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Abstract 
A field study was conducted at Anand Agricultural University (AAU), Anand, during the 2023–25 seasons 

to standardize the transplanting date, fruit harvesting stage, and post-harvest ripening period for optimizing 

seed yield in Capsicum annuum var. Anand Tej. The experiment comprised 18 treatment combinations 

involving two transplanting dates (1st week of September and October), three fruit harvesting stages (170, 

200 and 230 days after transplanting), and three post-harvest ripening durations (10, 20 and 30 days after 

harvest), arranged in a factorial randomized block design. Results revealed that transplanting in the first 

week of September significantly enhanced key yield parameters, including fruit weight, fruit length, plant 

height, number of fruits per plant, number of seeds per fruit, seed weight per fruit, seed weight per plant, 

and 1000-seed weight. Harvesting fruits at 200 days after transplanting followed by a 20-day post-harvest 

ripening period consistently produced the highest seed yield and quality. Therefore, early transplanting 

(first week of September), harvesting at 200 days, and a 20-day ripening period are recommended as an 

integrated strategy for maximizing seed yield and quality in chilli variety Anand Tej. 

 

Keywords: Mirchi, date of transplanting, fruit harvesting stages, post harvest ripening period, seed yield 

and crop growth 

 

Introduction  

Chilli (Capsicum annuum L.) is a commercially important vegetable-cum-spice crop in India, 

cultivated for both domestic use and export. It is valued for its green fruits as a vegetable and red 

fruits as a spice. Belonging to the family Solanaceae with a diploid chromosome number of 2n = 

24, chilli is believed to have originated in South and Central America. The genus Capsicum 

includes 27 species, of which five—C. annuum, C. frutescens, C. chinense, C. baccatum, and C. 

pubescens—are domesticated (Bosland, 1993) [9]. The name "Capsicum" is derived from the 

Greek word kapsimo, meaning "to burn." The pungency in chilli is due to capsaicin 

(C₁₈H₂₇NO₃), while the red color is attributed to capsanthin. C. annuum is an annual sub-shrub 

bearing pendent fruits, including types like red pepper, cayenne, paprika, and bell pepper. C. 

frutescens is a perennial type with small, highly pungent fruits, commonly known as bird chilli 

or Tabasco. 

India leads in chilli production, consumption, and export, contributing over 40% to global dry 

chilli output (Anonymous, 2025) [6]. In 2025, it produced 32.08 lakh tonnes from 9.90 lakh 

hectares (3,240 kg/ha). Andhra Pradesh tops production, followed by Telangana, Madhya 

Pradesh, and Karnataka. Gujarat, with stable output, produced 36,128 tonnes from 14,059 

hectares, with Gondal (Rajkot) reaching 2,380 kg/ha. ‘Naga Jolokia’, the world’s hottest chilli, 

is cultivated in Tezpur, Assam. Chilli is an essential spice in Indian cuisine, valued for its 

pungency, colour, and aroma. Dry chillies are widely used in cooking and processing, offering 

nutritional and medicinal benefits. Capsaicin, found mainly in the placenta and seeds, gives 

pungency and has anti-cancer and heart-protective properties (Bosland & Votava, 2000; 

Hoffman et al., 1983) [8, 15]. Chillies are classified as pungent (hot) or non-pungent (sweet) and 

are rich in vitamins A, C, E, folic acid, and minerals. Chilli thrives in diverse climates and soils, 

preferring well-drained soils with pH 5.5–6.5. Though moderately salt-tolerant, salinity hampers 

germination and seedling vigour. Sowing is commonly done in August. Optimal fruit set occurs  
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at 16–20 °C, and 24–30 °C favours fruit development. 

Temperatures above 33 °C reduce fruit set and colour. The crop 

is sensitive to excess moisture and heavy rainfall. 

