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Abstract: Accelerated Ageing test has good Correlation with field emergence and storage potential of Seeds. In This regard 

study was conducted to standardized accelerated ageing duration along with temperature variables by using six barley 

genotypes Viz.ALFA-93, BH-393, BH-75,BCU-3,RD-2552 and K-551. All Six varieties was divided in two seed lots 

subjected to accelerated ageing at two time variables 42+1°C and 45+1°C for 48 and 72 hrs separately on 100% relative 

humidity. Seeds were exposed to accelerated ageing conditions at two temperature 42ºC and 45ºC for different time intervals 

48, 72 hrs; the viability reduced significantly ranging from 40 to 60%. In the present study genotypes BH-393, BCU-73 were 

observed to be tolerant to stress conditions during accelerated ageing at 42ºC for 48 hrs. whereas Genotypes BH-393 and RD-

2552 were observed most tolerant to stress conditions during accelerated ageing at 45ºC for 48 hrs in present study, the 

genotypes showing high resistance to accelerated ageing test were also showing high standard germination in fresh seed 

ranging from 94 to 100%. Results revealed that the germination percentage for fresh seed lot was above the minimum seed 

certification standard whereas in accelerated aged seed lots, the standard germination, vigor index, rate of germination and 

dehydrogenase activity declined significantly for all the six genotypes. All the genotypes were found significantly different 

for vigor and viability tests. After accelerated ageing, the genotypes, BH-393 and BCU-73 were having significantly higher 

standard germination, vigor,rate of germination and enzymatic activity  as compared to other genotypes indicating their 

superiority over others. A higher electrical conductivity of accelerated aged seed in barley further confirmed the accelerated 

ageing results in to increase permeability of cell membrane and release of food reserves. 
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INTRODUCTION 

 

arley (Hordeum vulgare L.) is a common crop 

grown in the semiarid Mediterranean area, and 

due to its drought resistance, is one of the most 

widely grown crops in arid and semiarid regions of 

the world (Ghazi et al. 2007). Seed deterioration can 

be defined as the loss of quality, viability and vigour 

either due to aging or effect of adverse environmental 

factors. Seed characteristics decrease under long 

storage condition due to aging. It is the reason of 

declining in germination, emergence and seedling 

growth (Soltani et al., 2008). All organisms undergo 

aging and it enhances under unfavourable or stress 

environments. Maximum germination percentage 

achieves immediately after harvesting and gradually 

decreases with storage time. Aging is one of the key 

factors in plant yield loss especially in vegetables. 

Seed aging is recognized by some parameters like 

delay in germination and emergence, slow growth and 

increasing of susceptibility to environmental stresses 

(Walters, 1998). Using high quality seed improved 

performance in two ways: first, percent of green 

seedling derived by high quality seeds is more than 

weak and exhausted ones and this can be helpful to 

achieve the desired density in field. Second, vigorous 

seed had more seedling growth rate and un uniformed 

emergence in germination time can be minimized 

(Ghasemi-Golezani et al., 1996). High temperature, 

ambient relative humidity, and seed moisture content 

are the main factors influencing seed storage 

capability (Abdul-Baki, 1980). 

Pandey et al. (1990) reported that accelerated ageing 

technique is a widely used tool to test the seed 

quality. This ageing test of seed vigor can give better 

indications of probable field emergence for vegetable 

crop seeds than germination and growth tests. 

Accelerated ageing initially proposed as a method to 

evaluate seed storability, this test is rapid, 

inexpensive, simple and useful for all species 

(Copeland and McDonald, 2001; Moradi and 

Younesi, 2009; Siadat et al., 2012). Accelerated 

ageing techniques have great potential for 

understanding the mechanism of aging and associated 

deterioration processes of seeds (McDonald, 1999). 

Janmohammadi et al. (2008) and Saha and Sultana 

(2008) in soybean reported that increasing seed age 

decreased germination. Most of these studies suggest 

that decreases occur in the activity of enzymes in aged 

seeds (Bailly, 2004; Goel et al., 2002; Mc- Donald, 

2004). 

Therefore, in the present study it has been 

investigated the changes of germination 

characteristics along with other vigor parameters of 

barley seeds under accelerated aging. 

 

MATERIALS AND METHODS 

 

Seed material comprised of six varieties of Barley Viz. 

