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ABSTRACT
A Field experiment was conducted at Vegetable Science Research Farm of Chaudhary Charan Singh Haryana Agricultural University, Hisar during autumn-winter season of 2020 to evaluate the influence of weather variables on growth, yield and agrometeorological indices accumulation of  brinjal crop under different growing environments. The experiment was conducted with three varieties (Hisar Shymal, HLB-12 and BR-112) of brinjal that were transplanted on four different dates  (5, 15, 25 July and August 4) in Factorial Randomized Block Design with three replications of each. Maximum growth (Plant height, No. of branches, LAI, Dry matter)  and yield  was  obtained in crop transplanted on 15th July, 2020 (D2)  while among varieties, maximum  growth and yield was observed in variety ‘Hisar Shyamal’. From present study it was concluded that 5th to 15th July is optimum time for transplanting of  brinjal seedling  for  autumn-winter cultivation it results in higher yield than late sowing and variety Hisar Shyamal is suitable under these weather conditions.
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INTRODUCTION
Brinjal (Solanum melongena L.), one of the most significant  vegetable  crop belonging to family Solanaceae  and also known as “King of vegetables” Brinjal  is a good source of nutrients, vitamins (vit ‘B’ ), minerals, antioxidants, dietary fiber and some amount of protein (Mehraj et al. 2015). Eggplant fruits are low in calories and having a mineral composition useful for human health. They also supply a good amount of metals like, magnesium, calcium, and iron (Begum et al, 2019). Vegetable crops are vulnerable to weather, because a  slight variability in the weather may destroy  the crop in terms of quality and quantity. Brinjal have adaptability to diverse agro-climatic conditions (Choudhury and Ghosh, 2019). Despite its adaptability, the productivity is highly sensitive to weather variability during autumn- winter season due to variable temperatures and changing day length which affect plant physiology and yield. Environmental  factors along with genetic factors affects metabolic processes which ultimately affects the crop growth and yield. (Kaur and Singh 2013) . Kashyap et al. 2003, reported that yield in brinjal is determined to a large extent by the environmental factors, especially by the temperature. Brinjal crop requires a long warm weather for its growth, 25-32ºC temperature is suitable for its cultivation (Arya, 2018).  Prolonged  periods of low or high temperature or sudden change in temperature adversely affects the insect development which ultimately affects the yield. (Ayyogari et al). Determination of optimum planting window is considered essential to have optimum yields and keep insect pest damage below economic threshold level (ETL), both quantitative and qualitative traits of crops depend  on it ( Matova et al,2020 ).Cold stress during winter can adversely affects flowering and fruiting, resulting in reduced yield and quality ( Rani and Prasad, 2021). Increased frequency of extreme weather events and climatic variability have raised the concerns about the stability of vegetable crop production and making it necessary to understand crop –weather relationship more precisely (IPCC, 2021).
Understanding the impact of specific weather parameters on yield during autumn- winter season is essential for optimizing planting schedules and cultivar selection for different climatic conditions. The objective of present study is to analyze the effect of different growing environment on brinjal production in autumn winter season and also to quantify various agrometeorological indices. 
MATERIALS AND METHODS
The field experiment was conducted at Research Farm of Department of Vegetable Science, CCS Haryana Agricultural University, Hisar during autumn-winter season 2020. The experiment was laid out in Factorial Random Block Design  with four dates of transplanting  (D₁-5th July, D₂-15th July, D₃-25th July and D₄-4th August ) and three  varieties of  Brinjal (V₁-Hisar Shymal, and V₂- HLB-12 and V₃-BR-112) with three  replications of each. Treatments were randomly allocated to these different plots.  Five plants were randomly selected and tagged in each replication plot their height was measured using meter rod from the base of plant to the apex of the main shoot at 15 days interval starting from  45 days after transplanting  in the experimental plot and the average height per plant was calculated. Branches of these tagged plants were counted at maturity and average number of branches were found out. Plant were uprooted from each plot and Leaf area was measured using Leaf Area meter and the same plants were dried and dry weight was measured. Daily meteorological data recorded at Agro-meteorological Observatory situated in the research farm of Department of Agricultural Meteorology, were used for computation of Growing degree days (GDD). GDD is the sum of daily mean temperature above base temperature and  expressed in 0C day. This was calculated  using the given formula:    
	                                                          
