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Introduction 

Foxtail millet (Setaria italica (L.) P. Beauv.) cultivation dates back 

more than 10500 years to China (1). It is a member of the family 

Poaceae, subfamily Panicoideae and tribe Paniceae, with a 

chromosome number of 2n = 18 (AA). Foxtail millet matures in 60-

90 days, making it a short duration crop for food, feed and fodder. It 

can be successfully cultivated in semi-arid areas with low 

precipitation and at altitudes from sea level up to 2000 m above 

mean sea level. It is one of the most resilient cereal crops, being fairly 

tolerant to drought and can escape late season droughts because of 

its short growing period. The dehusked grains are rich in protein 

(12.3 %) and fibre (8.0 %) content and have a low glycemic index (GI) 

due to slow digestibility, which makes them suitable as a diabetic 

food to regulate blood glucose levels (2, 3). Furthermore, it is 

beneficial for the prevention of cardiovascular diseases (4). 

 Foxtail millet is estimated to be cultivated in around 1.06 m 
ha globally (IIMR estimates based on FAO/DES-GOI data) with a 

production of 2.29 m tonnes. China produced about 1.81 m t of 

grains from an area of 0.72 m ha with a yield of 2519 kg/ha in 2014 

(5). In India, foxtail millet is presently cultivated on a very limited 

area to meet domestic needs in the states of Andhra Pradesh, 

Karnataka and Tamil Nadu and some north-eastern regions.  

 In any seed production programme of a crop, identification 

of proper stage of seed maturity and right stage of crop harvest is 

very important as the resultant seed quality decides the proper 

establishment of subsequent crop. A series of events occur in a 

sequential order during seed development and maturation 

process, including embryogenesis, morphogenesis and 

accumulation of food reserves. The advancement of maturation 

process can be gauged through relative changes in seed hardness, 

moisture content, test weight, seed germination, vigour and 

viability potential (6, 7). The end of seed filling period is considered 

as PM and at this point, the seed quality is the highest and declines 

thereafter (8). Beyond the stage of PM, the agronomic 

interventions cannot increase seed yield, due to the loss of 

funicular functionality and the cessation of nutrient supply from 

mother plant to seed (9). PM is the seed developmental stage at 

which a seed or the majority of a seed population, reaches to 

maximum vigour and viability and it is also the point of maximum 

seed quality (10, 11). The determination of exact stage of seed 

maturity using different traits has been reported in different crops 

based on seed dry weight and moisture content, seed germination 
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Abstract  

The present study aimed to determine the right stage of physiological maturity (PM) in foxtail millet cultivars (‘Suryanandi’ and ‘SiA 3156’) 
during two post-rainy seasons. The seed formation/developmental phase required about one week after flowering in year 1 and two 

weeks in year 2 in both cultivars, due to varying climatic parameters. The maturation of seeds progressed gradually, with a loss in 

moisture and gain in hardness, test weight and seed yield, during subsequent harvests at weekly intervals, which continued until 35 days 
after anthesis (DAA) (year 1) and 42 DAA (year 2) in both cultivars. The seed quality traits reached their maximum at 35 DAA during year 1 

and thereafter declined gradually; the decline was more prominent in the case of aged seeds, indicating that seed viability would be lost 

faster due to delayed harvests. During year 2, the seed quality traits were at their maximum in the harvest at 42 DAA. Due to significant 

reduction in quality traits at a faster rate at later stages of harvest, the polynomial regression analysis predicted maximum quality of seeds 
at 38 DAA. The study found that the seeds reached the right stage of PM at 35 DAA in the year 1 and at 38 DAA during year 2 in both 

cultivars, providing valuable insights that PM generally occurs between 35 and 38 DAA, while the optimal harvest window is between 35 

and 42 DAA during the post-rainy season in foxtail millet. At PM, the panicles turn brown, the seeds become hard, shiny, pale-yellow with 

elliptic streaks and a dark-brown depression develops at the hilar end and these act as visual indicators for the optimal time of harvest in 
foxtail millet. 
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traits, accelerated aging and electrical conductivity, respiratory 

enzymes and mobilization of reserves (12-17).  