ALFA-93, BH-393,BH-75,BCU-3,RD-2552 and K-

551 having germination above minimum seed 
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certification standard (MSCS) i.e.85% was collected 

at the time of sowing and stored in ambient conditions 

and present research work was carried out in the 

laboratory of Department of Seed Science and 

Technology CCS Haryana Agricultural University, 

Hisar from 2004 to 2005. For defining the variables 

for artificial ageing, seed of all six varieties were 

artificially aged on two temperature and time 

variables (42±1ºC/45±1ºC /48 hrs, 42±1ºC/45±1ºC 

/72 hrs.) and observations were recorded after ageing. 

Aged as well as non aged seed lots were evaluated for 

following tests.  

Conditioning of seeds  
The freshly harvested seeds of all the genotypes were 

subdivided into two lots. The first lot was kept as 

such and designated as fresh seed lot for further tests 

and observations. While other lot of all the genotypes 

was exposed to accelerated ageing conditions and 

designated as aged seed lot. 

Accelerated ageing  
To observe the optimum time for accelerated ageing 

test, i.e., period to 50% reduction of seed germination, 

sufficient number of seed in a single layer from each 

seed lot of the six genotypes was taken on wire mesh 

tray fitted in plastic boxes having 40 ml of distilled 

water. The boxes were placed in ageing chamber after 

closing their lids. The seeds were aged at 40+1°C at 

different time intervals and tested for standard 

germination in three replications of 100 seeds each. 

The number of normal seedlings was counted on 7th 

day and expressed in percentage. 

Seed from both seed lot was used to conduct 

following vigor and viability tests as detailed below. 

Each test was conducted in a completely randomized 

design with three replications.  

Standard Germination Test (%)  
One hundred seeds of each genotype replicated thrice 

were placed on moistened paper (B.P.) and placed in 

seed germinator at 20+1°C temperature with 90-95 

per cent relative humidity. The final count of 

germinated seeds was taken on 7
th

 day and normal 

seedlings were expressed as percent germination of 

total seed  

(ISTA, 1999). 

Rate of germination (%) 

The number of seedlings emerged were counted on 

each day up to final count of seedling and rate of 

germination was calculated as described by Maguire 

(1962) 

No. of seedlings emerged  + 

–––––––––––––––––––––– 

first day of count 

 

No of seedlings emerged 

–––––––––––––––––––––– 

final day of count 

 

 
Twenty normal and uninjured seeds were soaked in 

separate beakers each containing 50 ml of distilled 

water. Seeds were immersed completely in water and 

beakers were covered with foil. Thereafter, these 

samples were placed in germinator at 20°C for 24 

hours in dark. The electrical conductivity of seed 

leachates was measured by conductivity bridge meter 

(ISTA, 1999). 

Dehydrogenase activity (DHA) test  
The method was suggested by Kittock and Law 

(1968). Reduction of 2,3,5-triphenyl tetrazolium 

chloride to red formazan by dehydrogenase enzymes 

in seed embryos is the basic principle for 

topographical tetrazolium test for seed viability but 

the method described here is a quantitative method, 

which may be used to determine varying 

dehydrogenase activity between seed lots of similar 

viability and therefore, it is a measure of seed Vigor. 

To conduct DHA test, the representative seed samples 

of each lot, replicated thrice were grounded to pass 

through 20-mesh screen. The 200 mg flour was 

soaked in 5 ml of freshly prepared 0.5% TTC solution 

having pH 7.0. After shaking, the mixture was 

incubated at a temperature of 35°C for 2 hours. Then 

it was centrifuged at 10,000 rpm for 3 minutes and the 

supernatant was poured off. The formazan was 

extracted with 10 ml acetone for 16 hours at room 

temperature. It was then centrifuged for 3 minutes at 

10,000 rpm and acetone solution containing formazan 

was transferred to the cuvette. The absorbance 

reading of the solution was taken at 520 nm 

wavelength using Systronics spectrophotometer 169. 

Seedling length (cm)  
The measurement of linear growth of five randomly 

selected normal seedlings taken from each seed lot of 

individual genotypes was measured in centimeters in 

all three replications at the termination of standard 

germination test period. 

Seedling dry weight (mg)  
Normal seedlings selected for measuring their length 

were kept further for taking dry weight. These were 

dried in hot air oven at 80°C for 24 hours and then 

seedling dry weight was recorded in milligrams. The 

average weight of five seedlings was taken for further 

calculations. 

1000 seed weight (g) 
Three replications of 1000-seeds each were weighed 

individually and the mean of these observations was 

recorded as 1000-seed weight. 

