



Effect of Accelerated Ageing on Seed Quality of Combine Harvested Rice Varieties With Different Moisture Levels at Different Maturity Stages

ABSTRACT

An attempt was made at Department of Basic Engineering and Applied Sciences, Agricultural Engineering College and Research Institute, Tamil Nadu Agricultural University, Kumulur, Trichy during 
2024-2025, to evaluate harvesting the seed crop using a combine harvester at different moisture levels (19.21% to 26.65%) and different maturity stages (physiological maturity stage, two days, four days and six days after physiological maturity stage) on rice varieties viz., TRY 3, CO (R) 50 and ADT 54. The seeds were subjected to accelerated aging for 20 days at 40±1°C and 100% relative humidity to determine the effectiveness of seed deterioration. The result revealed that control (un-aged) seeds exhibited superior performance compared to aged seeds across all the varieties and harvesting stages and aging periods. Among the varieties TRY 3 and ADT 54 recorded highest germination of 80% and 81% up to 7 days after ageing, after that drastically reduced the germination, whereas CO (R) 50 recorded 81% germination up to 6 days ageing. The electrical conductivity and pathogen infection were increased when the ageing period were increased. The biochemical continents (dehydrogenase and alpha amylase activity) reflected the same trend as on germination percentage.  From this study it could be concluded that 6-7 days of accelerated ageing is considered as optimum duration of ageing for combine harvested rice varieties with different moisture levels at different maturity stages.
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1. INTRODUCTION

Rice is one of the most important staple crops globally, providing sustenance to over half of the world’s population. In India, it is cultivated on approximately 47 million hectares, yielding 137 million tonnes at an average productivity of 4.2 tonnes per hectare during 2023–2024 (Indiastat, 2023). Seed vigour plays a critical role in ensuring successful crop establishment, as seeds with higher vigour can withstand adverse conditions, such as elevated temperature and humidity, and still produce normal seedlings in germination tests. Among various methods to assess seed vigour, the accelerated ageing (AA) test is widely recognised for its strong correlation with field emergence and storage potential. Seed ageing is an inevitable physiological process that gradually reduces seed quality during storage. Seeds are particularly prone to deterioration when stored under unfavourable conditions, including high temperature and relative humidity. The accelerated ageing test simulates natural ageing under controlled conditions, allowing rapid evaluation of seed longevity and storability. By exposing seeds to elevated temperature and humidity, this method intensifies the ageing process, seed vigour, physiological changes, and biochemical alterations associated with ageing. Previous research studies have demonstrated that accelerated ageing in rice often leads to reduced germination and seedling vigour. This decline is primarily attributed to increased moisture absorption, lipid peroxidation, and compromised membrane integrity (Kapoor et al., 2011; Bijanzadeh et al., 2017). Disruption of cellular membranes not only promotes solute leakage but also increases susceptibility to pathogen attack, while oxidative stress further accelerates deterioration by damaging proteins, nucleic acids, and enzymes essential for germination.
Membrane disruption is a primary factor contributing to seed deterioration, resulting in the inability of seed cells to maintain their normal structural integrity and physiological functions. This disruption is largely driven by increased levels of free fatty acids and the generation of free radicals through lipid peroxidation (Tilebeni and Golepayegani, 2011; Bijanzadeh et al., 2017). Since rice varieties differ in seed composition, antioxidant activity, and membrane stability, they show distinct responses to accelerated ageing. Understanding these varietal differences is essential for identifying genotypes with superior storability and for developing effective storage and seed management strategies. Although seed ageing has significant implications, studies on its effects on germination in combine-harvested rice varieties remain limited. Accordingly, the present study was to evaluate the impact of seed ageing on germination, including biochemical changes of three rice varieties harvested using a combine harvester with different maturity levels and moisture content, to identify the best maturity for harvesting the seed crop.

2. MATERIALS AND METHODS

The study was carried out at the Department of Basic Engineering and Applied Sciences, Agricultural Engineering College and Research Institute, Tamil Nadu Agricultural University, Kumulur, during the 2024–2025 cropping season. Three rice varieties-TRY 3, CO (R) 50, and ADT 54 were harvested using a combine harvester at different seed moisture levels ranging from 19% to 27%. The experiment included harvesting at four distinct maturity stages: physiological maturity, two days after physiological maturity, four days after physiological maturity, and six days after physiological maturity, to evaluate the effect of accelerated ageing on germination, seedling vigour, and biochemical composition. For the accelerated ageing treatment, seeds were exposed to a temperature of 40°C and 100% relative humidity to expedite the deterioration process. The seeds were packed in paper bags with uniform pin-head-sized perforations and placed in ageing jars containing 100 ml of distilled water to maintain 100% relative humidity. The seeds were incubated at 40°C for varying durations ranging from 0 to 20 days to assess the impact of ageing on the evaluated parameters.

2.1 Germination test

Germination was tested by the roll towel method using 50 seeds in eight replications. The experiment was laid out in a completely randomized block design. Fourteen days after sowing, percent germination was computed (ISTA, 2013). Ten seedlings from each replication were randomly taken and root and shoot lengths were measured. The seedlings were then oven dried at 85oC for 24 hours. The vigour index was derived from the following formula (Abdul Baki and Anderson, 1973).

Vigour Index = Germination (%) × Total seedling length (cm)            (Eqn 1)
2.2 Seed Health Test


Four replicates of 25 seeds were placed equidistantly on three-layered, moistened blotter paper in sterilized petri plates. They were incubated at 20°C for seven days with alternate cycles of 12 h in the near ultraviolet (NUV) range band for the remaining 12 h in the dark. On the eighth day, the plates were examined under a stereo binocular microscope (50X) for the presence of seed borne fungi. The number of infected seeds was counted and expressed as per percentage. The fungi present on the seeds were also identified and recorded (ISTA, 2011).

2.3 Electrical conductivity 

Treatment wise twenty-five seeds of different rice varieties at various maturity stages were randomly taken and immersed in 25 ml of distilled water for 16 h. After this period, the solutions agitated slightly and were measured in a digital conductivity meter expressed as dSm-1 (Presley, 1958).

