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I. Introduction 

Proso millet [Panicum miliaceum L.] (syn. : Common millet,  it is third-most cultivated millet. It is an erect 

herbaceous annual which tillers profusely belongs to the family of Poacea. The inflorescence is a much branched 

panicle without bristles having spikelets at the tips if the branches. Usually the last or the fourth glume encloses 

a perfect flower which sets grain. The glume and palea are firmly attached to the grain. The seeds may be creamy 

white, yellow, red or black. In India proso millet is largely grown in Madhya Pradesh, eastern Uttar Pradesh, 

Bihar, Tamil Nadu, Maharashtra, Andhra Pradesh and Karnataka. 

Seed maturity is the crucial and most important factor determining the seed quality under successful seed 

production programme. Physiological maturity of the seeds is widely defined as the stage at which the seed attains 

its maximum dry weight and related physical characters (Shaw and Loomis, 1950). This can be visualized by 

changes in colour of either pod or seed or both ( Khattra and Singh, 1995).  Abdul-Baki and Baker (1973) used 

the fresh weight of seed as an index for differentiating the development and maturation of seeds. Seed production 

in this crop fetches importance owing to their shattering habit on attainment of maturity. Fixation of optimum 

stage of physiological as well as harvestable maturity will ensure better quality seed and reduce shattering loss. 

Knowledge on the pattern of seed development and maturation are highly wanted in seed production of any 

cultivated species. Hence, studies were carried out with the objective to identify the pattern of seed development 

and maturation to fix the physiological maturity of seeds. 

 

II. Materials and Methods 

The study was conducted with proso millet seeds obtained from department of millets, Tamil Nadu Agricultural 

University, Coimbatore formed the base material. The field experiment was conducted at Department of Seed 

Science and Technology, Agricultural College and Research Institute, Madurai to trace the pattern of seed 

development and maturation, where all the agronomic practices were carried out as per recommendation.  

EXPERIMENTAL DETAILS 

 

Design Randomized block design (RBD) 

Replication  3 

Season Kharif  (2016) during June – October 

Spacing  25 x 10 cm 

Plot size 5 m x 4 m 

 

The field trial was conducted during June- October 2016 with recommended package of practices and the 

following growth and yield parameters were recorded. 

TREATMENT DETAILS 
T1- 5 DAA 

Abstract: The present investigation was carried out during 2015 – 16 to identify the seed development 

maturation studies in proso millet. The results revealed that seeds attained physiological maturity on 35 days 

after anthesis as evidenced by the maximum panicle length (31.4 cm), width (5.3 mm), fresh weight (4.18 g), 

dry weight (2.15 g) and 1000 seed weight (5.85 g). The change of colour of panicle and seed from green to 

lemon yellow could be considered as a visible index of maturity. The seed quality parameters viz., germination 

(42 %), shoot length (11.3 cm), root length (14.2 cm) and dry matter (0.036 g/10 seedlings) and vigour index 

(489) were also maximum at 35 days after anthesis.  
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T2- 10 DAA 

T3- 15 DAA 

T4- 20 DAA 

T5- 25 DAA 

T6- 30 DAA 

T7- 35 DAA 

T8- 40 DAA 

(DAA – Days after anthesis) 

During anthesis, randomly selected panicles were tagged to study the physiological maturity. Panicles were 

harvested at five days intervals up to 40 days after flowering. The observations on panicle length, width, fresh 

weight, dry weight and 1000 seed weight and physiological quality of seeds viz., moisture content and germination 

(ISTA, 1999), root length, shoot length, dry matter production and vigour index (Abdul-Baki and Anderson,1973) 

were recorded. Data obtained were analysed using “F” test for significance following the methods described by 

Panse and Sukhatme, (1999). 

 

III. Results  

Seed maturation refers to morphological, physiological and functional changes which occurs from fertilization to 

till the seeds become ready to harvest. All the  parameters viz., panicle length, width, fresh and dry weight of 

panicle, panicle and seed moisture content, 1000 seed weight, germination, root length, shoot length, seedling dry 

matter production, vigour index showed highly significant differences at different stages of maturity.  

Panicle length (cm): 
The panicle length increased from 25.3 cm at 5 days after anthesis (DAA) to 31.4 cm at  35 DAA. There after the 

length decreased to 31.2 cm at 40 DAA.(Table1) 

Panicle width (mm): 

During the seed maturation stages the differences in width of panicle was highly significant. The panicle width 

increased from 2.1 mm at 5 DAA to 5.3 mm at 35 DAA and decreased to 5.2 mm at 40 DAA. (Table1) 

Fresh weight of panicle (g): 

The fresh weight of the panicle increased considerably from 0.65 g at 5 DAA to 4.18 g at 35 DAA. The fresh 

weight of panicle decreased to 4.03 g at 40 DAA.(Table1) 

Dry weight of panicle (g): 

The dry weight increased from 0.18 g at 5 DAA and attained maximum of 2.15 g at 35DAA. (Table1) 