 Apart from seed quality in crops like foxtail millet, 

shattering of seeds is a major problem during delayed harvest, 

which leads to reduced seed yield as well as deterioration in the field 

due to exposure to adverse environmental factors. Low quality 

seeds lead to a decrease in germination and seedling emergence, 

which results in poor crop stand establishment and subsequent 

yield loss in the field. Knowledge on seed maturity patterns and their 

influence on seed vigour, viability and yield traits is scanty in foxtail 

millet. Hence, it is important to understand these factors to 

overcome the problems arising from varying seasonal climatic 

parameters during seed production. The determination of right 

stage of PM and identification of suitable harvestable maturity (HM) 

of seeds are fundamental prerequisites for eliminating seed 

deterioration in the field and consequent loss of productivity and 

seed quality. Therefore, the present study aimed to determine the 

appropriate stage of PM and right stage of HM in foxtail millet to 

minimize the losses in seed yield and quality during seed production.    

 

Materials and Methods 

Experimental site, materials and design  

The experiments were conducted during the late post-rainy 

seasons at ICAR-Indian Institute of Millets Research in Hyderabad, 

India, located at 17.3850° N, 78.4867° E and an altitude of 505 m 

above MSL. The sowings took place on January 7, 2019 (year 1) 

and December 13, 2019 (year 2), using a randomized complete 

block design (RCBD) with three replications. Two popular cultivars 

Suryanandi and SiA 3156 of foxtail millet were procured from PC 

unit-AICRP on small millets. Suryanandi is a pure line selection 

released in 2012 for cultivation in the state of Andhra Pradesh with 

average yield of 20 to 25 q/ha. SiA 3156 is also a pure line selection 

released in 2024 for all states of India with an average yield of 20 to 

25 q/ha. The earliest date of appearance of seed setting (7 DAA in 

year 1 and 14 DAA in year 2) was identified as the first stage of harvest 

(HS I) and eight subsequent harvests (HS I to HS VIII) were made at 

weekly intervals for both cultivars (Table 1). 

Seed yield, moisture content, hardness and test weight 

The seed weight per plant was measured from five randomly 

labelled plants at each harvest stage and recorded in grams (g). The 

seed yield per net plot (6 m²) of every 100 plants was calculated and 

expressed in grams (g). Fresh seed samples were collected at each 

harvest stage and evaluated for moisture content using a digital seed 

moisture meter (FARMEX-MT-PRO, FARMCOMP, Agro-electronics, 

USA), calibrated specifically for millet seeds. The moisture content 

values were expressed as a percentage. Seed hardness was 

measured using a digital hardness tester (Pharmag Instruments Ltd., 

India), which operates with a force gauge to apply tension or 

compression to a single seed. The hardness of ten randomly 

selected seeds from each replication (four replicates per sample) 

was tested and the mean value was reported in kilogram force (kgf). 

For test weight determination, four replicates of 100 seeds from each 

sample were counted and weighed in milligrams (mg). 

Seed germination and vigour traits 

The seed germination tests were carried out following the 

guidelines set by the International Seed Testing Association 

(ISTA) for foxtail millet (18). Germination counts were taken on 

the 10th day and the seedlings were assessed for growth and 

vigour characteristics. The germination percentage (G) was 

calculated based on the number of normal seedlings produced 

per 100 seeds. Ten normal seedlings were randomly selected to 

measure seedling traits. Root length (RL) was measured from the 

collar region to the tip of the primary root, while shoot length (SL) 

was recorded from the collar region to the tip of the first leaf. 