2.4 Dehydrogenase activity 
Representative seed samples from each treatment were pre-conditioned by soaking in water for 16 h at room temperature. From these, forty seeds were randomly selected, and the seed coats were carefully removed. The decoated seeds were immersed in a 0.5% solution of 2,3,5-triphenyl tetrazolium chloride (TTC) and incubated in the dark at 40°C for 4 h to allow staining. Following incubation, the stained seeds were transferred to methyl cellosolve solution (5 ml per 10 seeds) and kept for 4–6 h with intermittent stirring until the complete extraction of red-coloured formazan was achieved. The extract was decanted, and the optical density (OD) of the solution was measured at 470 nm using a spectrophotometer. The recorded OD values were expressed as dehydrogenase activity (Kittock and Law, 1968).
2.5 Alpha amylase enzyme activity 
	Four replicates of 500 mg pre-germinated seed samples from each treatment were homogenized in 1.8 ml of cold 0.02 M sodium phosphate buffer (pH 6.0). The homogenate was centrifuged at 20,000 rpm for 20 min, and the supernatant was used as the enzyme extract. To the 0.1 ml of enzyme extract, one ml of 0.067 per cent starch solution was added. The reaction was stopped after 10 min of incubation at 25°C by the addition of one ml of iodine HCl solution (60 mg KI and 6 mg I2 in 100 ml of 0.05 N HCl). The change in colour intensity was measured at 620 nm using a spectrophotometer (Model SL-159). Enzyme activity was calculated and expressed as mg maltose released per minute (Paul et al., 1970).
α-amylase activity   =
	OD Value
	×
	1000
	(Eqn 2)


	
	Volume of sample pipette out
	
	500
	


2.6 Statistical analysis

The data were examined using the F-test of significance, as described by (Panse and Sukhatme, 1985).  Prior to analysis, the percentage data were transformed to angular (arc-sine) values whenever necessary. The critical differences (CD) were calculated at the 5 % probability level.
3. RESULTS AND DISCUSSION
3.1 Seed Germination

Seed germination significantly decreased with duration of ageing, and significant changes in seed germination were also observed between the treatments, varieties and their interactions. During ageing, the maximum germination was observed in control seeds (93%) and reached a minimum at 20 days of accelerated ageing (21%) (Fig.1). Among the maturity stages, seeds harvested at the physiological maturity stage registered maximum germination (64%), while six days after physiological maturity recorded minimum germination of 60%. Among the varieties of TRY 3, the maximum germination of 67% and ADT 54 recorded the minimum germination of 57%. Govindraj et al. (2017) found that germination and seedling vigour were high in un-aged fresh seeds compared to aged seeds in all the varieties (CR1009 Sub 1, improved white ponni and CO51) in different methods of harvesting and threshing at different intervals after accelerated ageing. Significant progressive reduction in germination per cent with increase in duration of accelerated ageing in rice (Kapoor et al., 2011; Bijanzadeh et al., 2016). Somasundaram and Bhaskaran, 2017). A similar trend resulted with Siadat et al. (2012) in maize and Kumari et al. (2021) in cotton. 

Root length and shoot length were significantly influenced by accelerating ageing duration and varieties. The root length of varieties before accelerating ageing ranged from ADT 54 (19.9 cm) to TRY 3 (23.2 cm), whereas the shoot length ranged from 16.0 cm 
(CO (R) 50) to 16.8 cm (TRY 3). Root length and shoot length were significantly decreased after each period of accelerated ageing. Non-significant variation was observed between the treatments and interactions (Table 1 and Table 2). Lenmem and Devadas (2021) stated that seedling length decreased with an increase in accelerated ageing treatments in rice. Kavitha 
et al. (2017) and Govindaraj et al. (2017) reported that a low respiration rate resulting from ageing might affect the seedling length. Dry matter production and vigour index were not significantly influenced by accelerating ageing duration, treatments and varieties. The highest dry matter was obtained in un-aged control seeds (0.165 g/10 seedlings), and the minimum was at 20 days of ageing (0.131 g/10 seedlings). Among the maturity stages, the physiological maturity stage registered the maximum (0.141 g/10 seedlings) and minimum at six days after physiological maturity (0.123 g/10 seedlings). Among the varieties CO (R) 50 recorded the highest DMP (0.143 g/10 seedlings), followed by TRY 3 (0.133 g/10 seedlings) and ADT 54 (0.117 g/10 seedlings) (Table 3). The reduction in dry matter production due to accelerated ageing is mainly due to poor seedling development (Mosavi et al., 2011).
Vigour index is non-significantly influenced by the duration of accelerated ageing. During accelerated ageing, the maximum seedling vigour in unaged seeds (3597) and gradually declined with the increase in ageing and minimum at 20 days of accelerated ageing (423) (Fig.1). Among the maturity stages physiological maturity stage registered highest seedling vigour (2048) and the lowest vigour index (1712) were recorded at six days after physiological maturity stage. Among the varieties, TRY 3 recorded the highest seedling vigour (2056) while ADT 54 recorded the lowest seedling vigour (1586). The study by Lenmem and Devadas (2021) demonstrated that the dry matter content of seedlings decreased as the ageing period increased in mustard. Additionally, it was reported that the seedling vigour index significantly declined with prolonged ageing duration in urd bean, mung bean, mustard, sunflower, cotton, and pearl millet. Kapoor et al. (2011) observed that a decrease in germinability and seedling vigour occurred as the accelerated and natural ageing were prolonged in rice. 

