influence on the reproductive growth of basmati rice under mid-hill conditions. Early transplanting on 5th June enabled the crop to utilize favourable temperature and longer photoperiod during the growth stages, which resulted in higher yield attributes and yield as compared to 15th and 25th June transplanting. Among the tested varieties, Basmati-370 consistently recorded superior performance, followed by Kasturi Basmati, whereas Pusa Basmati 1121 remained inferior. The findings suggest that transplanting basmati rice around the first week of June, particularly with Basmati-370, is the most suitable combination for achieving better reproductive vigour under the mid-hill ecology of Himachal Pradesh.

COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.


6. References 
Anonymous (2023). Department of Agriculture Himachal Pradesh. https://agriculture.hp.gov.in/en/production-2/.
Anonymous (2025). USDA Foreign Agricultural Service https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=IN&crop=Rice.
Association of Official Analytical Chemists. (1970). Official methods of analysis. Washington D.C.
Jackson, M. L. (1967). Soil chemical analysis (2nd ed.). Prentice-Hall of India Private Limited.
Ji, B., Sun, Y., Yang, S., & Wan, J. (2007). Artificial neural networks for rice yield prediction in mountainous regions. The Journal of Agricultural Science, 145(3), 249-261. https://doi.org/10.1017/S0021859606006691
Mann, P. K., & Dhillon, B. S. (2023). Effect of date of transplanting on growth and productivity of rice (Oryza sativa L.) cultivars. Agricultural Reviews, 44(1), 114-118. https://doi.org/10.18805/ag.R-2158
Mehta, D. S., Dhillon, B. S., & Dhillon, S. S. (2019). Performance of Basmati Rice (Oryza sativa L.) under Different Transplanting Dates and Plant Spacings in South West Punjab. International Journal of Current Microbiology and Applied Sciences, 8(7), 2016-2020. https://doi.org/10.20546/ijcmas.2019.807.241
Olsen, S. R. (1954). Estimation of available phosphorus in soils by extraction with sodium bicarbonate (No. 939). US Department of Agriculture.
Paschapur, N. S., Medhi, K., & Patil, R. H. (2021). Effect of different transplanting dates on phenology, yield and yield attributes of Sali rice in Upper Brahmaputra Valley Zone of Assam November 2021, Conference: The Indian society of Agronomy, Hyderabad India. 
Piper, C. S. (1966). Soil and Plant Analysis. Hans Publishers. https://books.google.com/books/about/Soil_and_Plant_Analysis.html?id=2_0tAAAAYAAJ
Priyadarshi, D. S., Mohapatra, A. K. B., Pasupalak, S., Baliarsingh, A., Rath, B. S., Nanda, A., Panigrahi, G. S., & Pradhan, J. (2018). Agro-meteorological indices and phenology of rice (Oryza sativa L.) under different dates of planting and nitrogen levels. International Journal of Chemical Studies, 6(5), 3298-3302. https://www.chemijournal.com/archives/2018/vol6issue5/PartET/6-5-100-900.pdf
Saha, S., Mukherjee, A., & Banerjee, S. (2019). Effect of transplanting dates, cultivars and irrigation regimes on microclimate and yield of rice. International Journal of Bio-resource and Stress Management, 10(4), 389-396. https://www.pphouse.org/index.php/ijbsm/article/view/10.4.389-396
Saseendran, S. A., Singh, K. K., Rathore, L. S., Singh, S. V., & Sinha, S. K. (2000). Effects of climate change on rice production in the tropical humid climate of Kerala, India. Climatic Change, 44(4), 495-514. https://doi.org/10.1023/A:1005542414134
Shabana, T., Singh, K. N., Dar, S. H., Hussain, S. T., & Singh, P. (2016). Effect of different transplanting dates on yield and yield components of rice (Oryza sativa L.) varieties. *International Journal of Agriculture Sciences*, *8*(62), 3519-3521. https://www.bioinfopublication.org/viewarticle.php?articleid=BIA0003387
Sharma, A., Puniya, R., & Nguyen, A. T. (2022). Evaluation of the Performance of Basmati Rice (Oryza sativa) Transplanting at Different Dates with Nutrient Sources under the Method of SRI. Agricultural Science Digest, 42(6), 764-767. https://doi.org/10.18805/ag.D-5230
Singh, K., Dhillon, B. S., & Sidhu, A. S. (2019). Effect of different transplanting dates on productivity and water expense efficiency in rice (Oryza sativa L.). International Journal of Current Microbiology and Applied Sciences, 8(5), 1480-1486. https://doi.org/10.20546/ijcmas.2019.805.170
Singh, S. S., Singh, A. K., & Singh, P. (2021). Effect of different date of transplanting on growth and yield of rice (Oryza sativa L.) varieties under Indo-gangetic plains of Awadh area. The Pharma Innovation Journal, 10(10), 2664-2666. https://www.thepharmajournal.com/archives/2021/vol10issue10/PartO/10-10-10-747.pdf
Subbiah, B. V., & Asija, G. L. (1956). A rapid procedure for the estimation of available nitrogen in soils. Current Science, 25, 259-260.
Tiwari, P., Tiwari, R. K., Tiwari, J., & Yadav, V. (2018). Effect of sowing dates on physiological parameters, productivity and economical gain of different rice varieties under rainfed condition. International Journal of Current Microbiology and Applied Sciences, 7(2), 2451-2457. https://doi.org/10.20546/ijcmas.2018.702.298
Vishwakarma, A., Singh, J. K., Sen, A., Bohra, J. S., & Singh, S. (2016). Effect of transplanting date and age of seedlings on growth, yield and quality of hybrids under system of rice (Oryza sativa) intensification and their effect on soil fertility. Indian Journal of Agricultural Sciences, 86(5), 679-685. https://doi.org/10.56093/ijas.v86i5.58355
Walkley, A., & Black, I. A. (1934). An examination of the Degtjareff method for determining soil organic matter, and a proposed modification of the chromic acid titration method. Soil Science. https://doi.org/10.1097/00010694-193401000-00003
[bookmark: _GoBack]Wani, S. A., Qayoom, S., Bhat, M. A., Lone, B. A., & Nazir, A. (2016). Influence of sowing dates and nitrogen levels on growth, yield and quality of scented rice cv. Pusa Sugandh-3 in Kashmir valley. Journal of Applied and Natural Science, 8(3), 1704-1709. https://doi.org/10.31018/jans.v8i3.1026