Optimum sowing date is critical for maximizing crop yield, as it 

influences growth, disease incidence, and productivity. Earlier 

planting generally enhances stand establishment and yield. Islam 

et al. (2010) [18] reported improved growth and yield in sweet 

pepper with early sowing, while Bevacqua and Vanleeuwen 

(2003) [7] found the highest yield associated with the earliest 

planting dates. The seed yield is maximum during the 

physiological maturity stage. Prolonged field exposure after its 

maturity was result in reduction in yield and loss of viability and 

vigour of the seed after harvest (McAlister, 1943, Enguchi et al., 

1958) [22, 10]. Constitution of seeds extracted from fruits at 

different maturity stages is likely to differ due to differential 

supply and accumulation of food reserves in the seeds. 

Similarly, post harvest ripening of fruits may influence seed 

quality because even after the fruits are harvested from mother 

plant, there will be continuous development of immature and 

mature embryos. Increase in fruit ripening period is known to 

increase seed weight in chilli (Quagliotti et al., 1981) [30] and 

also increase seed yield and quality in chilli (Radheshyam et al., 

1996 and Vinodkumar et al., 2002) [31, 35]. The research works 

pertaining to the stage of fruit harvest and post harvest ripening 

period is very limited and thus it requires systematic studies to 

get maximum quantity of high quality seeds in chilli. To find out 

the effect of different date of transplanting, different stages of 

harvesting and post-harvest ripening period on seed yield of 

chilli. 

 

Materials and Methods 

The present investigation was carried out during the Kharif-Rabi 

seasons of 2023–24 and 2024–25 at the Regional Research 

Station and Main Vegetable Research Station, Anand 

Agricultural University, Anand, Gujarat, respectively.  

The experiment was conducted using chilli variety Anand Tej 

under field. The Gujarat Anand Vegetable Chilli 141 (Anand 

Tej) seeds were acquired from the, Main Vegetable Research 

Station, Anand Agricultural University. The experimental field's 

soil was sandy loam, also known as “Goradu soil”of “charotar” 

tract. It is alluvial in nature, deep and well-drained and fairly 

moisture retentive. Plant spacing was 60 cm between plants and 

60 cm between rows. The experimental field had an even 

topography with gentle slope and good drainage. The soil 

responds well to manuring, irrigation and is suitable for growing 

variety of crops of the tropical and sub-tropical region.  

The field experiment was structured in a Factorial Randomized 

Block Design (FRBD) with three factors, each at different 

levels. The first factor, transplanting time (Factor I), included 

two levels: S₁ – transplanting in the first week of September and 

S₂ – transplanting in the first week of October. The second 

factor, days to fruit harvesting (Factor II), had three levels based 

on the number of days after transplanting: H₁ – 170 days, H₂ – 

200 days, and H₃ – 230 days after transplanting. The third factor, 

post-harvest ripening period (Factor III), was studied at three 

durations: P₁ – 10 days after harvest, P₂ – 20 days after harvest, 

and P₃ – 30 days after harvest. This factorial combination 

allowed for the evaluation of individual and interactive effects of 

transplanting time, fruit harvest timing, and ripening duration on 

seed yield parameters in chilli (Capsicum annuum L.) var. 

Anand Tej. 

 

Results and Discussion 

Following parameters were recorded during the course of study: 

Fruit weight (g), Fruit length (cm), Plant height (cm), Number of 

fruits plant-1, Number of seeds fruit-1, Seed yield fruit-1(g), Seed 

yield plant-1 (g) and 1000 seed weight were measured. 