3.2 Seed Health Test


Pathogen infection of seeds was significantly influenced by the duration of ageing. The pathogens were identified viz., Rhizopus microsporus, Aspergillus niger, brown spot of rice (Helminthosporium oryzae), sheath rot (Sarocladium oryzae). The infection percentage was comparatively lower in un-aged control seeds, but increased steadily with prolonged ageing at 20 days of ageing (65%), indicating that loss of membrane integrity and accumulation of solutes during seed deterioration enhanced susceptibility to infection. Among the maturity stages, the physiological maturity stage recorded the lowest pathogen infection of 21% while the maximum was at 6 days after physiological maturity 31%. Among the varieties, ADT 54 recorded the highest infection with 26% and the lowest in CO (R) 50 at 24% (Fig.2). This might be due to enhanced moisture content, steadily prolonged ageing up to 20 days when compared to un-aged control seeds.
3.3 Electrical conductivity 

Electrical conductivity of seed leachates was significantly influenced by the duration of accelerated ageing the irrespective of the treatment and varieties. The lowest electrical conductivity was observed in un-aged seeds (0.089 dS/m) increased gradually with an increase in duration of accelerated ageing and reached a maximum at 20 days of ageing (0.160 dS/m) (Table 5). Among the maturity stages, the physiological maturity stage recorded the lowest electrical conductivity (0.112 dS/m) and the highest was observed six days after physiological maturity (0.137 dS/m). Among the varieties, the lowest was recorded at ADT54 (0.118 dS/m) and the highest in CO(R) 50 (0.133 dS/m). This might be due to seed deterioration can be effectively assessed through measurements of solute leakage. Since biological membranes regulate the transport of materials, they are critical for maintaining seed viability and vigour. The extent of leakage thus reflects the degree of membrane damage and the efficiency of repair mechanisms in aged seeds, making it a reliable indicator of membrane integrity during seed ageing (Al-Maskri et al., 2003). Khan et al. (2003) reported that loss in seed viability and vigour was associated with increased seed leakage in pea (Pisum sativum L.) seeds when exposed to seed ageing. Parrish and Leopold (1978) determined that free radicals, which are very harmful to living cells, are produced in cell membranes when exposed to accelerated ageing, and may cause membrane damage resulting in ion leakage (as determined via electrical conductivity). 
3.4 Dehydrogenase and Alpha amylase enzyme activity 

Among the accelerated ageing durations, dehydrogenase and alpha amylase activity declined to increase with the ageing duration and reached the minimum at 20 days of accelerated ageing (Table 5 and 6). Among the maturity stages, the maximum dehydrogenase activity occurred at the physiological maturity stage (0.714) and the lowest at 6 days after the physiological maturity stage (0.629). Among the varieties, ADT 54 recorded the maximum dehydrogenase activity (0.678) while the minimum was observed in CO (R) 50 (0.662). Govindraj et al. (2017) reported that dehydrogenase and alpha amylase activity were high in fresh un-aged seeds compared to aged seeds in all the varieties (CR1009 Sub 1, improved white ponni and CO51) in different methods of harvesting and threshing at different intervals after accelerated ageing. In maize, aged seed lots exhibited a progressive decline in amylase activity with increasing duration of ageing (Radha et al., 2014; Kavitha et al., 2017) and in rice (Raja et al., 2019).

4. CONCLUSIONS 
Accelerated ageing led to a progressive decline in seed quality of the three rice varieties, primarily reflected through increased electrolyte leakage and reduced dehydrogenase and α-amylase enzyme activities. Seed moisture content, temperature, and relative humidity were identified as the major factors influencing seed deterioration by triggering biochemical and physiological alterations during storage. The results further revealed that seeds harvested at physiological maturity, as well as up to six days after physiological maturity using a combine harvester, exhibited comparable germination percentages and vigour across varieties under accelerated ageing conditions. Hence, rice seeds harvested between physiological maturity and six days thereafter can be effectively utilized as seed material without compromising viability or seedling vigour.
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Fig.1. Effect of accelerated ageing on seed germination (%) and Vigour index of combine harvested rice varieties at different maturity stages A) TRY 3 B) CO (R) 50 and C) ADT 54
H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage 
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Fig.2. Effect of accelerated ageing on pathogen infection (%) of combine harvested rice varieties at different maturity stages A) TRY 3 B) CO (R) 50 and C) ADT 54 

H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage 
Table 1. Effect of accelerated ageing on shoot length (cm) of combine harvested rice varieties at different maturity stages
	Days (D)
	TRY 3 (V1)
	CO (R) 50 (V2)
	ADT 54 (V3)
	Grand Mean

	
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	

	0
	18.5
	17.2
	16.5
	15.0
	16.8
	17.8
	15.9
	15.2
	14.9
	16.0
	19.2
	17.0
	14.5
	13.6
	16.1
	16.3

	1
	18.1
	15.9
	15.1
	14.9
	16.0
	17.0
	15.3
	14.5
	14.5
	15.3
	18.0
	16.5
	13.5
	12.9
	15.2
	15.5

	2
	16.0
	15.8
	14.9
	13.5
	15.1
	16.2
	14.9
	14.0
	13.7
	14.7
	13.0
	13.1
	12.1
	12.0
	12.6
	14.1

	3
	15.2
	14.9
	14.7
	13.2
	14.5
	15.6
	14.6
	14.0
	13.7
	14.5
	12.0
	11.9
	11.8
	11.7
	11.9
	13.6

	4
	14.6
	14.2
	14.1
	12.9
	14.0
	14.9
	14.2
	13.7
	13.2
	14.0
	11.8
	11.8
	11.5
	11.4
	11.6
	13.2

	5
	14.0
	14.2
	13.9
	12.8
	13.7
	14.4
	13.5
	13.5
	13.1
	13.6
	11.6
	11.6
	11.3
	11.0
	11.4
	12.9

	6
	13.9
	13.8
	13.6
	12.6
	13.5
	14.2
	13.4
	13.4
	12.9
	13.5
	11.6
	11.6
	11.3
	10.9
	11.4
	12.8

	7
	13.7
	13.5
	13.4
	12.5
	13.3
	13.5
	13.0
	12.8
	12.6
	13.0
	11.6
	11.5
	10.9
	10.9
	11.2
	12.5

