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ABSTRACT 

Islam MM, Muhammad N, Islam NB, Forid MS, Islam ATMS (2016) Assessment of seed quality of maize (Zea mays) influenced by 
different storage containers at different storage periods. Int. J. Sustain. Crop Prod. 11(3), 20-28. 
 

An experiment was conducted in IRT Building of Hajee Mohammad Danesh Science and Technology University, 

Dinajpur during 20 March to 20 June, 2016 to evaluate the effects of biotic and abiotic factors on seed quality of 

maize seed. Three types of containers namely plastic container, polythene bag and gunny bag were used as 
experimental treatment. The containers were stored at room temperature and ambient relative humidity around three 

months. The experiment was laid out in Completely Randomized Design (CRD) with three replications. Seed quality 

factors viz., moisture content, germination percentage, vigor index, percentage of abnormal seedling, fresh seed and 
dead seed were recorded every 15 days interval. The initial moisture content of seed in plastic container, poly bag, and 

gunny bag were 9.46%, 10.22% and 11.87%, respectively, but it was increased with increasing storage time after 60 

days (10.82%, 11.13% and 13.00%). The germination percentage was higher at 15 days after storage (DAS) for 
different containers like plastic containers (85%), poly bag (81%) and gunny bag (75%) than after 60 DAS (75%, 71% 

and 63%), respectively, on sand substrate. The percentage of abnormal seedling was increased from 11 to l7%, 13 to 

19%, and 15 to 20% in plastic container, poly bag, and gunny bag, respectively, from 15 DAS to 60 DAS. The 
percentage of dead seed was increased from 2 to 3% and 4 to 5% in plastic container and gunny bag, respectively. The 

vigor indexes of seedling were 14.58, 12.85 and 10.92 in plastic container, poly bag and gunny bag, respectively at 15 

DAS and it was decreased (10.39, 10.26 and 10.08) at 60 DAS, respectively. The result revealed that the germination 
percentage decreased with the increase in storage period. The study also indicated that initial moisture and storage 

container has significant role on the quality of maize seeds and plastic container is the best one for storing the seeds 

with better benefits. 
 

Key words: seed quality, maize, storage containers, storage periods 
 

INTRODUCTION 
 

Maize (Zea mays) belongs to the family Gramineae (Poaceae). It is a C4 plant and highly nutrient exhaustive 

plant. Root system is tap root, robust and broad leaves. It consists of 7 genera each of which has separate male 

and female inflorescence on the same plant. Maize occupies and important place in the food security system of 

many nations. The center of origin of maize is the Mesoamerican region, probably in the Mexican highland, 

from where it spread rapidly. Archaeological records and phylogenetic analysis suggest that domestication 

began at least 6000 years ago (Piperno and Flannery, 2001). Maize spread around the world after European 

discovery of the Americas in the 15
th

 century, particularly in the temperate region (Farnham et al. 2003). Maize 

is the third most important cereal crop in Bangladesh, after rice and wheat. The grains has high nutritive values 

containing 66.2% starch, 11.1% protein, 7.12% oil and 1.5% minerals. Moreover 100 g maize grains contain 90 

mg carotene, 1.8 mg niacin, 0.8 mg thiamin and 0.1 mg riboflavin (Chowdhury and Islam, 1993). 
 

Cultivation of maize has started to gain momentum as requirement of maize grain has been increasing as poultry 

feed in Bangladesh. With the expansion of Poultry industry in the country the requirement of poultry feed has 

also been increasing. Maize is the main item (60-70%) of poultry feed. According to BBS report, in 1970-71 

maize production was 3000 ton only from 3300 hectare land but in 2014-15, the maize area and production was 

raised to 3 lac hectares and 22.71 lac ton respectively (BBS 2015).  
 

Lack of quality seed is one of the main problems for maize production. Seeds are the basic input for production. 