The combined effects of transplanting date, harvesting stage and 

post-harvest ripening duration had a significant impact on seed 

weight per fruit (Fig. e) and seed weight per plant (Fig. f) in the 

aggregated data analysis. Significantly maximum seed weight 

per plant (36.44 g) in first date of transplanting (1st week of 

September) with fruit harvest at H2 stage (200 days) for seed 

subjected in 20 days of post harvest ripening period whereas, 

significantly minimum seed weight per plant (11.34 g) recorded 

by second date of transplanting (1st week of October) with fruit 

harvest at H1 stage (170 days) for 10 days post harvest ripening 

period on pooled basis. Chilli plants harvested at 200 days after 

transplanting (early September), followed by a 20-day post-

harvest ripening period, showed the highest seed weight per 

plant. This increase is attributed to the synchronization of 

reproductive stages with favorable agro-environmental factors, 

including a stable microclimate, residual soil moisture, and 

optimal evaporative demand, which enhance vegetative growth, 

flowering, and seed development. The extended growth period 

allowed physiological maturity, improving source–sink 

efficiency and dry matter partitioning. Post-harvest ripening 

promoted seed filling through continued metabolic processes 

such as enzyme activity, sugar accumulation, and protein 

synthesis, enhancing seed biomass and viability. Given chilli’s 

indeterminate flowering habit, precise harvest timing ensures 

uniform seed maturity and minimizes losses from fruit drop, pest 

infestation, and climatic stress. These results are supported by 

earlier studies in chilli and bell/sweet pepper (Vinodkumar et al., 

2002; Hunje et al., 2006; Manjunatha et al., 2009; Alam et al., 

2011; Mends-Cole et al., 2019; Yaragal, 2023) [35, 17, 21, 4, 23, 36]. 

Significantly maximum seed weight per fruit (0.55 g) in first 

date of transplanting (1st week of September) with fruit harvest 

at H2 stage (200 days) for seed subjected in 20 days of post 

harvest ripening period whereas, significantly minimum seed 

weight per fruit (0.32 g) recorded by second date of 

transplanting (1st week of October) with fruit harvest at H1 stage 

(170 days) for 10 days post harvest ripening period on pooled 

basis. Maximum seed weight per fruit was observed when chilli 

fruits were harvested at 200 DAT (first week of September) and 

ripened for 20 days post-harvest. This improvement is attributed 

to the alignment of reproductive stages with favorable agro-

climatic conditions—moderate temperatures, residual soil 

moisture, and optimal humidity—promoting full physiological 

maturity and effective assimilate translocation. Post-harvest 

ripening enhanced seed development through continued nutrient 

flow and key biochemical changes, including increased enzyme 

activity, sugar accumulation, and storage protein synthesis. This 

approach also reduced losses from fruit drop, pest damage, and 

environmental stress. The results are consistent with earlier 

findings in chilli and sweet/bell pepper by Alam et al. (2011) [4], 

Hamma et al. (2012) [12], Mends-Cole et al. (2019) [23]. 

According to the observations, the highest fruit weight (1.88 g) 

was recorded in first date of transplanting (1st week of 

September) with fruit harvest at H2 stage (200 days) for 20 days 

of post harvest ripening period whereas, numerically lowest fruit 

weight (1.18 g) recorded by second date of transplanting (1st 

week of October) with fruit harvest at H1 stage (170 days) for 10 

days post harvest ripening period on pooled basis (Fig. a). Fruit 

weight is a key yield determinant in chilli, reflecting genetic 

potential and environmental adaptability. In this study, early 

transplanting (S1) consistently produced higher fruit weight due 

to favorable temperature, solar radiation, and soil moisture, 
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which enhanced photosynthesis and assimilate partitioning. 

Maximum weight at 200 days after fruit set was linked to 

prolonged maturation under optimal conditions, allowing greater 

dry matter accumulation and cell enlargement. Early 

transplanting extended the reproductive phase, aligning fruit 

growth with favorable conditions, improving both fruit weight 

and seed quality, consistent with earlier reports. Chilli's 

indeterminate and asynchronous flowering necessitates 

harvesting at physiological maturity (deep red coloration), which 

corresponds to maximum dry matter accumulation and cell 

enlargement, directly influencing fruit size and weight 

(Manjunatha et al., 2009; Hunje et al., 2006; Ahmed et al., 

2008). [21, 17, 2] Early transplanting also extends the reproductive 

phase, aligning critical stages of fruit growth with favorable 

environmental conditions, thereby enhancing photosynthate 

allocation to developing fruits and seeds (Moirangthem et al., 

2012; Mahmud et al., 2017) [24, 20]. This synergistic effect 

improves both fruit weight and seed quality, corroborating 

earlier findings (Pandita & Nagarajan, 2001; Oladitan, 2017; 