	8
	13.6
	13.5
	13.5
	12.5
	13.3
	13.4
	12.9
	12.7
	12.1
	12.8
	11.5
	11.4
	10.9
	10.8
	11.2
	12.4

	9
	13.4
	13.3
	13.1
	12.3
	13.0
	13.4
	12.7
	12.6
	12.1
	12.7
	11.3
	11.2
	10.6
	10.4
	10.9
	12.2

	10
	13.3
	13.1
	12.8
	11.8
	12.8
	13.1
	12.7
	12.2
	11.6
	12.4
	11.1
	10.9
	10.3
	10.3
	10.7
	11.9

	11
	13.1
	12.8
	12.5
	11.6
	12.5
	12.9
	12.4
	12.1
	11.5
	12.2
	11.1
	10.9
	10.3
	10.0
	10.6
	11.8

	12
	12.6
	12.3
	11.8
	11.4
	12.0
	12.9
	12.1
	12.0
	11.5
	12.1
	11.1
	10.8
	10.2
	10.0
	10.5
	11.6

	13
	12.4
	12.2
	11.5
	11.2
	11.8
	12.5
	12.0
	11.8
	11.4
	11.9
	10.8
	10.6
	10.1
	9.8
	10.3
	11.4

	14
	12.4
	12.0
	11.2
	11.0
	11.7
	12.3
	11.9
	11.8
	11.4
	11.9
	10.5
	10.3
	9.9
	9.6
	10.1
	11.2

	15
	12.1
	11.9
	10.8
	10.8
	11.4
	11.8
	11.8
	11.5
	11.1
	11.6
	10.5
	10.2
	9.8
	9.6
	10.0
	11.0

	16
	12.1
	11.9
	10.3
	10.3
	11.2
	11.4
	11.3
	11.2
	11.0
	11.2
	10.5
	9.9
	9.5
	8.9
	9.7
	10.7

	17
	11.7
	11.7
	10.1
	9.8
	10.8
	11.2
	11.0
	10.9
	10.8
	11.0
	10.2
	9.8
	8.9
	8.8
	9.4
	10.4

	18
	11.1
	11.1
	9.5
	8.9
	10.2
	10.7
	10.6
	10.6
	10.5
	10.6
	9.9
	8.9
	8.9
	8.5
	9.1
	9.9

	19
	10.9
	10.9
	8.9
	8.5
	9.8
	10.4
	9.8
	9.4
	9.3
	9.7
	9.6
	8.9
	8.3
	7.6
	8.6
	9.4

	20
	10.5
	10.2
	8.7
	8.5
	9.5
	9.8
	9.5
	9.2
	9.2
	9.4
	9.4
	8.3
	7.3
	7.0
	8.0
	9.0

	Mean
	13.5
	13.2
	12.4
	11.7
	12.7
	13.3
	12.6
	12.3
	12.0
	12.6
	11.7
	11.3
	10.6
	10.3
	11.0
	12.1

	
	H1
	12.8
	
	
	H2
	12.4
	
	
	
	H3
	11.8
	
	
	H4
	11.3
	

	
	V
	T
	D
	VT
	TD
	VD
	VTD

	S. Ed
	0.0754
	0.0870
	0.1994
	0.1507
	0.3988
	0.3454
	0.6907

	CD (P=0.05)
	0.1481
	NS
	0.3917
	0.2961
	0.7835
	0.6785
	1.3570


H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage 
Table 2. Effect of accelerated ageing on root length (cm) of combine harvested rice varieties at different maturity stages
	Days (D)
	TRY 3 (V1)
	CO (R) 50 (V2)
	ADT 54 (V3)
	Grand Mean

	
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	

	0
	25.0
	23.7
	22.8
	21.4
	23.2
	24.6
	23.2
	22.6
	20.5
	22.7
	21.3
	20.4
	19.6
	18.2
	19.9
	21.9

	1
	23.8
	21.9
	22.0
	20.0
	21.9
	22.4
	22.3
	22.0
	19.8
	21.6
	20.9
	19.3
	18.5
	17.4
	19.0
	20.9

	2
	 22.6
	21.9 
	20.5 
	19.2
	21.1
	21.9
	21.9
	21.7
	19.5
	21.3
	20.1
	18.6
	17.3
	17.2
	18.3
	20.2

	3
	21.7
	21.3 
	20.3
	18.9
	20.6
	21.1
	20.6
	20.3
	19
	20.3
	18.9
	17.1
	16.6
	16.3
	17.2
	19.3

	4
	19.9 
	19.6
	19.4
	18.7
	19.4
	20.9
	19.8
	19.4
	18.8
	19.7
	17.4
	16.5
	15.8
	15.3
	16.3
	18.5

	5
	19.2
	18.4
	18.2
	17.1
	18.2
	19.8
	19.1
	18.3
	17.8
	18.8
	17.3
	15.9
	15.7
	15.3
	16.1
	17.7

	6
	18.9
	17.9
	17.7
	16.1
	17.7
	19.8
	18.9
	18.0
	17.7
	18.6
	15.9
	15.9
	15.4
	15.2
	15.6
	17.3

	7
	18.9
	17.6
	16.1
	15.9
	17.1
	18.7
	17.7
	17.7
	17.3
	17.9
	15.9
	15.6
	15.2
	15.2
	15.5
	16.8

	8
	18.4
	17.8  
	15.9
	15.8
	17.0
	18.6
	17.3
	17.2
	17.1
	17.6
	15.6
	15.4
	15.1
	14.9
	15.3
	16.6

	9
	18.2
	17.2 
	15.9
	15.9
	16.8
	17.9
	17.2
	17.0
	16.6
	17.2
	15.5
	15.1
	14.9
	14.4
	15.0
	16.3

	10
	17.9 
	16.9
	15.7
	15.1
	16.4
	17.8
	16.9
	16.9
	16.6
	17.1
	15.2
	14.9
	14.8
	14.1
	14.8
	16.1

	11
	17.9
	16.8
	15.0
	14.1
	16.0
	17.5
	16.8
	16.8
	16.5
	16.9
	14.9
	14.8
	14.7
	14.1
	14.6
	15.8

