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ABSTRACT

	[bookmark: _GoBack]Accumulated growing degree days (GDD) are important parameters for predicting the onset of phenological stages such as bud emergence, flowering, and maturity. Growing degree days are based on the idea that the real time needed to reach the phenological stage is a function of temperature in the range between the optimal and base temperatures. The GDD data can help farmers estimate the timing of these critical growth stages, aiding in the planning and management of agricultural practices. The current study was carried out in 2021-22 and 2022-23 to study growing degree days and photo-thermal response of African marigold under year-round transplanting in Punjab, at Punjab Agricultural University, Ludhiana, Punjab, India. The established agroclimatic indices for temperature studies in the domain viz., growing degree days (GDD), helio-thermal units (HTU) and photothermal units (PTU) were computed for year-round transplanting of the crop. The present study, the crop transplanted from 15th March to 15th July recorded higher GDD (1930.35-2207), PTU (25037.26 -27965.65) and HTU (16176.19 -14951.97) due to extended day sunshine hours and thus, witnessed shorter duration of flowering period and lower flower yield. Whereas, earlier days to full opening of flower when plant was transplanting  September and October                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            month, respectively. Optimum flower yield/m2 in African marigold (July to August), (1521 to 2465 g/plant) however, recorded lower GDD, HTU and PTU for attainment of bud appearance, color break stage and full opening of flower as compare to summer transplanting periods consequently had longer duration of flowering resulting in higher heat use efficiency and flower production.
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1. INTRODUCTION 

The marigold (Tagetes erecta L.) is one of the most important commercial flower crops worldwide. It belongs to the Asteraceae family and is native to South and Central America, particularly Mexico. The various species of Tagetes, Tagetes erecta and Tagetes patula are the   most important and are cultivated for loose flower production throughout the Indian subcontinent. They are used as crops by large and marginal farmers and are also used in many pharmaceuticals. Marigolds require mild climate for optimal growth and flowering. Planting can take place in the summer, winter, and rainy seasons. enabling continuous flower production throughout the year, which is advantageous for commercial purposes. In India, a total of 84.09 thousand hectares of land are dedicated to marigold cultivation, resulting in a yield of 916.24 metric tons of loose flowers (Anonymous 2021). One of the main causes of the yearly variation in crop growth and yield is weather variability. Many meteorological parameters, such as temperature, have an impact on the physiological and morphological development of plants. Temperature is one of the key environmental factors regulating crop growth, development, and yield. Before attaining phenological stages, plants require a certain amount of heat. This is the reason for the use of phenological models by researchers and scientists to predict plant development in response to changing climatic situations so that crop management decisions can be taken. Accumulated growing degree days (GDD) are important parameters for predicting the onset of phenological stages such as bud emergence, flowering, and maturity. Growing degree days are based on the idea that the real time needed to reach the phenological stage is a function of temperature in the range between the optimal and base temperatures. The GDD data can help farmers estimate the timing of these critical growth stages, aiding in the planning and management of agricultural practices. The amount of cumulative sun radiation and temperature exposure that initiates a change from the vegetative to the reproductive stages may be assessed using photothermal units. The use of air temperature-based indices such as growing degree-days (GDD), helio-thermal units (HTU), and photothermal units (PTU) has proven to be successful in describing the phenological behaviour and growth parameters of various crops (Hundal and Kingra (2000); Neog et al., (2005); Singh et al., (2007); Kumar et al., (2010). Research conducted in Ludhiana under similar agro-climatic conditions has reported maximum growing degree-days (GDD) in sunflowers, a plant belonging to the same family as marigold, during bud visible and full maturity stage when transplanting was carried out in the (Feb to April) months than in the winter season (Kingra et al., 2007; Dhillon et al., 2017). These indices, along with thermal efficiencies, play important roles in how phenology and yield respond to temperature variations during the growing season (Sattar et al., 2023). Since farmers undertake year-round cultivation for loose flower production, it leads to many types of losses due to the lack of reliable data on the effects of various weather parameters on growth and flower production. However, information regarding agrometeorological indices such as GDD, HTU, PTU and heat use efficiency are required for African marigold is lacking under year-round transplanting conditions. Therefore, in this study, we attempted to find a impact of agrometeorological indices on phenolgy and flower production in African marigold when transplanted year-round and identify the optimum planting time for get maximum yield of African marigold in northern plain of India and also understand role of climate variability in determining the flower yield of African marigold. There is large variation in various agrometeorological index parameters throughout the year-round transplanting, which affects the various plant metabolic processes, leading to a reduction or increase in economic yield. Planting time are important factors that’s are depend upon climatic conditions and the geographic region of the growing area. Hence, it cannot be standardised on national scale because of difference in the climate with variation in planting zone which influence the plant growth, development, and flowering dates.  Consequently, continuing to considering the significance of plant scheduling, efforts were designed to investigate a potential use of plant scheduling of African marigold by planting it at various transplanting dates to determine when is best to plant for flowers production