2024; Vidigal et al., 2011) [28, 26, 34]. However, numerically 

higher fruit length was recorded with the first date of 

transplanting (1st week of September), when fruits were 

harvested at the H₂ stage (200 days after transplanting) and 

subjected to a 20-day post-harvest ripening period, registering 

11.68 cm while, the lowest fruit length was observed with the 

second date of transplanting (1st week of October), fruit 

harvested at the H₁ stage (170 days after transplanting) and 10-

day post-harvest ripening period, with values 7.99 cm on pooled 

analysis (Fig. b). Fruit length in chilli was highest with early 

transplanting (S1) due to favorable climatic conditions 

enhancing photosynthesis and assimilate flow, promoting cell 

expansion. Maximum length at 200 days after transplanting 

resulted from prolonged maturation under moderate 

temperatures and adequate moisture, allowing fruits to reach 

their genetic size potential. These results align with previous 

findings that link early planting and extended growth duration 

with enhanced fruit development in chilli (Alam et al., 2011; 

Islam, 2010; Hamma et al., 2012; Akter et al., 2017; Mends-

Cole et al., 2019; Pritam et al., 2024) [4, 19, 12, 3, 23, 29].  

In terms of values, highest plant height (73.90 cm) were 

recorded in first date of transplanting (1st week of September) 

with fruit harvest at H2 stage (200 days) for 20 days of post 

harvest ripening period whereas, numerically lowest plant height 

(59.29 cm) recorded by second date of transplanting (1st week of 

October) with fruit harvest at H1 stage (170 days) for 10 days 

post harvest ripening period on pooled basis (Fig. g). Plant 

height in chilli is significantly influenced by environmental 

conditions prevailing during vegetative and reproductive growth. 

In this study, the earliest transplanting date (S1) resulted in 

greater plant height, likely due to favorable agro-climatic factors 

such as well-distributed rainfall, moderate temperatures, and 

higher relative humidity. These conditions are known to enhance 

photosynthetic efficiency and vegetative vigor, thereby 

supporting overall plant elongation. These observations are 

consistent with earlier reports highlighting the role of seasonal 

variation in influencing plant architecture in chilli (Moirangthem 

et al., 2012; Saqib & Anjum, 2021; Haytova, 2022; Abeer et al., 

2024) [24, 32, 14, 1]. Numerically maximum 1000 seed weight (6.05 

g) in first date of transplanting (1st week of September) with fruit 

harvest at H2 stage (200 days) for seed subjected in 20 days of 

post harvest ripening period whereas, numerically minimum 

1000 seed weight (5.00 g) recorded by second date of 

transplanting (1st week of October) with fruit harvest at H1 stage 

(170 days) for 10 days post harvest ripening period on pooled 

basis (Fig. h). A higher 1000-seed weight was observed under 

the earliest transplanting date (S1), likely due to favorable 

environmental conditions during key developmental phases. 

Harvesting at 200 days after transplanting, coupled with a 20-

day post-harvest ripening period, resulted in the highest test 

weight. This is attributed to advanced physiological maturity and 

prolonged assimilate translocation, supporting maximum dry 

matter accumulation in seeds (Zhang et al., 2019). Biochemical 

activities such as increased enzyme function and assimilate 

accumulation during post-harvest ripening significantly 

enhanced seed filling and quality. Timely harvesting minimized 

biotic and abiotic stress-related losses. The fully matured dark 

red stage was identified as optimal for maximizing seed biomass 

and quality in paprika-type chilli, consistent with findings by 

Pamela et al. (2020) [27], Venkat (2018) [33], Nagaraj et al. (2015) 

[25], Hullur et al. (2015) [16], Alan and Eser (2008) [5], Ahmed et 

al. (2008) [2] and Vinodkumar et al. (2002) [35]. 

The numerically maximum number of fruit per plant was 

recorded with the first date of transplanting (1st week of 

September), fruit harvesting after 200 days and a 20-day post-

harvest ripening period, with values of 64.20 on the pooled 

analysis. Numerically, the minimum number of fruit per plant 

was observed with the second date of transplanting (1st week of 

October), fruit harvesting after 170 days and a 10-day post-

harvest ripening period, recording values of 33.24 on the pooled 

analysis (Fig. c). The number of fruits per plant is a vital yield 

attribute in chilli and is highly influenced by seasonal dynamics. 