 Panicle moisture content (%): 
The maximum panicle moisture content (86.1 %) was noticed at 5 DAA then decreased gradually and reached 

minimum (26.4 %) at 40 DAA.(Table1) 

Panicle colour:  

The panicle was light green at 5 DAA, turned to green at 20 DAA and it was yellowish brown at 35 DAA and 

finally became brown at 40 DAA. (Table 1) 

Thousand seed weight (g): 

The weight of 1000 seeds showed a steady and significant increase over the period of seed maturation. Thousand 

seed weight was increased gradually from 10 DAA (1.08 g) to 35 DAA (5.85 g) and decreased (5.62 g) at 40 

DAA.(Table 1) 

Seed moisture content (%): 

The highest seed moisture content was registered at 5 DAA (78.6 %), which decreased gradually and reached the 

minimum in 40 DAA (20.3 %). The panicles from first three stages of development (5, 10 and15 DAA) did not 

produce any seeds. The higher rate of reduction in moisture content was observed between 10 DAA and 20 DAA 

(Table 2). 

 Seed colour:  
The seed was whitish green at 10 DAA, turned to light yellow at 20 DAA and it was lemon yellow at 35 DAA 

and finally became dark shiny lemon yellow at 40 DAA (Table 2).  

Physiological quality parameters: 

Germination (%): 

As the seed maturation stages advanced, significant increase in germination percentage was noticed. The 

maximum germination was observed at 35 and 40 DAA (42 %) and 20 DAA recorded the minimum (6%) 

germination. (Table 2). 

Root length (cm):  

he root length increased gradually from 5.7 cm at 20 DAA to 14.2 cm at 35 DAA and then decreased at later stage 

(Table 2). 

Shoot length (cm):  
The shoot length increased from 3.8 cm at 20 DAA to 11.3 cm at 35 DAA and decreased thereafter (Table 2). 
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Dry matter production (g seedlings-10): 

The seedling dry matter production increased gradually from 0.015 g at 20 DAA to 0.036 g at 35 DAA and 

thereafter decreased to 0.032 g at 40 DAA  (Table 2). 

Vigour index: 

The vigour index increased from 29 at 20 DAA to 489 at 35 DAA and decreased at later stage (Table 2). 

IV. Discussion 

Seed maturation as the period between fertilization and harvest during which the crop undergoes morphological, 

physiological and functional changes in both fruit and seed (Milthorpe and Moorthy,1979). According to 

Harington (1972), physiological maturity is the stage at which the seed reaches its maximum dry weight, and 

makes the end of the seed filling period. Studies on the pattern of seed development and assessment on time and 

indices of maturity have greater practical utility on production of quality seeds.  

In the present study, the pattern of seed development and maturation in prosomillet was traced out to fix the 

optimum time and induces of physiological maturity for harvesting of quality seeds. In the present investigation, 

the observations taken on panicle characters revealed that panicle length and width observed a steady increase 

with advances in maturity from 5 DAA to 40 DAA. The fresh weight of panicle attained their maximum at 35 

DAA and thereafter decreased drastically. The rapid seed growth after fertilization to 5 DAA might be due to 

more uptake of nutrients and also accumulation of photosynthates from source to sink (Patel et al,1977) which 

increases with maturity, recording the highest fresh weight at 35 DAA. The declining trend in fresh weight after 

35 DAA might be due to the rapid dehydration and shrinking of panicles similar results reported by Sundareswaran 

et al., 2011 and Jeyanthi et al.,2013. 

The loss of water during maturation is an inherent phase of development. The decrease in moisture content  of 

panicle in the present study, as maturity advanced is probably due to the utilization of water in various metabolic 

activities and removal of water by desiccation caused by surrounding environment (Sreeramulu  et al.,1992). 

Seed maturation is not an obligatory process for the acquisition of germinability that the seed (or) at least the 

embryo there in, is capable of germinating during development. Germination capacity is the prime indicator of 

seed quality.  

In these present study seeds stunted germination precociously, and germination capacity increase with increase in 

maturity. This might because during early development, the embryos initially lack of sufficient nutrients to support 

their continued development to a germinal stage, and also the lack of nutrients and stored reserves to support 

germination and post germination growth. Seedling length and dry weight increase with maturity. Similar results 

reported by Ellis et al.,1987 and Gurusamy and Thiagarajan,1988. Seed color also as the visual index of seed 

maturation both with pod and seed (Srimathi, 1997 and Parmeswari ,1999 ). 

In the investigation also similar observation were made, where the panicle color changes from light green to green 

to yellowish brown to brown, coincide with the 35 DAA the predicted day of maturation in conjunction with 

physical and physiological status of seed. The color change could also observed in seed where the white seed turn 

to light green to light yellow to lemon yellow and then dark shiny lemon yellow color coincide with physiological 

maturity stage of seed and it coincide 35 DAA, the observed duration for seed development and maturation. 