	12
	17.0
	16.7
	14.8
	13.8
	15.6
	17.2
	16.6
	16.5
	16.1
	16.6
	14.7
	14.3
	14.1
	13.9
	14.3
	15.5

	13
	16.6
	16.4
	14.2
	13.7
	15.2
	16.8
	16.6
	16.5
	15.2
	16.3
	14.0
	13.7
	13.4
	13.2
	13.6
	15.0

	14
	16.6
	16.2
	14.1
	13.2
	15.0
	16.5
	16.4
	16.4
	15.1
	16.1
	13.9
	13.8
	13.8
	12.7
	13.6
	14.9

	15
	16.1  
	15.9
	13.2
	12.2
	14.4
	16.4
	16.1 
	15.9
	15.0
	15.9
	13.6
	13.5
	13.5
	11.9
	13.1
	14.4

	16
	15.9
	15.8
	12.3
	11.6
	13.9
	16.1
	15.7
	14.5
	14.1 
	15.1
	13.5
	13.5
	13.4
	11.6
	13.0
	14.0

	17
	15.9
	15.5  
	11.9
	10.7
	13.5
	15.9
	14.8
	14.1
	14.0
	14.7
	12.8
	12.8
	12.7
	11.2
	12.4
	13.5

	18
	15.1    
	14.5
	11.9
	10.6
	13.0
	14.8
	14.7
	13.9
	14.0
	14.4
	12.6
	12.2
	12.1
	10.9
	12.0
	13.1

	19
	12.8    
	11.8
	11.7
	10.4
	11.7
	13.9
	13.9
	13.7
	13.2
	13.7
	11.8
	11.7
	11.3
	10.5
	11.3
	12.2

	20
	11.5
	11.3
	11.1
	10.0
	11.0
	12.1
	12.2
	11.8
	10.9
	11.8
	10.4
	10.4
	9.9
	9.9
	10.2
	11.0

	Mean
	18.1
	17.4
	15.9
	15.0
	16.6
	18.1
	17.6
	17.2
	16.4
	17.3
	15.5
	15.0
	14.7
	14.0
	14.8
	16.2

	
	H1
	17.2
	
	
	H2
	16.7
	
	
	
	H3
	15.9
	
	
	H4
	15.1
	

	
	V
	T
	D
	VT
	TD
	VD
	VTD

	S. Ed
	0.7085
	0.8181
	1.8746
	1.4171
	3.7492
	3.2469
	6.4938

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	6.3791
	NS


H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage
Table 3. Effect of accelerated ageing on dry matter production (g/10 seedlings) of combine harvested rice varieties at different maturity stages

	Days (D)
	TRY 3 (V1)
	CO (R) 50 (V2)
	ADT 54 (V3)
	Grand Mean

	
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	

	0
	0.186
	0.177
	0.163
	0.142
	0.167
	0.189
	0.175
	0.179
	0.172
	0.179
	0.164
	0.146
	0.145
	0.142
	0.149
	0.165

	1
	0.184
	0.173
	0.162
	0.143
	0.166
	0.184
	0.180
	0.171
	0.169
	0.176
	0.157
	0.139
	0.138
	0.134
	0.142
	0.161

	2
	0.165
	0.159
	0.153
	0.139
	0.154
	0.164
	0.170
	0.168
	0.165
	0.167
	0.148
	0.138
	0.132
	0.132
	0.138
	0.153

	3
	0.163
	0.149
	0.148
	0.136
	0.149
	0.165
	0.165
	0.161
	0.160
	0.163
	0.140
	0.132
	0.131
	0.124
	0.132
	0.148

	4
	0.160
	0.148
	0.148
	0.135
	0.148
	0.164
	0.164
	0.157
	0.155
	0.160
	0.139
	0.131
	0.123
	0.122
	0.129
	0.146

	5
	0.158
	0.147
	0.138
	0.132
	0.144
	0.162
	0.157
	0.155
	0.153
	0.157
	0.136
	0.129
	0.121
	0.119
	0.126
	0.142

	6
	0.157
	0.146
	0.137
	0.132
	0.143
	0.159
	0.156
	0.152
	0.145
	0.153
	0.136
	0.128
	0.120
	0.114
	0.125
	0.140

	7
	0.156
	0.143
	0.135
	0.132
	0.142
	0.154
	0.149
	0.144
	0.144
	0.148
	0.136
	0.127
	0.119
	0.113
	0.124
	0.138

	8
	0.151
	0.143
	0.133
	0.130
	0.139
	0.153
	0.144
	0.143
	0.143
	0.146
	0.134
	0.127
	0.118
	0.112
	0.123
	0.136

	9
	0.149
	0.138
	0.130
	0.129
	0.137
	0.148
	0.142
	0.142
	0.142
	0.144
	0.132
	0.125
	0.117
	0.110
	0.121
	0.134

	10
	0.148
	0.136
	0.129
	0.129
	0.136
	0.146
	0.142
	0.142
	0.139
	0.142
	0.128
	0.125
	0.116
	0.110
	0.120
	0.133

	11
	0.146
	0.133
	0.128
	0.128
	0.134
	0.145
	0.142
	0.141
	0.134
	0.141
	0.122
	0.116
	0.114
	0.109
	0.115
	0.130

	12
	0.143
	0.127
	0.126
	0.126
	0.131
	0.141
	0.140
	0.139
	0.133
	0.138
	0.121
	0.115
	0.109
	0.104
	0.112
	0.127

	13
	0.143
	0.125
	0.121
	0.119
	0.127
	0.140
	0.139
	0.137
	0.131
	0.137
	0.119
	0.113
	0.105
	0.103
	0.110
	0.125

	14
	0.140
	0.121
	0.117
	0.114
	0.123
	0.137
	0.135
	0.132
	0.129
	0.133
	0.118
	0.111
	0.104
	0.102
	0.109
	0.122