Seedlings with abnormal growth were discarded. Seedling dry 

weight (SDW) was determined by drying the ten selected seedlings 

in a hot air oven at 80 °C for 24 hr. After drying, the seedlings were 

placed in a desiccator for 30 min to cool and their mean dry weight 

was measured. Seedling vigour indices were calculated using the 

following formulae: Seedling vigour index-I (SVI-I) = {seed 

germination (%) × seedling length (cm)}; Seedling vigour index-II 

(SVI-II) = {germination (%) × seedling dry weight (g)}. Field 

emergence (FE) was tested for both fresh and accelerated-aged 

seeds by sowing 50 seeds per replication in four replications. The 

seeds were planted in cement pots (45 cm diameter) filled with a 

soil mixture of red and black soils in appropriate proportions. After 

20 days, the number of seedlings with leaves above the soil surface 

was counted and expressed as a percentage. 

Seed storability  

The accelerated ageing (AA) test for seed was conducted in an 

ageing chamber (Memmert-HPP 108/749, Germany) (19). The 

sampled seeds from each stage of maturation were subjected to 

accelerated ageing. The seeds in a single layer were placed on 

stainless steel mesh racks inside the ageing chamber to create a 

higher humidity of 90 % at 44 ± 1 °C during the test for required 

periods (as identified with prior standardization) specific to 

foxtail millet.  

α-amylase enzyme activity in seedling 

Dry seeds weighing 0.2 g were allowed to germinate in petri-

plates with moistened filter paper. The samples were harvested 

on the 3rd, 5th and 10th days of germination. The samples, in 

triplicates, were used to estimate the α-amylase activity, assayed 

according to earlier reported procedure (20). The α-amylase 

activity was expressed as the number of micromoles of maltose 

released per minute by total enzyme extract from 100 seeds 

(after converting sample weight into number of seeds using test 

weight of respective harvest stages) (µmol. min-1. 100 seeds-1).  

Electrical conductivity test 

One gram of seed from each harvest was weighed and then 
immersed in 100 mL deionized water at 25 °C for 24 hr. The 

electrical conductivity of leachates for four replicates was 

measured using a conductivity meter (Systronics Model 306, 

India) and conductivity per gram of seed weight was calculated 

(µS.cm-1.g-1) and recorded.  

Harvest stages (HS) 
Days after anthesis (DAA) 

I II III IV V VI VII VIII 

Year 1 7 14 21 28 35 42 49 56 

Year 2 14 21 28 35 42 49 56 63 

Table 1. Mean number of days required after anthesis for harvest stages at equal intervals after stage-I (at visibility of seed setting) to stage-VIII 
(at visibility of over-matured seeds) in foxtail millet cultivars Suryanandi and SiA 3156 
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Statistical analysis 

The data were transformed into arc-sine values wherever 

necessary and ANOVA was performed in a RCBD using a statistical 

software package (Statistix, version 8.1). The polynomial 

regression model, adjusted to the second order (degree), was 

applied to predict the right stage of harvests to obtain maximal 

seed yield, vigour and storability traits.  

  

Results and Discussion  

Seed moisture content and hardness 

Completion of anthesis required 64 days after sowing (DAS) in 
foxtail millet cultivars Suryanandi and SiA 3156 during both 

seasons of experimentation. The seed developmental phase 

required about one week (7 DAA) in year 1 and two weeks (14 

DAA) in year 2 in both the cultivars, indicating a varying 

physiological response for seed setting under different climatic 

conditions across years (Fig. 1). The first stage of harvest (HS-I), 

however, resulted in immature seeds, mostly with high moisture 

content. The maturation of seeds progressed gradually with a 

loss of seed moisture and a gain in seed hardness and test 

weight, considerably during subsequent harvests at weekly 

intervals, which continued until maximum dry matter 

accumulation i.e. the probable stage of PM at 35 DAA (year 1) and 

42 DAA (year 2) in both cultivars (Fig. 2a-d). At the time of 

transition from seed development to maturation phase, a series 

of cell divisions and cell differentiations occur, which differ 

between early reserve accumulation and late maturation drying. 