Moisture content (%) 

Precent moisture of seeds was calculated according to 

ISTA (1999) by hot air oven method Ten gram seeds 

from each categories were kept in moisture box in 

oven at 130± 1 °c for 2 hrs. the samples were taken 

out and cooled in dessicater before weighing. 

Moisture content was calculated as given below:  

   M2 – M1  

Moisture percentage = –––––––––– x 100 

   M2-M1  

Where  

M1 – is the weight of empty bottle and its lid .  
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M2  – is the weight of bottle and its lid and its content 

before drying. 

M3 – is the weight of bottle, its lid and its content after 

drying. 

 

Vigor index  
Seedling vigor indices were calculated according to 

methods suggested by Anderson and Abdul-baki 

(1973). 

Vigor index-I = Standard germination (%) x seedling 

length (cm) 

Vigor index-II = Standard germination (%) x seedling 

dry weight (mg) 

 

RESULTS AND DISCUSSION 

 

Seed moisture content 

The seed moisture content was recorded in 

percentage. The data pertaining to moisture content 

are shown in Table 2 and 4. The moisture content of 

barley among different accelerated ageing time was 

significantly different. Seed moisture content 

increases with time of ageing and it was recorded 

maximum (28.897) in the treatment of 72hrs on 42ºC. 

Among different varieties seed moisture content was 

recorded significantly different. Maximum moisture 

content was observed in variety K-551 (24.944) and 

minimum in variety BCU-73 (19.90). In the treatment 

of 48hrs at 45ºC among barley varieties seed moisture 

content was significantly different and maximum 

moisture content was observed in variety K-551 

(21.533). Seed moisture content increases with time 

of ageing at 42ºC and 45ºC. Maximum moisture 

content was recorded when seed lot was exposed to 

Accelerated ageing at 42ºC for 72hrs. It may be due to 

hygroscopic nature of the seed because as the seed 

was exposed to high humidity (>95%). Moisture 

content will remain on increasing till it reached at 

equilibrium moisture content. 

Standard germination 

The standard germination was recorded in percentage. 

The data pertaining to standard germination are 

shown in Table 1&3. The standard germination of 

barley among different accelerated ageing time was 

significantly different. The standard germination was 

significantly higher (37.3) in the treatment of 48 hrs 

ageing than the 72 hrs ageing. Whereas, among 

different varieties the maximum standard germination 

was observed in BH-393 (86.8) followed by BCU-73 

(81.3). The standard germination of barley decreases 

to 59.88 per cent at 48 hrs ageing at 45ºC. Among 

different varieties the maximum standard germination 

was observed in BH-393 (92.0) and RD-2552 

followed it. It determines the plant population of field 

though, the standard germination is determined in 

laboratory conditions but it has been well correlated 

with field establishment in various crops including 

barley (ISTA, 1999; Andrade et al. 2001 and Frietas 

2002). All the genotypes tested were having very high 

level of seed viability as depicted by standard 

germination. However when such seeds were exposed 

to accelerated ageing conditions at two temperature 

42ºC and 45ºC for different time intervals 48, 72 hrs; 

the viability reduced significantly ranging from 40 to 

60%. However this reduction in germination was not 

uniform and genotypes responded variably to the 

accelerated ageing conditions. Variable responses of 

genotypes to accelerated ageing conditions have also 

been reported in barley (Delouche and Baskin, 1978). 

Similar results were recorded in fenugreek (Indira et 

al. 2000, Ching, 1973). The reduction in viability 

during accelerated ageing conditions may be due to 

several factors. The main factor may be damage to 

cell wall, resulting in excessive leaching of 

electrolytes required for germination. Loss of 

efficiency of germination enzymes may be due to 

high temperature and chromosome Aberration 

(Murata et al. 1979). In the present study genotypes 

BH-393, BCU-73 was observed to be tolerant to 

stress conditions during accelerated ageing at 42ºC for 

48 hrs. whereas Genotypes BH-393 and RD-2552 

were observed most tolerant to stress conditions 

during accelerated ageing at 45ºC for 48 hrs in present 

study, the genotypes showing high resistance to 

accelerated ageing test were also showing high 

standard germination in fresh seed ranging from 94 to 

100%. This shows that relative storage potential of 

these genotypes is better than other genotype. These 

genotypes would also provide better field emergence 

under average field conditions as compared to other 

genotypes. 

Vigor index-I and II 

The data pertaining to vigor index-I are depicted in 

Table 1&3. In barley vigor index-1 decreases with the 

increase of ageing time. Maximum vigor index –1 

was observed at 48 hrs of ageing (1666.68). However, 

among different barley varieties Alfa-93, BH-393 and 

BCU-73 were at par with each other and they were 

significantly superior to other varieties. Whereas, 

minimum vigor index was recorded in RD-2552 

(1445.33). 

