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ABSTRACT 

 
Seeds of two different seed coat colours of Zea mays stored under accelerated ageing showed no decline in 

germinability  and seedling length up to four days of storage, whereas the seedling dry weight preceded the loss 
of viability. Other biochemical changes  like decrease in soluble proteins, total water soluble sugars, and α-
amylase activity also preceded the loss of viability, whereas amino acids, proteases activity increased during 
seed deterioration; starch remained relatively unchanged. The leached-out water soluble sugars, amino acids and 
conductivity exhibited increase over a period of time during storage, indicating, thereby, that membrane 
integrity was affected. 
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conductivity, α-amylase, protease. 
 
Introduction 

 
During storage, seed moisture content and storage temperature are the important factors, which are 

responsible for seed deterioration(Justice and Bass,1979). For orthodox seeds, low seed moisture content and 
low storage temperature delay the loss of viability. However, no kind of storage improves viability but longevity 
of seeds can be prolonged by favourable storage conditions of low seed moisture content and low storage 
temperature(Roberts,1972). During storage certain deteriorative changes occur, but the rate of which depends on 
seed moisture content and storage temperature. The potential storage life of seeds under storage varies from 
species to species (Harrington,1972) and even varieties of the same species(Agrawal,1979). 

Many physiological and biochemical changes occur in seeds during seed ageing. Some of the physiological 
changes have been observed during seed deterioration which are measures of seed vigour in many species 
during storage (Yaklich and Abdul-Baki,1975; Agrawal and Kharlukhi,1985; Fernandez and Johnston,1995; 
Santipracha et al.,1997). The biochemical changes associated with seed deterioration is the increase in leakage 
of biomolecules(Ching and Schoolcraft, 1968; Agrawal,1977; Parrish and Leopold,1978;Agrawal and 
Kharlukhi,1985), decrease in total soluble sugars( Agrawal and Kharlukhi,1985) and protein content(Kalpana 
and Madhava Rao,1997),whereas amino acids(Ghosh et al.,1981) and protease activity increased with seed 
deterioration(Halder and Gupta,1980, Agrawal and Kharlukhi,1987), but decrease in α- amylase activity has 
been reported in some species(Mitra et al.,1974; Agrawal and Kharlukhi,1987; Kalpana and Madhava 
Rao,1997). 

The present investigation was undertaken to study the physiological and biochemical changes associated 
with accelerated ageing in yellow and purple coloured  seeds of maize in order to ascertain the mechanism of 
aging in seeds . 

 
Materials And Methods 

 
In the present study accelerated ageing technique (Delouche and Baskin,1973) was used to study  the 

physiological and biochemical changes prior to and during  loss of viability in seeds of different colours (yellow 
and purple) of  Zea mays. For both the seed types, the seeds were procured from the vicinity of  Mawsynram an 
area ,like Cherrapunjee, known for heavy rainfall and used in our investigations. 
 
Germination test: 
 

The germinability of fresh seeds as well as those subjected to accelerated ageing was determined by 
incubating at 25±1o C; seeds sterilized with 0.1% HgCl2 followed by repeated washings with sterile, glass 
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distilled water, in three replicates were kept in between towel papers saturated with distilled water. The 
evaluation of the normal seedlings was done on the 7th.day as prescribed by ISTA (1985). 
 
Conditioning and storage of seeds: 
 

About 350 g of seeds of each seed type was sterilized with 0.1% HgCl2 solution for about 2 – 3 minutes. 
After repeated washings with sterile glass distilled water, seeds were dried in between the towel paper and kept 
in sterilized plastic baskets over water in air tight desiccators. The desiccators were then transferred to an 
incubator maintained at 20±1o C. Periodically, the seed moisture content was determined according to ISTA 
(1985), till the desired moisture content of about 20% was achieved. The conditioned seeds were then 
transferred to an incubator maintained at 40o C and observations were taken after 4 days and 8 days of storage 
on germination described above and also on the following parameters.  
 