Seed acquires desiccation tolerance during early maturation and 

the mechanisms behind the onset of desiccation tolerance are 

activated in orthodox seeds (21). Sequential changes occur in the 

seed from fertilization until the seed turns independent from the 

mother plant due to cessation of nutrient supply (22). 

Technically, the matured seed exhibits sufficient moisture, 

maximum dry matter, high germination and vigour (6, 7, 22, 23).  

Seed test weight and yield  

The seed test weight, seed yield per plant and plot reached 

maximum levels at 35 DAA and thereafter declined significantly 

during year 1 (Fig. 2a, b). In contrast, during year 2, seed test 

weight continued to increase significantly even after 35 DAA and 

reached 

maximum at 42 DAA (Fig. 2c, d). The seed yield per plant in cv. 

Suryanandi was on par between 35 and 42 DAA, however, the per

-plot yield recorded significant reduction. Whereas in case of cv. 

SiA 3156, seed yield per plant reduced significantly from 35 to 42 

DAA, but the reduction was on par with yield per plot. In foxtail 

millet, the seeds are delicately attached in panicles at maturity, 

which leads to faster and irregular shattering of seeds among the 

plant population, causing a reduction of seed yield. However, the 

level of shattering differs between cultivars and hence the variation 

in seed yield was observed in two cultivars at 42 DAA. Late harvests 

lead to loss in seed yield due to shattering, damage to seed and the 

risk of rain, which results in poor-quality seeds (6, 7, 24).  

 A polynomial regression model was applied to predict the 
seed yield, which indicated the highest yield at 35 DAA in cv. 

Suryanandi (R2 = 0.716) and cv. SiA 3156 (R2 = 0.816) during year 1 (Fig. 

2e). However, the polynomial regression for year 2 revealed 

maximum yield per plant at 38 DAA in cv. Suryanandi (R 2 = 0.933) and 

cv. SiA 3156 (R2 = 0.852) (Fig. 2f). Maximum dry matter accumulation 

in the seed is an indicator of PM, whereas the end of seed filling 

phase is termed as mass maturity (8, 25, 26). At this stage, the 

panicles of foxtail millet turn brown and the seeds became hard, 

shiny, pale-yellow, with elliptic streaks (Fig. 3a-e). When the seed 

coat was removed at maturity, a marked layer of dark-brown 

depression was found at the hilum end of the seed (Fig. 3f). These 

visual signs could serve as morphological indicators of seed 

physiological and harvestable maturity in foxtail millet, as reported in 

other crops like sorghum, barnyard millet and kodo millet (6, 7, 27, 28).     

Seed quality and storability 

Inadequate development of essential structures and protection 

mechanisms in early harvests leads to poor quality of seeds, 

whereas during late stages of seed maturation, the protection 

mechanisms are fully developed; therefore, the identification of 

the proper stage of harvest remains critical for seed quality and 

storability (29-31). In the present study, with the progress of seed 

maturation in the field, the seed quality traits viz. germination, field 

emergence and seedling vigour of fresh seeds increased steadily 

(Fig. 4a-f). The seed quality traits reached a maximum at 35 DAA 

during year 1 and thereafter declined gradually, with the decline 

was more prominent in aged seeds, indicating that seed viability 

would be lost faster due to delay in harvest after 35 DAA in foxtail 

millet (Fig. 4a-d). However, during year 2, the seed quality traits 

were maximum with the harvest at 42 DAA, though on par with 35 

 

Fig. 1. Temperature and relative humidity during two post-rainy seasons (January to May 2019 and December 2019 to April 2020) at 
Hyderabad, India.  
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Fig. 2a-d. Effect of different stages of harvest (DAA) on yield (YLD), moisture content (MC), hardness (HN) and test weight (STW) of fresh seeds 
during year 1 (Yr. 1) and year 2 (Yr. 2) in foxtail millet. The mean data with different labels (a, b, etc.) indicate significant differences as per 

Tukeys HSD all pairwise comparison test. e, f.  Polynomial regression analysis for seed yield traits against days after anthesis (DAA) during year 
1 (Yr.1) and year 2 (Yr.2) in foxtail millet.  