Periodical data recorded on vigor index-II are shown 

in Table 1. Among different ageing time vigor index-

11 was recorded significantly higher (713.94) at 48 

hrs ageing. Among different variety, Alfa-93 and BH-

393 showed higher vigor index-11. 

The data pertaining to vigor index-I are depicted in 

Table 3. Vigor index-I decreases during ageing. 

However, among different barley varieties BH-393 

and RD-2552 were at par with each other and they 

were significantly superior (1592.4) to other varieties. 

Whereas, minimum Vigor index-I was recorded in 

BCU-73. 

Periodical data recorded on vigor index-II are shown 

in Table 3. Vigor index II also decrease during aging. 

Maximum vigor index – II (1022.5) was observed in 

BCU-73 and minimum (845.16) was recorded in RD-

2552. 

A combination of standard Germination test with 

seedling length and dry matter provides a broad 
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evaluation of vigor of seed lot. Vigor index offers 

seed lot to be characterized to the various classes of 

seed quality. Seed lots which will have more 

numerical value supported to be high vigorous. It 

directly affects the planting value of the seed lot. The 

vigor index define on the basis of seedling length the 

seedling dry weight have been designated as vigor 

index – I and vigor index –II respectively. The results 

revealed that there is decrease in both the vigor 

indices when seeds were exposed to accelerated aged 

conditions at 42ºC and 45ºC in both the seed lots. 

Similar results were recorded by Singh et al. (2003) in 

Urd bean and Moong bean when five cultivars of Urd 

bean and Moong bean were exposed to accelerated 

ageing. Basra et al. (2003) also reported that 

accelerated ageing not only affected emergence 

percentage and time but also decreases the seedling 

vigor as indicated by reduction in root weight, shoot 

weight and hypocotyl length in cotton. Genotypes 

were also found to differ significantly for vigor 

indices. This showed that it was just not the standard 

germination to determine the planting value of a seed 

lot but more importantly it was determined that how 

vigorous the seedling would emerge out of a viable 

seed.  

Electrical conductivity 

The data related to electrical conductivity are shown 

in Table 2&4. It was recorded in s/cm/seed. 

Electrical conductivity values showed non-significant 

differences in different ageing time however 

numerically lower value (49.737) was observed at 48 

hrs. The electrical conductivity among different 

varieties was significantly different. Among all the 

varieties electrical conductivity of BH-393 was 

recorded significantly lower (26.008).  

The data related to electrical conductivity are shown 

in Table 4. It was recorded in s/cm/seed. The 

electrical conductivity among different treatments was 

significantly different, electrical conductivity 

increased with accelerated ageing.  

Among different barley varieties minimum electrical 

conductivity (27.393) was recorded in BH-393. 

The estimates of this parameter have been correlated 

with those of seed viability in some cases. The 

electrical conductivity of seed leachates have been 

reported to be higher in aged seeds indicating 

deterioration of cell permeability and degradation of 

food reserve in seeds (Ching, 1973 and Delouche and 

Baskin, 1978). In present experiment, the electrical 

conductivity of seeds was measured on basis of 

number of seeds. The increase in electrical 

conductivity after accelerated ageing confirms that 

accelerated ageing in Barley caused disturbance to the 

cell wall resulting into permeability and loss of 

electrolytes to water during imbibition . Similar effect 

of accelerated ageing has also been reported by 

Narwal (1995) in Okra. Bailey et al. (1996) in 

sunflower. The present observation on electrical 

conductivity of exudates indicated that higher 

humidity coupled with high temperature would have a 

detrimental effect on seed longivity of barley. It is 

suggested that to maintain the seed viability and vigor 

during storage, a combination of high humidity and 

temperature must be avoided. This also confirms the 

seed storage principles laid by Harrington (1960).

 

Table 1. Effect of accelerated ageing (42°c) on germination, vigor index-I and vigor index-II in barley  

Ageing time (hrs) Germination (%) Vigour index-1 Vigour index-11 

0 hrs 

48 hrs 

72 hrs 

98.00 

37.00 

35.00 

2762.278 

1666.689 

528.944 

1263.889 

713.944 

376.611 

S.E. 