                                                                                                       
                                                       b         (Tmax + Tmin)
 Growing degree days (0C day) =  ∑  (                             -  Tb )
                                                       a                    2
Where,
		a = Date of start of a phenophase
		b = Date of end of a phenophase
		Tmax. =Daily maximum temperature (oC)
		Tmin. =Daily minimum temperature (oC)
		Tb = Base temperature (10 oC,)
Heliothermal units
	Heliothermal units (HTU) for a day is the product of  growing degree days (GDD) and bright sunshine hours for that day and are expressed in oC day hours.  HTU for a particular phenophase were determined according to the equation:
      HTU (0C day hours) = ∑ (GDD x BSS)
Where, BSS = Bright sunshine hours 
 Photothermal units
Photothermal units (PTU) are calculated as growing degree days multiplied by maximum possible sunshine hours and are expressed in 0C day hours. Formula is given as under
      PTU (0C day hours) = Σ (GDD x N)
      Where, N = Maximum possible sunshine hours or day length
Hydrothermal units
Hydrothermal units (HYTU) are calculated with the following formula 
(HYTU) = GDD*RH
Where, RH=Relative humidity
RESULTS AND DISCUSSION
Growth and yield of brinjal varieties in different growing environments
Maximum growth (Plant height, No. of branches, LAI, Dry matter)  and yield as depicted in Table 1 was  observed in crop transplanted on 15th July, 2020 (D2)  from all dates of transplanting while among varieties, maximum  growth and yield was observed in variety ‘Hisar Shyamal’ . It is the genetic composition of a crop variety that enables efficient use of naturally available resources and aligns well with the local climatic conditions makes it well-suited for adaptation in that particular region. Similar patterns have also been observed in earlier studies by Sharma and Swaroop (2000) , Tripathi et al. (2009) Begum et al., (2019) also reported that late showing results in growth and yield reduction. Sowing brinjal between July 5th and 15th for the autumn-winter season results in significantly higher yields compared to late sowing. The early sowing aligns better with favorable climatic conditions, supporting optimal crop growth and development. Therefore, timely planting within this window is recommended for maximizing yield potential in autumn-winter brinjal cultivation.
Table 1. Growth and yield of brinjal varieties in different growing environments	
	Treatments
	Plant   height (cm)
	No. of branches per plant
	Leaf Area Index (LAI)
	Dry matter (gm)
	Fruit yield
(q/ha)

	Dates  of  transplanting
	
	
	
	
	