Fig. 3.  Appearance of foxtail millet panicles and seeds at different stages of seed development and maturation. a. Panicle at flowering stage, 
b. Initial stage of seed maturation in panicles, c. Seed maturation progressing from tip towards bottom of the panicles, d.  Appearance of 

panicles at maturity stage with most of the panicles in brown colour, e.  Seeds become hard and shiny with pale-yellow patches and projected 
streaks at maturity, f.  When seed coat is removed at maturity, a depression in dark-brown colour appear at hilum end of seed.  

(a) (b) (c) (d) 

(e) (f) 
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DAA for these traits (Fig. 4e, f). After 42 DAA, seed germination, field 

emergence and seedling vigour traits decreased significantly.  

 The predictions based on polynomial regression indicated 

that the seed germination and seedling vigour of fresh (fr) and 

aged (aa) seeds were highest at 35 DAA during year 1 (R2 = 0.97 for 

G.fr %, 0.86 for G.aa %, 0.94 for SVI-I.fr, 0.86 for SVI-I.aa in cv. 

Suryanandi; and R2 = 0.99 for G.fr %, 0.86 for G.aa %, 0.96 for SVI-I.fr, 

0.84 for SVI-I.aa in cv. SiA 3156) (Fig. 5a, c). However, during year 2 

the regression model predicted maximum germination and 

seedling vigour of fresh seeds at 38 DAA (R2 = 0.91 for G.fr %, 0.94 for 

SVI-I.fr in cv. Suryanandi; and R2 = 0.86 for G.fr %, 0.89 for SVI-I.fr in 

cv. SiA 3156) (Fig. 5b, d).   

 At PM, most of the seeds exhibit maximum vigour and 

viability and it is the point of maximum seed quality (10, 11). During 

year 1, the maximum temperatures recorded during harvest 

stages were 2 °C higher than year 2, whereas the minimum 

temperatures were lower than those in the later year (Fig. 1). The 

growing degree-days (GDD) of heat energy accumulation 

determine plant growth, development and PM (32, 33). From these 

results it is evident that foxtail millet seeds are more prone to field 

weather conditions and even a week delay in harvest leads to 

significant loss of quality, particularly the seed storability. This is 

due to the exposure of overmatured seeds to varied weather 

conditions, particularly temperature, which contributes to a 

decline in seed vigour and viability (34-36). The high temperatures 

and drought during anthesis and seed development stages affect 

the seed quality due to deterioration (37, 38). The exposure of 

seeds to unfavorable weather conditions due to delayed harvest 

leads to the deterioration of seeds in field itself (39).  

Membrane integrity and leakage of electrolytes 

During seed deterioration, loss of membrane integrity is the 

primary physiological event as indicated by electrical 

conductivity (EC) test (19). During year 1, the EC (μS/cm/g) values 

of fresh and aged seeds harvested at weekly intervals showed 

higher values at initial stage of harvest, then decreased 

significantly until 35 DAA and subsequently rose gradually with 

delayed harvests (Fig. 4a, b). Due to desiccation, immature seeds 

are more prone to electrolyte leakage during the initial 

germination process (40). Comparatively, the aged (aa) seeds 

recorded higher EC values than fresh seeds at all harvest stages 

 