	15
	0.140
	0.120
	0.115
	0.114
	0.122
	0.135
	0.132
	0.128
	0.127
	0.131
	0.117
	0.111
	0.102
	0.101
	0.108
	0.120

	16
	0.140
	0.115
	0.107
	0.105
	0.117
	0.135
	0.132
	0.126
	0.125
	0.130
	0.109
	0.110
	0.101
	0.099
	0.105
	0.117

	17
	0.127
	0.109
	0.105
	0.100
	0.110
	0.130
	0.127
	0.125
	0.125
	0.127
	0.109
	0.105
	0.100
	0.088
	0.101
	0.113

	18
	0.126
	0.108
	0.103
	0.099
	0.109
	0.128
	0.122
	0.124
	0.118
	0.123
	0.107
	0.103
	0.098
	0.088
	0.099
	0.110

	19
	0.117
	0.105
	0.103
	0.095
	0.105
	0.115
	0.112
	0.109
	0.104
	0.110
	0.104
	0.098
	0.092
	0.084
	0.095
	0.103

	20
	0.102
	0.094
	0.090
	0.088
	0.094
	0.108
	0.105
	0.099
	0.093
	0.101
	0.091
	0.088
	0.078
	0.071
	0.082
	0.092

	Mean
	0.148
	0.134
	0.128
	0.122
	0.133
	0.148
	0.144
	0.142
	0.138
	0.143
	0.127
	0.120
	0.113
	0.109
	0.117
	0.131

	
	H1
	0.141
	
	
	H2
	0.133
	
	
	
	H3
	0.128
	
	
	H4
	0.123
	

	
	V
	T
	D
	VT
	TD
	VD
	VTD

	S. Ed
	0.00032
	0.00037
	0.00085
	0.00064
	0.00170
	0.00148
	0.00295

	CD(P=0.05)
	0.00063
	0.00073
	0.00167
	0.00127
	0.00335
	0.00290
	0.00580


H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage
Table 4. Effect of accelerated ageing on electrical conductivity (dSm-1) of combine harvested rice varieties at different maturity stages

	Days (D)
	TRY 3 (V1)
	CO (R) 50 (V2)
	ADT 54 (V3)
	Grand Mean

	
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	

	0
	0.070
	0.092
	0.098
	0.105
	0.091
	0.075
	0.088
	0.090
	0.111
	0.091
	0.080
	0.082
	0.088
	0.094
	0.086
	0.089

	1
	0.079
	0.097
	0.102
	0.111
	0.097
	0.084
	0.094
	0.095
	0.116
	0.097
	0.085
	0.086
	0.092
	0.097
	0.090
	0.095

	2
	0.085
	0.105
	0.112
	0.113
	0.104
	0.096
	0.098
	0.101
	0.127
	0.106
	0.093
	0.097
	0.095
	0.098
	0.096
	0.102

	3
	0.088
	0.105
	0.112
	0.113
	0.105
	0.099
	0.102
	0.107
	0.133
	0.110
	0.101
	0.099
	0.105
	0.099
	0.101
	0.105

	4
	0.089
	0.111
	0.115
	0.129
	0.111
	0.107
	0.104
	0.112
	0.133
	0.114
	0.102
	0.101
	0.110
	0.099
	0.104
	0.110

	5
	0.098
	0.111
	0.115
	0.132
	0.114
	0.108
	0.105
	0.119
	0.133
	0.115
	0.104
	0.107
	0.110
	0.103
	0.106
	0.112

	6
	0.103
	0.112
	0.121
	0.132
	0.117
	0.116
	0.111
	0.120
	0.137
	0.120
	0.105
	0.110
	0.111
	0.106
	0.108
	0.115

	7
	0.104
	0.112
	0.128
	0.132
	0.119
	0.117
	0.120
	0.120
	0.137
	0.122
	0.108
	0.113
	0.113
	0.107
	0.110
	0.117

	8
	0.105
	0.114
	0.129
	0.135
	0.121
	0.120
	0.122
	0.127
	0.145
	0.127
	0.117
	0.113
	0.114
	0.107
	0.113
	0.120

	9
	0.108
	0.115
	0.129
	0.136
	0.122
	0.123
	0.129
	0.130
	0.147
	0.129
	0.118
	0.115
	0.115
	0.109
	0.118
	0.123

	10
	0.109
	0.118
	0.130
	0.137
	0.124
	0.126
	0.130
	0.135
	0.152
	0.132
	0.120
	0.115
	0.120
	0.111
	0.120
	0.125

	11
	0.110
	0.121
	0.132
	0.138
	0.125
	0.126
	0.135
	0.138
	0.163
	0.138
	0.123
	0.116
	0.121
	0.114
	0.122
	0.128

	12
	0.111
	0.122
	0.134
	0.143
	0.128
	0.132
	0.140
	0.142
	0.165
	0.142
	0.126
	0.118
	0.121
	0.115
	0.124
	0.131

	13
	0.113
	0.122
	0.137
	0.144
	0.129
	0.140
	0.144
	0.142
	0.168
	0.143
	0.127
	0.119
	0.123
	0.116
	0.126
	0.133

	14
	0.114
	0.122
	0.137
	0.149
	0.131
	0.142
	0.145
	0.145
	0.171
	0.147
	0.133
	0.120
	0.124
	0.116
	0.127
	0.135

	15
	0.114
	0.123
	0.140
	0.152
	0.132
	0.142
	0.147
	0.150
	0.173
	0.149
	0.136
	0.121
	0.126
	0.128
	0.129
	0.137

	16
	0.115
	0.124
	0.142
	0.152
	0.133
	0.146
	0.148
	0.152
	0.175
	0.152
	0.139
	0.123
	0.127
	0.131
	0.131
	0.139

	17
	0.115
	0.130
	0.146
	0.162
	0.138
	0.150
	0.142
	0.127
	0.175
	0.155
	0.140
	0.126
	0.130
	0.140
	0.133
	0.142