Seedling length and dry weight: 
 

After the normal seedlings were evaluated on the 7 th. day, the length of 10 normal seedlings in three 
replicates were taken and the mean of three means  was reported and expressed in cm/seedling. Similarly, for 
seedling dry weight, the seedlings used above were subjected to drying at 90o C for 24 hours and the mean of 
three means was reported and expressed in mg/seedling. 
 
Membrane permeability: 
 

 Effect of ageing on membrane permeability was studied by determining the amount of water soluble sugars 
and amino acids in the steeped-water as well as from whole seeds. 1 g of sterilized(0.1% HgCl2  solution)seeds 
of each seed type was incubated in 20 ml of sterile glass distilled water for 2 hours, at 25o C in dark. The 
steeped-water served as a source for leached-out water soluble sugars and amino acids. The seeds were then 
homogenized in 10 ml of water and centrifuged at 4000rpm for 15 minutes. The supernatant was taken and the 
volume was made up to 100 ml with distilled water, which served as a source of water soluble sugars and amino 
acids left over in seeds. Routinely, 0.1 to 1ml of the steeped-water and seed extract was used for estimating 
leached-out water soluble sugars and amino acids according to the method of Dubois et al.(1956) and Rosen 
(1957), respectively. 

The conductivity of the steeped-water, for both the seed types was taken to ascertain the effect on 
membrane permeability. The mean of three replicates in each case was reported and expressed in μMhos / g 
seeds / hour. 
 
Starch and  protein in seeds: 
 

Soaked  seeds of each of the seed type were sterilized and cut lengthwise so that half of the embryonic axes 
and the endosperms were included in the investigation. Starch was estimated according to Jones and Varner 
(1967) with slight modification in the grinding medium, where, 1 g of half-cut seeds was taken and  
homogenized according to Anderson (1970) using 10 mM CaCl2 solution in 0.2 N NaCl solution. 

For protein estimation, the half-cut seeds as above were used and the method of Lowry et al.(1951), was 
followed. 
 
α-amylase and protease:  
 

1 g of seeds sterilized and soaked in distilled water for 24 hours at 25o C and cut lengthwise as described 
elsewhere, was used for estimation of α-amylase and protease, following the methods by Jones and Varner 
(1968) and Beevers (1968), respectively. 

The 0 day results of accelerated ageing on all the parameters are those of conditioned seeds but not exposed 
to 40o C storage temperature. 

The data obtained were subjected to two-way ANOVA 
 
Results: 

 
The results on percentage germination of freshly collected seeds as well as those of initial moisture contents 

of fresh and conditioned seeds were given in Table 1. 
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Table 1: Showing germination percentage of fresh seeds and seed moisture content of fresh and conditioned seeds of two varieties of Zea 
mays. 

Seed 
Types 

Germination of Fresh 
Seeds      (%) 

Fresh Seeds Moisture 
Content (%) 

Conditioned Seeds 
Moisture Content (%) 

yellow 94.67(±0.01) 13.19(±0.01) 20.05(±0.05) 
purple 97.33(±1.15) 11.23(±0.23) 20.07(±0.07) 

Figures in parentheses indicate standard error 

 
There was no significant difference in germination percentage based on normal seedlings evaluated on the 

7th day of incubation(Fig.1)  as well as the seedling length ( Fig. 2) at 4 days of storage in both the seed types as 
compared to those at 0 day, however, on the 8th. day of storage the purple  seeds were more affected as 
compared to those of  yellow ones, despite the fact that the former had a comparatively higher original(fresh) 
percentage of germination and lower initial seed moisture content (Table 1.). In both the seed types, the seedling 
dry weight showed a gradual decrease after 4 days of storage despite the fact that there was no fall in 
germination over the same period of storage time; the purple seeds were more effected by accelerated ageing on 
the 8th.day of storage (Fig. 3).  