Fig. 4a-f.   Effect of different stages of seed harvest (DAA) on seed germination, field emergence and electrical conductivity and seedling vigour 
index of fresh and aged seeds in year 1 (a-d) and year 2 (e-f) in foxtail millet. G.fr %: germination of fresh seeds, G.aa %: germination of aged 

seeds, SVI.fr:  seedling vigour index of fresh seeds, SVI.aa:  seedling vigour index of aged seeds, FE.fr %: field emergence of fresh seeds, FE.aa %: 
field emergence of aged seeds,  EC.fr-(µS/cm/g): Electrical conductivity of fresh seeds,  EC.aa-(µS/cm/g): Electrical conductivity of aged seeds, 

Yr.1: Year 1, Yr.2: Year 2, DAA: days after antheseis. The mean data with different labels (a, b, etc.) indicate significant differences as per Tukeys 
HSD all pairwise comparison test.  
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Fig. 5a-d.  Polynomial regression analysis for seed germination, vigour and storability traits against days after anthesis (DAA) during year 1 
(Yr.1) and year 2 (Yr.2) in foxtail millet. Dots represent individual observations in regression analysis of different traits. a, c. germination and 

seedling vigour index-I of fresh seeds (G.fr %, SVI-I.fr) and aged seeds (G.aa %, SVI-I.aa) in year 1 (Yr.1), b, d. germination and seedling vigour 
index-I of fresh seeds (G.fr %, SVI-I.fr) in year 2 (Yr.2)  
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in both the cultivars. Significant increase in EC values of aged 

seeds at later stages after 35 DAA indicates the starting of the 

deterioration process, with gradual loss of membrane integrity 

leading to reduced seed viability. The seeds harvested at 35 DAA 

were vigorous and more capable of reorganizing the cell 

membrane compared to the seeds harvested at other stages, 

which had lower vigour and reduced membrane integrity, as 

indicated by greater electrolytes leakage (Fig. 4a, b). Similarly, 

high vigour seeds were negatively correlated with electrolytes 

leakage (41). Seed quality deterioration was evident due to 

ageing, with increased EC and reduced enzymes activity (6, 7, 42).  

α-amylase enzyme activity 

During seed maturation, α-amylase is very important enzyme for 

the formation of storage starch granules and this enzyme is 

essential for the hydrolysis of stored reserves during seed 

germination to provide energy and nourish the developing seedling 

(43). The α-amylase activity was maximum in seeds harvested 

during year 1 at 21 DAA and later the activity remained stable until 

42 DAA; however, at later stages it decreased, as observed at 5th day 

of germination and remained more or less same as observed on the 

3rd and 10th days of seed germination (Fig. 6). During seed 

germination test, the α-amylase activity increased gradually until 5th 

day of seed germination and then started declining by the end of 

the test at 10 days. Seed vigour and storability are affected initially 

by harvesting conditions, which was reflected by the decrease in α-

amylase activity (44). The α-amylase activity was high during the 

later stages of seed germination with the seeds harvested at full 

maturity and with higher vigour (6, 7, 45). 

 The study clearly highlighted the effects of seed 

maturation stages and the influence of two different post-rainy 

seasons on seed yield, germination, seedling vigour and 

storability and revealed that the seeds reached to PM at 35 DAA 

during year 1 and at 38 DAA during year 2 in foxtail millet 

cultivars. The storability was highest with the seeds harvested at 

35 DAA, which had significantly higher germination, seedling 

growth and vigour, all of which were reduced at a faster rate 

during later harvest stages, as reflected by increased electrolyte 

leakage. The seeds harvested at PM are superior in seed quality 

under stress conditions (46). Immature seeds with poor quality 

can potentially lead to poor plant stand establishment and 

consequent decrease in productivity of the crop. During delayed 

harvests, the seeds get exposed to adverse dry weather 

conditions, which can lead to seed shattering and damage seed 

quality (47). It is important to identify the appropriate stage of 

seed maturity, with minimal loss in yield and quality, as the 

protection mechanisms are built during the late seed maturation 

phase (6, 7, 30, 31, 48). Early harvesting of seeds with inadequate 

development of essential structures and protection mechanisms 

may result in poor quality (29). The variation in the levels of late 

embryogenesis abundant (LEA) proteins during seed maturation 

impacts desiccation tolerance and seed viability (49). 