	18
	0.116
	0.131
	0.150
	0.166
	0.141
	0.160
	0.145
	0.138
	0.186
	0.161
	0.148
	0.130
	0.131
	0.141
	0.137
	0.146

	19
	0.119
	0.135
	0.151
	0.173
	0.145
	0.180
	0.148
	0.139
	0.187
	0.170
	0.151
	0.142
	0.132
	0.142
	0.139
	0.151

	20
	0.140
	0.137
	0.160
	0.178
	0.154
	0.186
	0.196
	0.149
	0.194
	0.175
	0.162
	0.143
	0.139
	0.145
	0.150
	0.160

	Mean
	0.105
	0.117
	0.130
	0.140
	0.123
	0.120
	0.127
	0.132
	0.154
	0.133
	0.112
	0.115
	0.120
	0.124
	0.118
	0.124

	
	H1
	0.112
	
	
	H2
	0.120
	
	
	
	H3
	0.127
	
	
	H4
	0.137
	

	
	V
	T
	D
	VT
	TD
	VD
	VTD

	S. Ed
	0.00068
	0.00078
	0.00180
	0.00136
	0.00359
	0.00311
	0.00622

	CD (P=0.05)
	NS
	0.00154
	0.00353
	0.00267
	0.00706
	0.00611
	0.01222


H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage
Table 5. Effect of accelerated ageing on dehydrogenase activity (OD Value 10-1 seeds) of combine harvested rice varieties at different maturity stages
	Days (D)
	TRY 3 (V1)
	CO (R) 50 (V2)
	ADT 54 (V3)
	Grand Mean

	
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	

	0
	0.835
	0.802
	0.775
	0.742
	0.789
	0.812
	0.784
	0.758
	0.726
	0.770
	0.825
	0.798
	0.771
	0.739
	0.783
	0.781

	1
	0.827
	0.794
	0.767
	0.736
	0.781
	0.805
	0.777
	0.751
	0.721
	0.764
	0.819
	0.792
	0.765
	0.735
	0.778
	0.774

	2
	0.820
	0.787
	0.760
	0.730
	0.774
	0.798
	0.770
	0.743
	0.716
	0.757
	0.813
	0.786
	0.758
	0.731
	0.772
	0.768

	3
	0.812
	0.779
	0.752
	0.723
	0.767
	0.791
	0.763
	0.736
	0.710
	0.750
	0.807
	0.780
	0.752
	0.727
	0.767
	0.761

	4
	0.804
	0.771
	0.744
	0.717
	0.759
	0.784
	0.756
	0.728
	0.705
	0.743
	0.801
	0.774
	0.745
	0.723
	0.761
	0.754

	5
	0.792
	0.755
	0.721
	0.696
	0.741
	0.768
	0.735
	0.712
	0.685
	0.725
	0.781
	0.750
	0.724
	0.699
	0.739
	0.735

	6
	0.782
	0.745
	0.709
	0.688
	0.731
	0.760
	0.727
	0.701
	0.677
	0.716
	0.776
	0.744
	0.714
	0.692
	0.732
	0.726

	7
	0.772
	0.736
	0.696
	0.679
	0.721
	0.752
	0.718
	0.689
	0.668
	0.707
	0.770
	0.737
	0.704
	0.685
	0.724
	0.717

	8
	0.761
	0.726
	0.684
	0.671
	0.711
	0.744
	0.710
	0.678
	0.660
	0.698
	0.764
	0.731
	0.693
	0.678
	0.717
	0.708

	9
	0.751
	0.716
	0.671
	0.662
	0.700
	0.736
	0.701
	0.666
	0.651
	0.689
	0.758
	0.724
	0.683
	0.671
	0.709
	0.699

	10
	0.715
	0.688
	0.652
	0.621
	0.669
	0.698
	0.671
	0.645
	0.616
	0.658
	0.710
	0.683
	0.654
	0.648
	0.674
	0.667

	11
	0.705
	0.678
	0.642
	0.611
	0.659
	0.690
	0.663
	0.635
	0.607
	0.649
	0.704
	0.677
	0.646
	0.642
	0.667
	0.658

	12
	0.695
	0.669
	0.632
	0.602
	0.650
	0.682
	0.654
	0.626
	0.599
	0.640
	0.698
	0.671
	0.637
	0.636
	0.661
	0.650

	13
	0.685
	0.659
	0.621
	0.593
	0.640
	0.674
	0.646
	0.616
	0.590
	0.632
	0.692
	0.664
	0.629
	0.630
	0.654
	0.642

	14
	0.674
	0.649
	0.611
	0.584
	0.630
	0.666
	0.637
	0.607
	0.581
	0.623
	0.686
	0.658
	0.620
	0.624
	0.647
	0.633

	15
	0.642
	0.612
	0.586
	0.552
	0.598
	0.628
	0.603
	0.578
	0.549
	0.590
	0.640
	0.614
	0.587
	0.559
	0.600
	0.596

	16
	0.627
	0.597
	0.571
	0.532
	0.582
	0.622
	0.597
	0.568
	0.539
	0.582
	0.633
	0.606
	0.578
	0.548
	0.591
	0.585

	17
	0.612
	0.582
	0.556
	0.513
	0.566
	0.615
	0.590
	0.559
	0.529
	0.573
	0.626
	0.599
	0.570
	0.537
	0.583
	0.574

	18
	0.596
	0.567
	0.541
	0.494
	0.550
	0.608
	0.584
	0.549
	0.519
	0.565
	0.619
	0.591
	0.561
	0.526
	0.574
	0.563

	19
	0.588
	0.554
	0.529
	0.490
	0.540
	0.606
	0.571
	0.540
	0.507
	0.556
	0.617
	0.588
	0.545
	0.513
	0.566
	0.554

	20
	0.581
	0.542
	0.517
	0.486
	0.532
	0.563
	0.537
	0.510
	0.482
	0.523
	0.575
	0.546
	0.519
	0.490
	0.533
	0.529