2. material and methods 

Field experiments were carried out during the growing seasons of 2021-22 and 2022-23 at the Research Farm of the Department of Floriculture and Landscaping, Punjab Agricultural University, Ludhiana, located at approximately 30°54'N latitude, 75°48'E longitude, and an altitude of 247 meters above sea level. Meteorological data was collected monthly during the crop growth period by the Department of Climate Change and Agricultural Meteorology at PAU, Ludhiana. The growing area come under subtropical with highest temperature 40 to 45 ° C during summer months and in winter conditions and moderate rainfall mainly during the growing period throughout the year. The seeds of African marigold (Tagetes erecta L.) cv. Punjab Gainda No1, were obtained from the Research Farm of the Department of Floriculture and Landscaping at Punjab Agricultural University, Ludhiana. The seeds were sown on raised beds prepared by mixing 5 kg of well-decomposed FYM per square meter area for the nursery. For the nursery, raised beds were made by mixing 5 kg of well-decomposed FYM per square meter area. The beds were watered with roses at least twice a day during the morning and evening. Seed sowing occurred throughout the year, starting in January. The seeds were coated with finely sieved leaf mold after being seeded in rows separated by two to three centimetres. The beds were watered twice a day, in the morning and evening, using a rose  can. Every month, when the seedlings achieved a height of 7 to 10 cm, they were moved to the main field. The transplanted beds were prepared by mixing 10-15 kg of well-decomposed FYM per bed. Additionally, basal doses of fertilizers, including urea (543.40 kg/ha), Single Superphosphate (617.50 kg/ha), and Muriate of Potash (165.49 kg/ha), were applied according to the standard recommendations of PAU (Punjab Agricultural University), as described by (Anonymous 2022). The seedlings were transplanted in a space of 40 cm × 40 cm in the beds, and gaps were filled one week later. The plants were carried out 30-40 days after transplanting, and regular cultural operations were conducted during the growth period. A randomized complete block design (RCBD) with twelve planting dates was used for the experiment. Phenological stages were recorded from transplanting of seedlings to showing of phenological stages at the bud appearance, color break stage and up to full opening of flower. Agrometeorological indices such as relative temperature disparity (RTD), helio-thermal unit (HTU), photo-thermal unit (PTU), helio-thermal use efficiency (HTUE), pheno-thermal index (PTI), heat use efficiency (HUE), accumulated growing degree days (GDD) and flower yield/m2 were all the parameters on which data were recorded. 
According to de (Berti and Johnson 2008), the accumulated growth degree days (GDD) were computed, and the base temperature was determined to be 4.5 °C using the following formula:


Where, Tmax = Daily maximum temperature (ºC)
 Tmin = Daily minimum temperature (ºC) 
Tb = Base temperature (ºC)
Helio-thermal and photo-thermal units were calculated as described by Rajput (1980).
HTU (° C Day hour) = (GDD) X (Actual sun shine hours)
According to Kaur et al. (2019), the PTU (°C Day hour) photothermal units were computed using the following formula:
PTU (°C Day h) = (GDD) × (day length),

Pheno-thermal index (°C days day-1) 
Heat use efficiency (kg ha-1 per °C days)  
Helio-thermal use efficiency HTUE =  
2.1 Statistical analysis
Using R software (version 2.2.0), correlations were computed and the data were analyzed using ANOVA.