 Seed development begins shortly after fertilization and 

continues until the seed reaches its maximum fresh weight and 

maturation and the final phase of seed development continues 

until harvest (50). The stages of seed development and maturation 

are identified by changes in seed moisture, dry matter 

accumulation, desiccation tolerance and the achievement of peak 

seed vigour and storability at harvest maturity (HM). When peak 

seed vigour aligns with PM, it generally indicates the optimal time 

for harvest (51). Thus, HM refers to the stage in seed development 

when the majority of the seeds are most suitable for harvesting, 

producing high-quality seeds with desirable traits such as 

storability and handling properties (10). PM marks the end of the 

seed filling phase, whereas HM occurs at the point when 

maturation drying is complete (8). The HM is the stage when majority 

of the seeds in the plot are  ready for harvesting, ensuring both high 

quality and yield while considering storage, handling characteristics 

to prevent mechanical damage and minimizing field losses due to 

ineffective harvesting equipment (10). In practice, the timing of HM 

can vary across crops and weather conditions. The term HM is not 

clearly defined, as it can differ depending on the crop, farming 

systems and geographical locations (9).  

 In foxtail millet, the highest seed yield and quality were 

observed with the harvests at 35 DAA in year 1 and 38 DAA in year 

2, thus revealing that PM generally occurs between 35 and 38 

DAA and the optimal harvest window is between 35 and 42 DAA 

during the post-rainy season. Harvesting beyond this point of PM 

resulted in reduced yield from seed shattering and a decline in 

seed quality and storability, caused by the deterioration of seeds 

in the field due to adverse weather conditions during the 

summer months. Therefore, in foxtail millet the study clearly 

indicated that during post-rainy season, the PM is the correct 

 

Fig. 6.  Effect of different stages of seed harvests (DAA) during year 1 (Yr.1) on α-amylase activity (µmol maltose.min-1.100 seeds-1) at 3rd, 5th and 
10th day of seed germination test period in relation with seedling vigour index of fresh seeds (SVI-I.fr and SVI-II.fr) in foxtail millet.  
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stage of seed harvest and hence the stage of HM coincides with 

PM. In foxtail millet and other small millets, the indeterminate 

growth habit, uneven maturity, lodging and seed shattering are 

some of the key problems that limit the yield. Environmental 

factors and agronomic practices can significantly affect the 

maturity stage of the seed crop (52). Predictions made using a 

second-order polynomial regression model for seed yield, 

germination, vigour and storability closely aligned with the 

identified stages of physiological and harvest maturity in foxtail 

millet cultivars. The polynomial regression model was also used  

to predict physiological and harvest maturity stages based on 

seed physiological and biochemical traits (6, 7, 24, 46, 53).  

 

Conclusion  

The study examined the impact of seed maturation on the 

physiological seed quality traits as well as the seed yield of foxtail 

millet during two post-rainy seasons. The results provided 

valuable insights revealing that PM generally occurs between 35 

and 38 DAA and the optimal harvest window is between 35 and 

42 DAA during the post-rainy season in foxtail millet. Harvesting 

too early or too late, depending on environmental conditions, 

can lead to significant losses in both seed yield and quality. The 

findings contribute to improved timing of harvest, helping to 

mitigate the adverse effects of premature or delayed harvesting 

and ensuring maximum seed yield, vigour and storability in 

foxtail millet. The visual signs identified on the panicle and seeds 

at the PM stage could serve as effective morphological indicators 

for judging the appropriate stage of harvest to ensure high-

quality seed production in foxtail millet. While the current results 

are promising, their generalization across the foxtail millet  

cultivars requires validation. To ensure the broader applicability 

of these findings to foxtail millet cultivation, it is essential to 

conduct further investigations involving a greater diversity of 

cultivars across diverse locations and growing seasons. 
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