10-15% production was found reduced due to use of poor quality seed (Huda 2001). Major part of seed quality 

deteriorates at the time of storage in our country. Most of the farmers of Bangladesh are illiterate and they do 

not know how to preserve seed. They store their seeds as they store their food grain. Seeds are living thing. The 

most important biotic and abiotic factors that affect seed quality are relative humidity, temperature, insect and 

fungus. The relative humidity and temperature act constantly on seed. Insect infestation is supported by this 

condition. Storage fungi invade seed. Due to high relative humidity seed sets equilibrium at high percentage of 

moisture. Higher temperature and higher moisture percentage increase respiration. In this condition the seeds 

lose germination capacity. As a result the quality of the seed becomes unsuitable for crop production. High 

relative humidity and high temperature cause high moisture content in maize seed resulting low germination and 

low vigor seedlings at the end of storage. Safe condition was defined as those, which maintain seed quality 

without loss of vigor for three years (Harrington 1960). Such conditions are favorable but not always possible or 

not economically justified. It is practically true in humid tropical and sub-tropical areas such as Bangladesh 

where high temperature (annual average 25
0
C + 6-9

0
C) and high relative humidity (annual average 85% + 5-

10%) are recorded. Such ambient conditions may lead to a relatively rapid increase of temperature and rapid 

loss of germination and vigor with consequently serious damage to the agriculture economy. 
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Several authors have demonstrated that safe storage conditions for a short term period, i.e. from harvest to the 

next planting season (1-9 months) are those in which the seed equilibrium moisture is lower than 14% for cereal 

seeds and 11% in oil seeds (Harrington 1972) or, more properly, ranges from 12% to l3% and from 8% to 9.5%, 

respectively and from 7% to 8% for most of the vegetables seeds (Lovato 1976). This means a seed moisture in 

"equilibrium" with 50% RH at 30
0
C or 60% RH at 20

0
C (Delouche et al. 1973) or with 65% RH but with a 

temperature higher than 33
0
C for only a few hours (Harrington 1972). Therefore, proper control of seed 

moisture content and seed storage conditions becomes essential for the maintenance of seed viability and vigor, 

especially in humid tropical regions. On the other hand, storage losses from insect attack are often creates a 

great problem. Many stored grain pest are very small and multiply to large numbers without giving any 

alarming. Estimate of losses to the world's supply of stored grain from insect damage ranges from 5 to 10 

percent of the world's production. High relative humidity and high temperature causes disease and insect 

infestation. Infestation in stores become serious when temperatures are between 85 to 105
o
F and the humidity 

ranges between 65 to 85 percent and the moisture content of stored grains remain above l2% (Griffiths et al. 

1959). 
 

Little works have been found on seed storage of maize seed in Bangladesh. But there is no available information 

relating maize storage and effects of biotic and abiotic factors on quality of maize seed storage. The present 

research work was conducted to identify the best container for storing maize seed with the effect of biotic and 

abiotic factors on the storing performance and quality of maize seeds and to determine the interaction between 

storage container & initial moisture content of maize seed on the storage legibility. 
 

MATERIALS AND METHODS 
 

Location 
 

The study was conducted at the IRT Building of the Hajee Mohammad Danesh Science & Technology 

University, Dinajpur (HSTU) during 20 March to 20 June, 2016 for around Three months to observe the effects 

of variation in Maize seed quality preserved in different seed containers. The experiment was conducted in the 

room temperature with three seed storage containers. The following steps were considered during the study 

period. 
 

Seed Collection 
 

Maize seeds of local variety (Barnali) were collected from the local market and used in this experiment. Seeds 

were kept in three supplied storage containers and stored at room temperature and RH for 2 months. Thousand 

seed weight was weighed. 
 

Experimental treatments 
 

The following two sets of treatments were included in the experiment: 

A. Storage material: 3 

i) Plastic container ii) Poly bag iii) Gunny bag 

B. Storage period: 4 

i) l5 days ii) 30 days iii) 45 days iv) 60 days 
 

Experimental design 
 

The experiment was laid out in Completely Randomized Design (CRD) with three replications. 
 

Sampling 
 

Sampling was carried out at l5 day’s intervals up to 60 days i.e. 4 times. At each sampling, samples were taken 

randomly from each storage container. 
 

Regular testing of seed kept in three containers 
 

During the storage period Seed samples were taken every fortnightly from the containers for determination of 

change of moisture content (Wet basis), germination percentage, presence of insect and others activities. 
 