Conductivity of the steeped-water, the leached-out water soluble sugars and amino acids showed a 
significant increase during the period of storage under accelerated ageing in both the seed types whereas the 
total water soluble sugars decreased in seeds; the total amount of amino acids on the other hand increased 
significantly in both the seed types(Table 2). The starch content remained relatively stable during the course of 
storage, whereas the protein content decreased gradually in both the seed types(Fig.4); the activity of  α-amylase 
decreased gradually upto 8 days of storage, whereas that of protease at both alkaline and acidic pH increased 
more rapidly in both seed types during storage(Fig.5).  
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Fig. 1: Germination percentage from two seed types of Zea mays stored under accelerated ageing, lsd value at 

P>0.01. 
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Fig. 2: Seedling length from two seed types of Zea mays stored under accelerated ageing, lsd values at P>0.01. 
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Fig. 3: Seedling dry weight from two seed types of  Zea mays stored under accelerated ageing, lsd at P>0.01. 
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Fig. 4: Starch and proteins from two seed types of  Zea mays stored under accelerated ageing, lsd at P>0.01. 

 
 
 
 
 
 
 
 



2517 
J. Appl. Sci. Res., 9(4): 2513-2519, 2013 
 

 

0 4 8
0

2

4

6

8

1 0

1 2

1 4

1 6

1 8

2 0

0

2

4

6

8

1 0

1 2

1 4

1 6

1 8

2 0


-a

m
yl

as
e(

  
 u

n
it

s/
g 

se
ed

s)

P
ro

te
as

e(
m

g 
am

in
o 

ac
id

s/
g 

se
ed

s)

 ye l low se e ds , -am ylase , l sd =  0.30
 purple  se e ds , -am ylase , l sd =  0.10
 ye l low se e ds ,prote ase ,(aci .), l sd =  0.25
 purple  se e ds ,prote ase ,(aci .), l sd =  0.29
 ye l low se e ds ,prote ase ,(alk .), l sd =  0.29
 purple  se e ds ,prote ase ,(alk .), l sd =  0.45

A c c e l e r a t e d  a g e i n g ( D a y s )  
Fig. 5: α-amylase and protease activities from two seed types of Zea mays  stored under accelerated ageing, lsd at 

P>0.01.Alkaline = alk, acidic = aci. 
 

Table 2: Conductivity, water soluble sugars, amino acids in the leachate and in     the whole seeds of two seed types of Zea mays. 
 
 
Seed type 

Accelera 
ted ageing 
 
 
Days 

Leachate 
 

Whole seeds 

Conductivity 
 
 
μMhos/g  
seeds/ hr 
 

Water soluble 
sugars 
mg/g seeds/hr 

Amino acids 
 
mg/g seeds/hr 

Water soluble 
sugars 
mg/g  
seeds 

Amino  
acids 
 
mg/g  
seeds 

yellow 
seeds 

0 
 
4 
 
8 

0.053(±0.003) 
 
1.830(±0.028) 
 
6.200(±0.000) 

1.09(±0.08) 
 
1.46(±0.19) 
 
1.46(±0.53) 

0.12(±0.02) 
 
0.14(±0.01) 
 
0.16(±0.01) 

64.50(±2.77) 
 
59.44(±4.24) 
 
53.00(±0.86) 

12.02(±0.67) 
 
17.80(±0.91) 
 
17.90(±0.85) 

   lsd(P>0.01) 0.22 0.15 0.03 3.01 0.62 
purple 
seeds 

0 
 
4 
 
8 

1.550(±0.000) 
 
2.500(±0.500) 
 
7.200(±0.000) 

1.18(±0.14) 
 
1.49(±0.16) 
 
1.63(±0.18) 

0.11(±0.01) 
 
0.15(±0.01) 
 
0.57(±0.07) 

65.11(±2.08) 
 
55.22(±2.77) 
 
51.66(±2.12) 

12.00(±0.66) 
 
15.19(±0.77) 
 
17.13(±0.70) 

lsd(P>0.01) 0.54 0.391 0.04 2.29 0.82 
Figures in parentheses indicate standard error 

 
Discussion: 