Similar results in change of seed colour were also reported by Banuah and Paul, (1997), Natarajan and 

Srimathi,2008 and Sundereswaran et al.,2011 

The root length and shoot length as a measure of seedling vigour as they reveal the performance of the seed under 

given environment conditions. The root and shoot length of the present study increase with advances in maturation 

and were maximum at 35 DAA, which was in coincidence with stages of dry weight of seed and germination. The 

seedling length and dry matter which is another parameter for the measurement of seeds vigour was also in 

increasing order due to accumulation of higher quantum of fresh and dry weight in panicle and seed as the 

maturation stage advances up to 35 DAA. Thereafter the dry matter production decrease slightly which was 

claimed to be due to the development of in built mechanism that involved in the disorganization of cell organelles 

in the few days after physiological maturity (Heydeker,1973). 

The increase in dry matter production by the seedling and vigour index values were also exhibited the similar 

trends as that of germination root length, shoot length which indicated the attainment of physiological maturity of 

the seeds at 35 DAA.(Table 2). Similar results were also reported by  Suresh babu et al.,2003; Natarajan and 

Srimathi, 2008; Sundereswaran et al., 2011 and Jeyanthi et al., 2013. 

 

V. Conclusion 
In the present investigation, based on various changes in developing and maturing seeds of proso millet, 35 DAA 

are identified as physiological maturity stage. Harvesting of proso millet seed crop within a week after 

physiological maturity will enable to get seeds of best quality and minimize the seed losses.  
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Table 1. Changes in panicle length (cm), width (mm), moisture content (%), fresh and dry  

               weight of seed    panicle (g), 1000 seed weight (g) and panicle colour during seed   

               development and maturation in Proso millet var. CO(PV) 5 

Treatments 

Panicle 

length 

(cm) 

Panicle 

width 

(mm) 

Fresh weight 

of  panicle (g) 

Dry weight of  

panicle (g) 

1000 seed 

weight 

(g) 

Panicle 

moisture 

content (%) 

Colour of 

panicle visual 

observation 

T1 - 5 DAA 25.3 2.1 0.65 0.18 0 86.1 (68.11) Light green 

to 
Green 

to 

Yellowish 
brown 

to 

Brown 

T2 -10 DAA 26.9 2.4 0.97 0.29 1.08 78.7 (62.52) 

T3 -15 DAA 29.0 2.8 1.52 0.68 2.12 61.2 (51.47) 

T4 -20 DAA 30.4 3.5 2.33 0.93 3.01 50.6 (45.35) 

T5 -25 DAA 30.9 4.3 3.70 1.27 3.86 42.8 (40.86) 

T6 -30 DAA 31.3 5.2 4.11 1.88 4.97 33.7 (35.49) 

T7 -35 DAA 31.4 5.3 4.18 2.15 5.85 29.5 (32.90) 

T8 -40 DAA 31.2 5.2 4.03 2.15 5.62 26.4 (30.92) 

Mean 29.6 3.9 2.70 1.20 3.31 51.1 (45.96)  

SEd 0.759 0.078 0.088 0.035 0.081 0.922  

CD (P =0.05) 1.629 0.168 0.190 0.075 0.173 1.978  

(Figures in parentheses indicate arc sine values)  (DAA – Days after anthesis) 

 

Table 2. Changes in seed germination (%), root length (cm), shoot length (cm), moisture content  

                (%), dry matter production (g), vigour index and seed colour during seed  

               development and maturation in Proso millet var. CO(PV) 5 

Treatments 
Germination 

(per cent) 

Root 

length 

(cm) 

Shoot 

length 

(cm) 

Seed 

moisture 

content 

(%) 

Dry matter 

production 

(g seedling-10) 

Vigour 

Index 

Colour of seed 

visual observation 

T1 - 5 DAA 00 (1.65) 0 0 78.6(62.45) 0 0 White to 

Light green 

to 

Light yellow 

to 

lemon yellow 

to 

Dark shiny lemon 

yellow 

T2 -10 DAA 00 (1.65) 0 0 62.4(52.18) 0 0 

T3 -15 DAA 00 (1.65) 0 0 50.8(45.46) 0 0 

T4 -20 DAA 06 (14.18) 5.7 3.8 41.1(39.87) 0.015 29 

T5 -25 DAA 17 (24.35) 8.2 6.7 33.9(35.61) 0.021 122 

T6 -30 DAA 29 (32.58) 12.5 9.1 29.8(33.09) 0.029 276 

T7 -35 DAA 42 (40.40) 14.2 11.3 23.7(29.13) 0.036 489 

T8 -40 DAA 42 (40.40) 13.6 10.9 20.3(26.78) 0.032 471 

Mean 17 (19.61) 6.7750 5.2250 42.6 (40.57) 0.0166 173.4167  

SEd 0.365 

 

0.191 
0.162 

0.604 
0.0005 2.386 

 

CD (P =0.05) 0.783 0.410 0.347 1.296 0.0010 5.119  

(Figures in parentheses indicate arc sine values)  (DAA – Days after anthesis) 