MXT=Maximum temperature, MNT= Minimum temperature, AVG=Average temperature, RNF=Average Rainfall,
SUN=Sunshine hours

Figure: monthly data of 2021-22 and 2022-23.
3. results and discussion

3.1 Phenology of African marigold
Phenological stages were influenced by year-round transplanting in African marigold. Days to bud visible was statistically equal when transplanting was done in May, June and January months. However, maximum number of days taken for bud visible when transplanting was done in November and December; while September and October months transplanting recorded minimum days were taken for bud visible. Number of days taken to color break stage were also significantly influenced by planting date of African marigold. Maximum days taken to color break stage was in winter months followed by June, July and August months transplanting. Crop took higher number of days to full opening of flower in November and December months transplanting due to during these growing days attributed to lower temperature in this stage. Crop statistically showed that August months transplanting was recorded to full opening of flower 91 days which was statistically at par with January months transplanting. In other transplanting months in the year were recorded significantly reduction in days to full opening of flower. Similar results were obtained by Chauhan (2011) who observed in African marigold minimum number of days to full opening of flower in the month of October and also similar results were recorded in Chrysanthemum they observed maximum number of days to full opening of flower in November and December months by Sharma et al., (2015).
Table 1. Effect of year-round transplanting on phenological stages in African marigold cv. Punjab Gainda No 1 (Pooled data 2021-22 and 2022-23)
	