 
It is obvious that the seedling dry weight was earlier affected as compared to the seedling length(Fig.2) and 

germinability(Fig.1) and also that the purple seeds are more vulnerable to the effect of high seed moisture 
content and high storage temperature as compared to the yellow seeds. Seedling length and dry weight are 
considered as physiological parameters of seed vigour; decrease in seed vigour is reflected in decrease seedling 
length and dry weight. Hence, it may be argued that  during ageing, the loss of viability is preceded by the loss 
of seed vigour as contented by Harrington(1972) and are in consistent with earlier report on  varieties of hybrid 
corn seeds by Santipracha et al. (1997), stored under accelerated ageing and also in this investigation it is 
observed that seedling dry weight in both the seed types precedes the viability loss(Fig.1) and seedling 
length(Fig.2) after 4 days of ageing. The purple seeds are more vulnerable to unfavourable storage conditions; 
this difference in vulnerability may be attributed to the difference in genetic constitution. The difference in 
germinability in response to the same storage conditions have also been reported in seeds of varieties of wheat 
(Agrawal,1979) and rice ( Ray and Gupta, 1979). There is limited information with regard to the seedling length 
and dry weight from seeds which have not lost their viability, although information on the same parameters 
occurring concomitantly with seed deterioration are plenty. Hence, the present study offers some information in 
exercising caution should seeds of these two seed types of  Zea mays  be recommended to farmers. Poor 
performance in terms of slow growth, cob size and low yield have been  regular complaints from farmers in the 



2518 
J. Appl. Sci. Res., 9(4): 2513-2519, 2013 
 

 

region, and it may be suggested that seed moisture content may be the responsible factor as relative humidity in 
area(Mawsynram) from where seeds are collected and stored by farmers, persists at a relatively higher level all 
the year round, which may result in decrease in seed vigour.  

The increase in membrane permeability in seeds of corn varieties during storage were also earlier reported 
by Gill and Delouche ( 1973) and Santipracha et al. (1997), whereas the  lipid peroxidation increase in maize 
seeds was observed by Basavarajappa et al.  (1991). In Table 2, it has been observed that there is an increase in 
conductivity and the leached-out water soluble sugars and amino acids. The association of increased 
conductivity and the leached-out water soluble sugars and amino acids were also earlier reported in crimson 
clover and ryegrass ( Ching and Schoolcraft,1968; Ching 1972), rice (Ray and Gupta,1979, Ghosh et. al.,1981) 
and sunflower ( Halder and Gupta,1980). Hence, it may be suggested that the  membrane integrity was affected 
by accelerated ageing, and consequently biomolecules and electrolytes were leached out into the leachate.   

The decrease in the contents of water soluble sugars(Table 2) and proteins(Fig.4) and an increase in amino 
acids(Table 2) during seed deterioration in our investigation confirmed the earlier report in seeds of two 
varieties of maize ( Basavarajappa et al.,1991). It may be argued that the increase in amino acid content 
accompanied by the decrease in protein content may be due to increased protease activity which hydrolyzed all 
soluble proteins as contended by Perl et. al. (1978), including α-amylase, which led to the decrease in the 
content of water soluble sugars in seeds(Table 2)and that starch(Fig.4) content remained relatively stable. The 
increased protease activity during seed deterioration was also earlier reported in seeds of rice ( Mitra et al. 
1974), green gram, bengal gram and wheat ( Agrawal and Kharlukh,1987) and in pigeonpea (Kalpana and 
Madhava Rao,1997); the decrease in α-amylase activity  was also observed in deteriorating barley seed 
(Anderson, 1970), rice (Mitra et al.,1974, Ghosh et. al.,1978) and three agricultural species mentioned above by 
Agrawal and Kharlukhi (1987). 

In the present study it was obvious that some physiological and biochemical changes in seeds preceded or 
occurred concomitantly during the loss of viability, which may have an impact on the over all performance of 
crops in the field and that the mechanism of ageing is initiated with the loss of membrane integrity. 
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