	D1: 5th July, 2020
	49.22
	5.22
	1.455
	149.23
	270.94

	D2: 15th July, 2020
	59.58
	7.33
	1.486
	158.12
	271.22

	D3: 25th July, 2020
	53.22
	6.56
	1.432
	151.33
	247.10

	D4: 4th August, 2020
	49.83
	6.44
	1.393
	150.21
	236.00

	SE(m)
	0.27
	0.19
	0.024
	5.21
	5.23

	C.D. at 5 %
	0.79
	0.56
	NS
	NS
	15.44

	Varieties

	V1: Hisar Shyamal
	62.90
	6.83
	1.644
	195.45
	276.81

	V2: HLB-12
	45.25
	6.33
	1.244
	90.74
	244.03

	V3: BR-112
	50.75
	6.00
	1.435
	171.11
	248.11

	SE(m)
	0.23
	0.16
	0.021
	4.33
	4.53

	C.D. at 5%
	0.68
	0.49
	0.061
	12.7
	13.37


 
Accumulated agrometeorological indices at different phenophases in brinjal varieties under various growing environments
The cultivation of brinjal, during the autumn-winter season is highly influenced by various agrometeorological indices such as Growing Degree Days (GDD), Helio-Thermal Units (HTU), Photothermal Units (PTU), and other derived thermal and radiation-based indices. The variability in these indices across the crop growth stages can significantly affect plant physiology, flowering, fruiting, and yield. The values of agrometeorological indices accumulated  by different varieties transplanted on different dates at different phenophases is presented in table 2, 3, 4, 5. The accumulated growing degree days (GDD) required for brinjal varied by transplanting date and variety across different growth stages is presented in table 2. At bud initiation, the highest GDD (494°C days) was observed in the 25th July (D3) transplanting, with variety HLB-12 requiring the most (488°C days). For 50% flowering, D3 again recorded the highest GDD (879°C days), closely followed by 4th August (D4), while variety BR-112 needed the most (890°C days). At first fruit picking, the maximum GDD (1265°C days) was noted in D4, with no significant variation among varieties, all averaging around 1236°C days. The accumulated heliothermal units (HTU) required by brinjal varied across transplanting dates and phenophases are presented in table 3. At bud initiation, the highest HTU (3629°C day hours) was recorded in the 5th July (D1) transplanting, with no significant varietal differences, though HLB-12 had the highest value (3439°C day hours). For 50% flowering, D1 again showed the maximum HTU (6211°C day hours), and variety BR-112 required significantly more (6144°C day hours) than others. At first fruit picking, while D4 (4th August) recorded the highest HTU (8827°C day hours), there were no significant differences among varieties, all averaging 8526°C day hours. The accumulated photothermal units (PTU) required by brinjal varieties varied with transplanting dates and growth stages is presented in table 4. At bud initiation, the highest PTU (6667°C day hours) was recorded in the 15th July (D2) transplanting, with variety HLB-12 requiring the most (6630°C day hours), significantly higher than other varieties. At 50% flowering, there were no significant differences across transplanting dates, though D3 (25th July) had the highest PTU (11673°C day hours), and variety BR-112 required significantly more (11897°C day hours) than the others. For first fruit picking, D1 (5th July) recorded the highest PTU (16545°C day hours), while all varieties showed similar values, averaging 16261°C day hours. The accumulation of hydrothermal units (HYTU) in brinjal varied across transplanting dates and varieties at different growth stages is presented in figure 1. At bud initiation, the highest HYTU was recorded in the crop transplanted on 4th August 2020 (38,715 °C day hours). Among varieties, BR-112 required the least HYTU (35,786 °C day hours), followed by Hisar Shyamal and HLB-12. For 50% flowering, the maximum HYTU was observed in the 25th July transplant (68,851 °C day hours), with BR-112 showing the highest requirement among varieties. At the first fruit picking stage, transplanting date and variety had no significant impact, with all varieties averaging around 94,579 °C day hours and the highest accumulation recorded in the 15th July transplant (96,613 °C day hours).The variety/ crop taking more time and thermal energy to attain its particular phenophases may be termed as slow growing/fruiting under prevalent weather conditions. The result of  regression analysis of Yield with GDD, HTU, PTU, HYTU  showed that  coefficient of determination R2 was 0.55, 0.60, 0.56, 0.29 which clearly indicated that HTU is most contributing agrometeorological indices responsible for variation in fruit yield in brinjal.  Rithichai et al. (2004) concluded that both photoperiod and temperature play essential roles in enabling crop plants to reach their reproductive stage. Understanding the variability of agrometeorological indices enables better scheduling of transplanting dates and selection of appropriate varieties suited for the season. Sowing earlier in the autumn can help the crop complete most of its critical stages before the onset of harsh winter conditions to get higher yields.
Table 2. Accumulated growing degree days  at different phenophases in brinjal varieties under various growing environments
	Treatments
	Accumulated growing degree days  (⁰C day)

	
	Bud initiation
	50% flowering
	First picking

	Dates  of  transplanting
	
	
	