	Phenological Stages of African marigold

	Treatments
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower

	15th -Feb
	54.62 cde  ± 0.85
	66.8 de ±0.53 
	79.29 de ± 0.69 

	15th -March
	57.09 cd ± 0.76 
	69.2 cd ± 0.54 
	80.76 e± 0.87d

	15th -April
	59.26 c ± 1.17 
	70.7 cd ± 0.76 
	82.32 cde ± 0.90 

	15th- May
	66.16 b ± 0.76 
	76.6 bc ± 1.12 
	85.95 cde ± 1.05 

	15th -Jun
	71.01 b ± 1.31
	82.8 b ± 2.91 
	92.67 bc ± 3 

	15th- July
	65.35 b ± 2.16 
	76.8 bc ± 2.19 
	88.43 bcd ± 2.25

	15th- Aug
	66.73 b ± 1.12 
	79.1 b ±0.08 
	91.74 bc 0.87 

	15th-Sep
	51.90 de ± 0.64 
	63.6 de ± 0.95 
	74.13 e ± 0.74 

	15th -Oct
	50.26 e ± 0.83 
	60.3 e ±1.25 
	72.94 e ±0.86 

	15th -Nov
	82.45 a ± 0.99 
	99.4 a ± 1.01
	110.77 a ± 1.21 

	 15th-Dec
	84.52 a ± 0.69 
	101.9 a ± 0.51
	115.99 a ± 1.41

	15th-Jan
	69.52 b ± 0.73 
	82.8 b ± 0.61
	95.73 b ± 1.56 b














3.2 Growing degree days (GDD) for African marigold
The accumulated growing degree days presented in Table 1 revealed that the GDD required for different phenophases varied with the monthly transplanting of the African marigold. The crop transplanted on 15th June accumulated the highest GDD to attain full opening of flower 2304.40 units, followed by the 15th July transplanting. The maximum number of days required for the full opening of flowers in May and June can be attributed to the higher temperatures and longer sunshine hours prevalent during these months, which facilitate the phenological stages of crop growth. Conversely, crops transplanted after 15th September experience a reduction in accumulated growing days due to lower temperatures during these growing periods, which affected both the vegetative and flower development stages of marigold plants. Rao et al., (2002) observed that both African and French marigold plants accumulated a higher number of Growing degree days (GDD) during the crop growth period when they were transplanted in the summer months of June, compared to transplanting in winter, rainy and winter months at IARI, New Delhi. This observation underscores the significant influence of temperature on the growth of these crops, as it indicates that specific accumulation of GDD is necessary to advance to the subsequent stages of crop development. Kingra et al., (2007) noted that sunflower, a plant belonging to the same botanical family as marigold, accumulated a greater number of growing degree days (GDD) during the stages of bud formation and physiological maturity when it was transplanted in the month of February (spring), in comparison to the months of December and January (winter); similar results were also reported by  Pallavi et al., ( 2018) in rice recorded higher growing degree days when transplanting was done in the month of Mid-May and June months and Pandey et al., (2010), Kaur et al., (2016), and Gupta et al., (2017) also recorded in wheat crops, who recorded fewer growing degree days when crops were planted in late winter.
Table 2. Effect of year-round transplanting on growing degree days and helio-thermal units in African marigold cv. Punjab Gainda No 1 (Pooled data 2021-22 and 2022-23)
	
	Accumulate growing degree days (GDD) (° C Day)
	Helio-thermal units (HTU) (° C Day)

	Treatments
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower

	15th -February
	956.8 de ± 27.06
	1239.7 de ± 28.67 
	1555.6 bb ± 43.54 
	8078.1 bc ±615.96 
	10310.35 bcd ±635.01 
	12858.8 bcd  ±735.79 

	15th -March
	1305.95 c ± 59.83
	1625.2 c ± 75.32 
	1930.35 a ± 72.21 
	10760.09 ab ± 782.51
	13181.39 ab ± 980.95 
	16176.19 ab ± 898.22 

	15th -April
	1555.6 b ± 74.96 
	1845.95 abc ± 68.31 
	2161. a ± 61.86 
	12907.91 a ± 888.13
	15192.86 a ± 890.92 
	17259.09 a ± 423.85 

	15th- May
	1779.95 ab ± 34.20 
	2052.85 ab ± 16.31 
	2280.05 a ± 32.04 
	13839.57 a ± 260.21
	15073.36 a ± 326.35 
	15883.06 ab ± 469.33 

	15th -Jun
	1848.95 a ± 39.31
	2155.1 a ± 80.16 
	2396.05 a ± 108.90
	11956.46 a ± 730.56
	13912.19 ab ±831.90 
	15860.04 abc ± 968.32 

	15th- July
	1665.9 ab ± 39.07 
	1940.25 ab ± 44.25 
	2207 a ± 52.46 
	10835.9 ab ± 137.27
	12503.03 abc ± 124.45 
	14951.97 abc ± 185.26 

	15th- August
	1609.3 ab ± 13.03 
	1836.8 bc ± 6.28 
	2045.15 a ± 23.86 
	11855.6 a ± 444.90
	13511.55 ab ±236.92  
	14462.41 abc ± 144.56 

	15th-September
	1101.05 cd ± 11.81 
	1280.45d ± 16.09 
	1417.4 bc ± 13.35 
	7989.325 bc ± 272.57 
	8839.33 cde ± 454.21
	9920.25 de ± 419.99 

	15th -October
	796.15 e ± 6.26 
	923 f ± 7.47 
	1011.25 d ± 8.9 
	5269.025 cd ± 206.23
	6073.34 e ±122.00
	6502.02 e ±83.62 

	15th -November
	757.2 e ± 4.96 e
	954.45 ef ± 12.38 
	1115.6 cd ± 15.41 
	4152.798 d ± 210.56
	5675.06 e ±198.01
	6933.44 e ± 302.92  

	 15th-December
	802.9 e ± 13.67 e
	1125.9 def ± 8.48 
	1408.25 bc ± 35.26 
	4827.15 cd ± 227.57
	7693.28 de ± 103.62 
	10157.06 de ± 536.69 

	15th-January
	873.25 de ± 10.49  
	1124.8 def ± 17.27
	1438.5 bc ± 39.87 
	6715.178 cd ± 128.72 
	8878.73 cde 340.42 
	11224.49 cd ± 651.62