C.D. at 5 % 

0.6566 

1.8836 

29.057 

83.363 

5.506 

15.798 

Alfa-93 

BH-393 

BH-75 

BCU-73 

RD-2552 

K-551 

77.00 

86.00 

69.00 

81.00 

64.00 

63.00 

1805.822 

1712.889 

1642.000 

1792.111 

1445.333 

1517.667 

849.444 

837.556 

789.778 

822.889 

668.222 

732.000 

S.E. 

C.D. 5% 

0.985 

2.6638 

41.093 

117.894 

7.787 

22.342 
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Table 2. Effect of accelerated ageing (42°c) on DHA, seed moisture and electrical conductivity in barley  

Ageing time (hrs) Dehydrogenase activity Seed moisture (%) Electrical conductivity    (µs/ 

cm/seed) 

0 hrs 

48 hrs 

72 hrs 

0.176 

0.107 

0.085 

14.264 

26.200 

28.897 

47.008 

49.737 

50.792 

S.E. 

C.D. at 5 % 

0.0019 

0.0054 

0.0612 

0.1755 

N S 

Alfa-93 

BH-393 

BH-75 

BCU-73 

RD-2552 

K-551 

0.114 

0.118 

0.098 

0.109 

0.119 

0.117 

22.529 

23.532 

23.692 

19.906 

24.119 

24.944 

45.126 

26.008 

46.626 

59.070 

56.230 

60.846 

S.E. 

C.D. 5% 

0.0027 

0.0077 

0.0865 

0.2483 

2.3601 

6.7710 

 

Table 3. Effect of accelerated ageing (45°c) on germination, vigor index-I and vigor index-II in barley 

Ageing time (hrs) Germination (%) Vigour index-1 Vigour index-11 

0 hrs 

48 hrs 

98.756 

59.889 

2762.276 

715.667 

1263.889 

558.500 

S.E. 

C.D. at 5 % 

0.5232 

1.5274 

28.485 

83.165 

6.642 

19.393 

Alfa-93 

BH-393 

BH-75 

BCU-73 

RD-2552 

K-551 

84.000 

92.000 

77.000 

67.000 

85.000 

70.000 

1716.333 

1784.166 

1672.166 

1592.166 

1929.000 

1740.000 

951.667 

894.167 

895.667 

1022.500 

845.167 

858.000 

S.E. 

C.D. 5% 

0.906 

2.645 

49.338 

144.046 

11.505 

33.589 

 

Table 4. Effect of accelerated ageing (45°c) on DHA, seed moisture and electrical conductivity in barley  

Ageing time (hrs) Dehydrogenase activity Seed moisture 

(%) 

Electrical conductivity (µs 

/cm/seed) 

0 hrs 

48 hrs 

0176 

0.111 

14.225 

26.701 

47.008 

52.320 

S.E. 

C.D. at 5 % 

0.002 

0.006 

0.0406 

0.118 

1.481 

4.320 
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Alfa-93 

BH-393 

BH-75 

BCU-73 

RD-2552 

K-551 

0.134 

0.154 

0.110 

0.145 

0.145 

0.171 

20.227 

19.555 

21.472 

18.350 

21.592 

21.533 

42.237 

27.393 

48.820 

61.237 

58.393 

59.903 

S.E. 

C.D. 5% 

0.003 

0.011 

0.70 

0.205 

2.566 

7.493 

 

Dehydrogenase activity test  
Table 2 shows the data of dehydrogenase activity test. 

Among different ageing time, the dehydrogenase 

activity was decreasing with increase in ageing time. 

It was significantly higher (0.107) at 48hrs than 72 

hrs.  

However, in different varieties of barley Alfa-93, BH-

393, RD-2552 and K-551 were found significantly 

higher than other varieties and they were at par with 

each other. 

Table 4 shows the data of dehydrogenase activity test. 

Dehydrogenase activity also decreases with 

accelerated ageing. 

However, out of different varieties of barley 

dehydrogenase activity was recorded significantly 

higher (0.171) in variety K-551 than other varieties. 

DHA test is an indirect and quick test to ascertain the 

viability and vigor of the seed lot and have been 

shown to give positive correlation with field 

parameter like field emergence in oryza (Gupta & 

Agarwal 1980), Okra (Narwal, 1995) and wheat 

(Steiner et al. 1989).  

The DHA activities was found to be more in fresh 

seed lot as compared to aged seed lot which indicates 

that though in present case DHA did not directly 

estimate of viability among various seed lot. 

In general, our results clearly indicate that all the six 

genotypes showed decline in most of seed quality 

parameters when they were accelerated aged at 42ºC 

and 45ºC. 
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