	Mean
	0.718
	0.686
	0.654
	0.625
	0.671
	0.705
	0.676
	0.647
	0.621
	0.662
	0.720
	0.691
	0.660
	0.640
	0.678
	0.670

	
	H1
	0.714
	
	
	H2
	0.684
	
	
	
	H3
	0.654
	
	
	H4
	0.629
	

	
	V
	T
	D
	VT
	TD
	VD
	VTD

	S. Ed
	0.0034
	0.0039
	0.0076
	0.0067
	0.0177
	0.0153
	0.0307

	CD (P=0.05)
	0.0065
	NS
	0.0174
	0.0132
	0.0348
	0.0301
	0.0602


H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage
Table 6.Effect of accelerated ageing on α- amylase activity (mg maltose min-1) of combine harvested rice varieties at different maturity stages

	Accelerated ageing in days (D)
	TRY 3 (V1)
	CO (R) 50 (V2)
	ADT 54 (V3)
	Grand Mean

	
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	H1
	H2
	H3
	H4
	Mean
	

	0
	2.850
	2.650
	2.450
	2.250
	2.550
	2.600
	2.42
	2.25
	2.080
	2.338
	2.400
	2.23
	2.080
	1.920
	2.158
	2.348

	1
	2.794
	2.592
	2.392
	2.192
	2.493
	2.549
	2.367
	2.197
	2.027
	2.285
	2.352
	2.181
	2.031
	1.871
	2.109
	2.295

	2
	2.738
	2.536
	2.335
	2.136
	2.436
	2.498
	2.316
	2.145
	1.975
	2.234
	2.306
	2.134
	1.983
	1.823
	2.062
	2.244

	3
	2.684
	2.481
	2.280
	2.081
	2.382
	2.449
	2.265
	2.094
	1.924
	2.183
	2.26
	2.088
	1.936
	1.776
	2.015
	2.193

	4
	2.631
	2.427
	2.226
	2.028
	2.328
	2.400
	2.216
	2.044
	1.875
	2.134
	2.215
	2.042
	1.89
	1.730
	1.969
	2.144

	5
	2.579
	2.374
	2.173
	1.976
	2.276
	2.353
	2.168
	1.996
	1.826
	2.086
	2.172
	1.998
	1.845
	1.686
	1.925
	2.096

	6
	2.528
	2.322
	2.121
	1.925
	2.224
	2.306
	2.121
	1.948
	1.780
	2.039
	2.129
	1.954
	1.801
	1.643
	1.882
	2.048

	7
	2.478
	2.272
	2.071
	1.876
	2.174
	2.26
	2.075
	1.902
	1.734
	1.993
	2.086
	1.912
	1.758
	1.601
	1.839
	2.002

	8
	2.429
	2.222
	2.022
	1.827
	2.125
	2.216
	2.029
	1.857
	1.689
	1.948
	2.045
	1.87
	1.717
	1.559
	1.798
	1.957

	9
	2.381
	2.174
	1.974
	1.781
	2.078
	2.172
	1.985
	1.813
	1.646
	1.904
	2.005
	1.829
	1.676
	1.519
	1.757
	1.913

	10
	2.333
	2.127
	1.927
	1.735
	2.031
	2.129
	1.942
	1.770
	1.604
	1.861
	1.965
	1.790
	1.636
	1.480
	1.718
	1.870

	11
	2.287
	2.080
	1.882
	1.690
	1.985
	2.087
	1.900
	1.728
	1.563
	1.820
	1.926
	1.751
	1.597
	1.442
	1.679
	1.828

	12
	2.242
	2.035
	1.837
	1.647
	1.940
	2.045
	1.858
	1.687
	1.523
	1.778
	1.888
	1.713
	1.560
	1.405
	1.642
	1.787

	13
	2.197
	1.991
	1.793
	1.605
	1.897
	2.005
	1.818
	1.647
	1.483
	1.738
	1.851
	1.675
	1.523
	1.369
	1.605
	1.746

	14
	2.154
	1.948
	1.751
	1.564
	1.854
	1.965
	1.778
	1.608
	1.445
	1.699
	1.814
	1.639
	1.486
	1.334
	1.568
	1.707

	15
	2.111
	1.905
	1.709
	1.523
	1.812
	1.926
	1.740
	1.57
	1.408
	1.661
	1.778
	1.603
	1.451
	1.300
	1.533
	1.669

	16
	2.070
	1.864
	1.669
	1.484
	1.772
	1.888
	1.702
	1.533
	1.372
	1.624
	1.743
	1.568
	1.417
	1.267
	1.499
	1.631

	17
	2.029
	1.823
	1.629
	1.446
	1.732
	1.851
	1.665
	1.496
	1.337
	1.587
	1.708
	1.534
	1.383
	1.234
	1.465
	1.595

	18
	1.988
	1.783
	1.591
	1.409
	1.693
	1.814
	1.629
	1.461
	1.303
	1.552
	1.674
	1.501
	1.350
	1.202
	1.432
	1.559

	19
	1.949
	1.745
	1.553
	1.373
	1.655
	1.778
	1.593
	1.426
	1.269
	1.517
	1.641
	1.468
	1.318
	1.172
	1.400
	1.524

	20
	1.910
	1.707
	1.516
	1.338
	1.618
	1.743
	1.559
	1.392
	1.237
	1.483
	1.609
	1.436
	1.287
	1.141
	1.368
	1.490

	Mean
	2.351
	2.146
	1.948
	1.756
	2.050
	2.144
	1.959
	1.789
	1.624
	1.879
	1.979
	1.806
	1.654
	1.499
	1.734
	1.888

	
	H1
	2.158
	
	
	H2
	1.970
	
	
	
	H3
	1.797
	
	
	H4
	1.626
	

	
	V
	T
	D
	VT
	TD
	VD
	VTD

	S. Ed
	0.1482
	0.1711
	0.3921
	0.2964
	0.7842
	0.6791
	1.3582

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS


H1- Physiological maturity stage H2 -two days after, H3-four days after and H4-six days after physiological maturity stage
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