3.3. Helio-thermal units 
Higher Helio thermal units (17259.13) were recorded on 15th April transplanting attain, days before full flower opening. 15th March and 15th April transplanted crop recorded higher HTU compared to other transplanting dates because during these months, crops suffered from high temperatures and longer days, promoting increased solar radiation absorption and photosynthetic activity, resulting in elevated HTU accumulation and enhanced growth of marigold plants. Transplanting after 15th September to 15th December recorded a reduction in HTU in all phenological stages because plants suffering from cold stress temperature and fewer sunshine hours were found to be relatively stable with respect to flower yield and the reduction of flower yield during these growing days. 
3.4. Photo thermal units (PTU) for African marigold
The PTU for phenological stages is presented in Table 3, which shows that the PTU requirement for the entire growth phase decreased as the transplanting was done from 15th September to 15th February and thereafter it progressively increasing trend to the 15th August transplanting due, this phenomenon could be attributed to the shorter daylight hours and cooler temperatures during the vegetative phase during the winter growing season and extended day sunshine hours. The crop transplanted on 15th June recorded the highest photo-thermal units 30876.12 at full opening of the flower, followed by the 15th May transplanting., and higher temperatures during April to August transplanting dates. Longer days in June necessitated increased PTU accumulation to support sustained metabolic activity and development, resulting in a higher requirement for optimal growth. Kumar et al., (2023) reported that African marigold cv. Punjab gainda No1 accumulated higher PTU for vegetative ,50 % flowering, and seed harvesting stages in the summer months (June) of transplanting as compared to other moths transplanted at Punjab Agricultural University, Ludhiana.
Table 3. Effect of year-round transplanting on photo-thermal unit and pheno-thermal index in African marigold cv. Punjab Gainda No 1 (Pooled data 2021-22 and 2022-23).
	
	Photo-thermal units (PTU) (° C Day)
	Pheno-thermal Index

	Treatments
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower

	15th -Feb
	11321.44 de ±334.07 
	14919.06 e ± 410.35
	19084.35 d ±553.83 
	17.51 e ± 0.40 
	18.54 c ±0.36 
	19.61 d ± 0.46  

	15th -March
	16571.34 c ± 782.22 
	20856.76 d ±1013.64 
	25037.26 bc ± 911.27 
	22.84 cd ± 0.87 
	23.48 b ± 0.95 
	23.89 bc ± 0.89 

	15th -April
	20950.73 b ± 1060.16 
	25042.74 bc ± 949.42 
	29488.86 ab ± 871.31 
	26.19 ab ± 0.86 
	26.09 a ± 0.73 
	26.24 a ± 0.67 

	15th- May
	24702.68 a ± 403.20
	28378.92± 84.36 ab
	31410.55 a ±347.72 
	26.90 a ±0.41 
	26.82 a ± 0.28 
	27.40 a ± 0.36 

	15th -Jun
	25200.98 a ±491.43 
	29043.09 a ±1012.56 
	32.11.61 a ±1221.19 
	26.03 ab ± 0.44 
	26.04 a± 0.32 
	27.09 ab ± 0.43 

	15th- July
	21629.02 b ± 612.30
	24902.82 bc ± 548.64 
	27965.65 abc  ±669.03 
	25.52 ab ± 0.39 
	25.28 ab ± 0.27  
	24.97 ab ± 0.23  

	15th- Aug
	19540.51 b ± 151.46
	22044.12 cd ±201.32 
	24225.28 c ± 279.47 
	24.13 bc ± 0.39 
	23.22 b ± 0.06 
	22.30 c ± 0.46 

	15th-Sep
	12606.2 d ± 76.92 
	14475.73 e ±187.40 
	15883.05 de ±42.11 
	21.22 d ± 0.20 
	20.14 c ± 0.22 
	19.13 d ± 0.21

	15th -Oct
	8491.753 ef ±24.86 
	9776.29 f ±81.11  
	10665.95 f ± 117.47
	15.85 e ± 0.35  
	15.06 d ± 0.29 
	13.87 ef ± 0.24 