In the present study, a significantly higher fruit count was 

recorded under the earliest transplanting date (S1), which may be 

attributed to the advantageous growing conditions during the 

early stages of development. These included a stable thermal 

regime, favorable soil moisture levels, and less atmospheric 

stress, which collectively supported vigorous vegetative growth, 

enhanced floral initiation, and successful fruit set. Transplanting 

in the first week of September also resulted in an extended crop 

duration, allowing more time for the plant to undergo multiple 

flowering cycles and complete fruit development. Moreover, this 

early schedule helped the crop escape late-season pest pressures 

and environmental fluctuations. The combination of early 

sowing and delayed harvesting at 200 days ensured uniform 

physiological maturity, more efficient resource allocation, and 

increased carbohydrate deposition in developing fruits, thereby 

improving fruit number, seed filling, and overall seed vigour. 

These observations are consistent with previous studies by Islam 

(2010) [18], Alam et al. (2011) [4], Akter et al. (2017) [3], Ghose et 

al. (2017) [11], Hayati et al. (2020) [13] which support the 

beneficial role of early transplanting and prolonged maturity in 

enhancing fruit yield and seed quality in chilli. Numerically 

maximum number of seeds per fruit (85.30) in first date of 

transplanting (1st week of September) with fruit harvest at H2 

stage (200 days) for seed subjected in 20 days of post harvest 

ripening period whereas, numerically minimum number of seeds 

per fruit (42.25) recorded by second date of transplanting (1st 

week of October) with fruit harvest at H1 stage (170 days) for 10 

days post harvest ripening period on pooled basis (Fig. d). 

Harvesting at 200 DAT (first week of September) resulted in the 

highest seed count per fruit. This stage likely coincided with 

favorable agro-climatic factors such as optimal temperature 

range, sufficient residual soil moisture, and a supportive vapor 

pressure deficit, promoting full fruit development and seed set. 

Due to the indeterminate flowering habit of chilli, fruit 

maturation is asynchronous. However, harvesting near 

physiological maturity, followed by controlled post-harvest 

ripening, enhances assimilate translocation, improving seed 
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filling and viability. Timely harvesting also minimizes exposure 

to biotic and abiotic stresses that can impair seed quality. In 

paprika-type chillies, limited studies have assessed the combined 

effects of harvest timing and ripening on seed traits. These 

findings are in agreement with previous reports by Hamma et al. 

(2012) [12], Mends-Cole et al. (2019) [23] and Manjunatha et al. 

(2009) [21]. The analysis revealed that transplanting date, 

harvesting stage, and post-harvest ripening duration exerted a 

significant influence individually on plant height, 1000-seed 

weight, fruit weight, fruit length, number of fruits per plant, and 

number of seeds per fruit. However, their combined interaction 

showed a stable response, indicating that while each factor 

independently contributed to variation in these traits, the 

interaction among them had minimal influence on overall 

growth and yield performance in chilli. 

The present investigation on Capsicum annuum var. Anand Tej 

demonstrated that strategic standardization of seed production 

practices—through the integration of optimum transplanting 

time, fruit harvest stages, and post-harvest ripening period—

significantly influenced key seed yield. Thus, early transplanting 

(September), harvesting at physiological maturity (200 DAT), 

and a 20-day ripening period post-harvest are key to maximizing 

seed yield and quality in chilli (Capsicum annuum) var. Anand 

Tej. Adoption of this integrated approach offers a practical and 

agronomically sound strategy for seed standardization and 

commercial seed production in chilli. 

 

 
 

Fig a: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on fruit weight (g) 

 

 
 

Fig b: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on fruit length (cm) 

 

 
 

Fig c: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on number of fruit per plant 
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Fig d: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on number of seed per fruit 

 

 
 

Fig e: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on seed weight per fruit (g)  

 

 
 

Fig f: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on seed weight per plant (g) 
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Fig g: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on plant height (cm)  

 

 
 

Fig h: Effect of date of transplanting, days to fruit harvesting and post harvest ripening period on 1000 seed weight (g) 
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