	D1: 5th July, 2020
	466
	834
	1222

	D2: 15th July, 2020
	450
	837
	1229

	D3: 25th July, 2020
	494
	879
	1226

	D4: 4th August, 2020
	493
	873
	1265

	SE(m)
	5.69
	7.03
	0.56

	C.D. at 5 %
	16.81
	20.75
	1.66

	Varieties

	V1: Hisar Shyamal
	471
	834
	1236

	V2: HLB-12
	488
	844
	1236

	V3: BR-112
	468
	890
	1236

	SE(m)
	4.93
	6.09
	0.48

	C.D. at 5%
	14.56
	17.97
	NS




Table  3.  HTU accumulated at different phenophases in brinjal varieties under various growing environments
	Treatments
	Accumulated HTU (⁰C day hour)

	
	Bud initiation
	50 % flowering
	First picking

	Dates  of  transplanting
	
	
	

	D1: 5th July, 2020
	3629
	6211
	8703

	D2: 15th July, 2020
	3124
	5781
	8216

	D3: 25th July, 2020
	3362
	5963
	8356

	D4: 4th August, 2020
	3314
	5800
	8827

	SE(m)
	46.61
	50
	N/A

	C.D. at 5 %
	137
	147
	NS

	Varieties

	V1: Hisar Shyamal
	3322
	5805
	8526

	V2: HLB-12
	3439
	5866
	8526

	V3: BR-112
	3311
	6144
	8526

	SE(m)
	40.36
	43.32
	N/A

	C.D. at 5%
	NS
	127
	NS



Table 4.  PTU accumulated on different phenophases in brinjal varieties under various growing environments
	Treatments
	Accumulated PTU (⁰C day hour)

	
	Bud initiation
	50% flowering
	First picking

	Dates  of  transplanting
	
	
	

	D1: 5th July, 2020
	6466
	11454
	16545

	D2: 15th July, 2020
	6177
	11331
	16348

	D3: 25th July, 2020
	6667
	11673
	15998

	D4: 4th August, 2020
	6558
	11378
	16153

	SE(m)
	76
	90
	4.86

	C.D. at 5 %
	224
	NS
	14.34

	Varieties

	V1: Hisar Shyamal
	6405
	11172
	16261

	V2: HLB-12
	6630
	11307
	16261

	V3: BR-112
	6367
	11897
	16261

	SE(m)
	65.63
	78
	4.21

	C.D. at 5%
	194
	230
	NS



Table 5.  Accumulated hydrothermal units required for different phenophases in brinjal varieties grown under various environments
	Treatments
	Accumulated HYTU (⁰C day %)

	
	Bud initiation
	50% flowering
	First picking

	Dates  of  transplanting
	
	
	

	D1: 5th July, 2020
	34230
	61610
	93316

	D2: 15th July, 2020
	35168
	65163
	96613

	D3: 25th July, 2020
	37499
	68851
	94230

	D4: 4th August, 2020
	38715
	68326
	94157

	SE(m)
	462
	536
	N/A

	C.D. at 5 %
	1365
	1582
	NS

	Varieties

	V1: Hisar Shyamal
	36032
	64249
	94579

	V2: HLB-12
	37391
	65092
	94579

	V3: BR-112
	35786
	68621
	94579

	SE(m)
	400
	464
	N/A

	C.D. at 5%
	1182
	1370
	NS



CONCLUSION
On the basis of results obtained from the above study, it may be concluded that 15th July is optimum date for transplanting of  brinjal seedling  for  autumn-winter cultivation because it results in maximum growth and yield while among varieties Hisar Shyamal is more suitable for cultivation under  prevalent weather conditions. The findings of the present study shows the potential of autumn-winter cultivation for brinjal, revealing that the crop can perform optimally under cooler climatic conditions with proper management practices. The genetic adaptability of selected varieties to lower temperatures, contributed to enhanced growth, yield. Additionally, the synchronization of the crop's phenological stages with the prevailing weather conditions during the autumn-winter season proved beneficial. These results highlight advantage of cultivating brinjal during the autumn-winter season, providing a promising opportunity for farmers to diversify their cropping calendar and increase productivity in the semi-arid region of Hisar.
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