	15th -Nov
	7730.82 f ± 101.38 
	9880.92 f ±88.48
	11698.5 ef ± 72.86 
	9.19 g ± 0.14
	9.61 e ± 0.14 
	10.08 g ±0.21

	 15th-Dec
	8573.47 ef ± 142.91
	12406.22 ef ± 134.14 
	15884.64 de ± 347.21 
	9.50 g ± 0.20 
	11.05 e 0.08  
	± 12.14 f ± 0.33 

	15th-Jan
	9798.97 def ± 102.68 
	12887.99 ef ± 187.28 
	16837.3 d ± 439.42 
	12.56 f ± 0.16
	13.58 d ± 0.13 
	15.02 e ± 0.39  



3.5. Pheno thermal index
The plant's capacity to use heat for growth is measured by the phenothermal index (PTI). This means that variations in the various seasons of the year and the temperature required for the plant to move from one stage of development to another are related to this index. The average mean of two-year data on phenothermal index (PTI) was recorded that PTI values were 9.19 to 26.90 at bud visible stage. The maximum PTI values were obtained at full opening of flower that was 10.08- 27.40 when transplanting was done year-round. From bud visible to full opening of flower recorded 9.19 -15.02 when transplanting was done from November to January months due to delay bud appearance and also obtained during these growing days recorded lesser amount of growing degree days while maximum PTI was recorded at full opening of flower in months of May followed by June months transplanting. 
Table 4. Effect of year-round transplanting on heat use efficiency and helio-thermal use efficiency in African marigold cv. Punjab Gainda No 1 (Pooled data 2021-22 and 2022-23).
	
	Heat-use efficiency
	Helio-thermal use efficiency

	Treatments
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower
	Days to bud visible
	Days to Color break stage
	Days to full opening of flower

	15th -February
	0.90 bcd ± 0.05 
	0.70 cd ± 0.04 
	0.55 cd ± 0.04 
	0.10 cd ±00
	0.08 cd ±00
	0.07 cd ±00

	15th -March
	0.59 cde ± 0.05 
	0.47 de ± 0.04 
	0.39 de ± 0.04 
	0.07 de ±00
	0.05 de ±00
	0.04 de ± 00

	15th -April
	0.27 ef ± 0.06 
	0.23 ef ± 0.05 
	0.18 ef ± 0.05 
	0.03 e ±00
	0.03 e ±00
	0.02 e ±00

	15th- May
	0.18 ef ± 0.06 
	0.16 ef ± 0.05 
	0.14 ef ± 0.05 
	0.02 e ±00
	0.02 e ±00
	0.02 e ±00

	15th -Jun
	0.14 ±0.06ef
	0.12 f ±0.05 
	0.11 f ±0.05 
	0.02 e ±00
	0.02 e ±00
	0.02 e ±00

	15th- July
	0.92 bc ±0.06 
	0.79 bc  ±0.05 
	0.69 c ± 0.05 
	0.14 bc ± 00
	0.12 bc ±00
	0.10 bc ± 00

	15th- August
	1.54 a ± 0.07 
	1.34 a ± 0.06 
	1.20 ±0.05 a
	0.21 a ±00
	0.18 a ±00
	0.17 a ±00

	15thSeptember
	1.25 ab ± 0.06 
	1.06 ab ±0.05 
	0.96 ab ±0.05 
	0.17 ab ±00
	0.15 ab ±00
	0.13 ab ±00

	15th -October
	1.01 b ± 0.04 
	0.86 bc ±0.03 
	0.79 bc ±0.03 
	0.15 b ±00
	0.13 abc ±00
	0.12 b ± 00

	15th November
	0.32 ef ± 0.05 
	0.24 ±0.04 ef
	0.21 ef ±0.04 
	0.05 de ±00
	0.04 de ±00
	0.03 de ±00

	 15th-December
	0.23 ef ±0.07 
	0.16 ef ±0.06 
	0.13 ef ±0.06 
	0.03 e ±00
	0.02 e ± 00
	0.01 e ±00