Rainfall (mm)	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	40	41	42	43	44	45	46	47	28.6	0	25	44	488.79999999999995	33.4	75.8	309.39999999999998	319.2	267.8	428.4	142.19999999999999	35	47.6	119.4	0	135.80000000000001	2	0	0	0	0.2857142857142857	0	0	0	0	0	0	0	T(max) (°C)	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	40	41	42	43	44	45	46	47	32.028571428571425	35.285714285714285	32.357142857142854	30.5	26.5	28.5	29.5	28.142857142857142	27.428571428571427	25.5	27.071428571428573	26.571428571428573	27.414285714285711	27.085714285714285	27.5	27.214285714285715	26.642857142857142	27.62857142857143	26	25.285714285714285	25.714285714285715	27.62857142857143	26	25.285714285714285	25.714285714285715	25.7	23.028571428571428	22.314285714285713	20.285714285714285	T(min) (°C)	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	40	41	42	43	44	45	46	47	17.428571428571427	21.428571428571427	18.557142857142857	20.071428571428573	19.24285714285714	19.028571428571428	19.714285714285715	19.671428571428571	19.357142857142858	18.928571428571427	18.357142857142858	18.071428571428573	18.385714285714283	17.5	16	16.714285714285715	16.885714285714286	14.642857142857142	12.385714285714286	12.142857142857142	11.5	14.642857142857142	12.385714285714286	12.142857142857142	11.5	11.442857142857141	10.285714285714286	7.8142857142857149	8.1714285714285726	Relative humidity (%)	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	40	41	42	43	44	45	46	47	44.571428571428569	36.142857142857146	57.571428571428569	76.928571428571431	89.214285714285708	78.428571428571431	82.785714285714292	90.928571428571431	85.5	91.785714285714292	90.5	89.357142857142861	84.928571428571431	85.928571428571431	83.571428571428569	75.285714285714292	84.857142857142861	69.857142857142861	60.428571428571431	67	58.785714285714285	69.857142857142861	60.428571428571431	67	58.785714285714285	59	69.857142857142861	55.785714285714285	61.928571428571431	Bright sunshine hours (hrs)	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	40	41	42	43	44	45	46	47	6.3571428571428568	11.071428571428571	8.8571428571428577	8.9285714285714288	8.7857142857142865	11.142857142857142	6.7142857142857144	4.7857142857142856	2.5	6.2857142857142856	6.5714285714285712	3.2857142857142856	3	0.9285714285714286	3.5	5.2142857142857144	5.2142857142857144	5.1428571428571432	5.8571428571428568	7.3571428571428568	5.1428571428571432	8.5714285714285712	9.7857142857142865	8.1428571428571423	9.4428571428571413	9.4285714285714288	6.8571428571428568	8.2857142857142865	8.5714285714285712	Standard Meteorological Week

Temperature (oC), Sunshine hours (hrs) and Relative humidity (%)

Rainfall (mm) 