	15th-January
	0.52 def ± 0.08 
	0.41 def ±
	0.32 def ±0.06 
	0.07 e ±00
	0.05 e ±00
	0.04 de ±00



3.6. Heat use efficiency and helio-thermal use efficiency
The maximum heat use efficiency for flower production was recorded when transplanting was done in month of August followed by July which was statistically at par with September months transplanting. Likewise, the maximum flower production of African marigold was recorded in 15th August months followed by 15th July transplanting, respectively. The efficiency was highest in July to September months due to during these months recorded higher yield as compared to other months of transplanting and reduction of heat use efficiency during cold stress growing conditions of crop due to these growing days recorded lower growing degree days and lower flower yield as compared to other transplanting months. Similar results were reported by Rakesh et al., (2023) in African marigold recorded higher heat efficiency in transplanting of July and August months for seed production. Helio-thermal use efficiency was higher recorded when transplanting was done in August at all phenological stages of African marigold when it was transplanting throughout the year due to prevailing longer sunshine hours and favourable conditions to crop growth. During high heat and cold stress conditions recorded lower amount of helio-thermal use efficiency due to adverse effect of climatic conditions on crop growth stages and inhibit crop production.
Table 5. Effect of year-round transplanting on harvest index and flower yield/m2 in African marigold cv. Punjab Gainda No 1 (Pooled data 2021-22 and 2022-23).
	Treatments
	Flower Harvest Index
	    Flower yield/m2 (g)

	15th -February
	1.69 bc ± 0.19
	849.45 c± 74.92

	15th -March
	1.47 cd ± 0.16
	747.24 cd±59.69

	15th -April
	0.78 ef ± 0.08 
	400.17 cd± 31.63

	15th- May
	0.65 f ± 0.07
	318.81 e± 4.64

	15th -Jun
	0.51 f ± 0.06
	248.52 e± 4.28

	15th- July
	2.24 b ± 0.24
	1521.42 b ± 41.25

	15th- August
	3.50 a ± 0.43
	2465.58 a ± 45.98

	15th-September
	2.25 b  ± 0.29
	1369.17 b ± 41.21

	15th -October
	1.34 cde± 0.16
	803.01 cd ± 75.29

	15th -November
	0.59 f ± 0.06 
	238.02 e  ±   22.79

	 15th-December
	0.46 f ±0.05
	181.89 e±  9.28

	15th-January
	0.92 def±0.11
	454.29 e± 35.28



3.7. Flower yield and harvest index
Flower yield/m2 was significantly affected when transplanting was done during year-round. When transplanting was done in August months recorded higher yield which was reduced by about 33 and 4% when transplanting was done in July and September, respectively. February and December months also reduction of flower yield /m2 varied from 66 to 93 % as compared to August months transplanting. Similar results were confirmed by Singh et al., (2015) in African marigold cv. Pusa Narangi Gainda where they have recorded minimum flower yield per plant when it was transplanted in November and January and other similar result were reported by Pratibha et al., (2018) in French marigold recorded minimum flower yield per plant in May month transplanting. Monthly interval planting also had significant effects on harvest index of the African marigold. The transplanting month of August had the highest harvest index, followed by July due to in August and July months transplanting crop obtained higher flower yield and recorded maximum biomass of plant. When the crop was transplanted from September to December, the harvest index gradually decreased due to during these growing days of crop obtained lower flower production and lesser amount of total fresh weight of plant as compare to other transplanting dates.
4.Conclusion
The study highlights the impact of agrometeorological indices viz GDD, PTU and HTU on crop growth particularly at the time of transplanting. From March 15th to June 15th, an increase in these indices due to attributes of prolonged sunshine showed reduction in flower yield as well as flower duration. Whereas, a delayed transplanting in July-August brought these indices at the optimal level which maximize the flower harvest index and flower yield/m2. These results suggest that the agrometeorological indices play a crucial role in flower growth and production especially at the time of transplanting.
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