Moisture test 
 

Moisture content was determined by using high constant temperature oven method following International Rules 

for Seed Testing (Anonymous 1999) in the Agronomy Laboratory of HSTU. 5g of seeds from each 3 containers 

were taken and poured in a small container with cover and kept in an oven maintained at a temperature of 130
0
C 

to 133
0
C for a period of 1 hour. The moisture content of seeds (wet basis) was determined by the following 

formula (Anonymous 1999). 

MC (%) =   

M1 = Wt. of container + cover 

M2 = Wt. of container + cover + Maize seed before drying 

M3 = Wt. of container + cover + Maize seed after drying 
 

Similar procedure was performed every fortnight from beginning of storage. 
 

Islam et al. 
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Germination Test 
 

Germination test was conducted using sand as substratum. The sand was sieved to discard particles bigger than 

0.8 mm and smaller than 0.05 mm in diameter. Rectangular plastic boxes were used to put the sand. For every 

test new sand was used. Seed was placed on a uniform layer of moist sand and then covered to a depth of 10 mm 

with sand, which was left loose. 100 seeds were planted in each plastic tray and replicated three times. The 

plastic trays with seed were incubated at room temperature and irrigated at every odd day. After 8 days, 

germination percentage was recorded. The normal seedlings and abnormal seedlings and ungerminated seed 

were classified according to the prescribed ru1es given by ISTA. 
                                  

Germination (%) =                                                               
                                        

Seeds were stored at room condition in different containers and germination test was performed every 8 days of 

interval beginning from collection of seeds up to 40 days to observe the rate of natural aging of Maize seeds 

stored in different containers. 
 

Seedlings obtained from standard germination test were used for seedling evaluation. Normal or abnormal 

seedlings were classified according to the rules of ISTA (1993). Seedling shoot and root length was measured 

on day I of the germination test. Ten plant samples from each plastic pot were harvested and shoot and root 

length of individual plant was recorded. 
 

Vigor Index (VI) 
 

Vigor index (VI) was calculated from a daily count of germinated seeds until it reached a constant value, using 

the following formula: 
                                  

Vigor Index (VI) =                                                                            
 

Germination index (GI) was calculated using the following formula given by Scott et al. (l984)                                        
 

Germination Index (GI) =                                                  

Here, 

Ti = the number of days after sowing 

Ni= the number of seeds germinated on day 

S = Total number of seeds used 
 

The coefficient of velocity (CV) was calculated using the following formula given also by Scott et al. (1984). 
             

CV =    
             

Here, 

Ti = the number of days after sowing 

Ni = the number of seeds germinated on day 
 

Insects and Diseases 
 

For observation of biotic factor that influence seed quality, 20 g of Maize seeds were taken and observed the 

numbers and kind of insects or pathogen were presented. 
 

Record keeping of dry bulb and weight bulb temperature and relative humidity 
 

Reading of dry bulb and weight bulb temperature and relative humidity of inside the room and outside the room 

were recorded in 10.00 am and 4.00 pm every day. Amount of rainfall and maximum and minimum temperature 

were collected from Wheat Research Center, Nosipur, Dinajpur. 
 

RESULTS AND DISCUSSION 
 

Effect of Abiotic Factors 
 

Effect of storage on germination of maize seed at different Days After Storage (DAS) 
 

Three types of containers, i.e. plastic container, poly bag and gunny bag were used to preserve the seeds. Seed 

preserved in these containers had different germination percentage at different days but initially it was 90.00 

percent. Germination is the most important function of a seed as an indicator of its viability and worth as seed. 

Seeds preserved in three containers had different moisture restricting capability. 
 

Germination test provides to the ability of seeds to germinate and produce seedlings that emerge from sand. The 

rate of germination decreased with time. Table 1 shows the germination rate as 88%, 84.5%, and 82.5% in 

plastic container, poly bag, and gunny bag, respectively, after 60 days where initially it was 90%, 86% and 85%, 

respectively. The results are in agreement with data presented by Mettanda et al. (2001); Rai1 et al. (2011) and 

Muhammad et al. (2016). 
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Table 1. Effect of storage containers on germination of maize seed at different Days After Storage (DAS) 
 

Treatments 
Germination rate (%) 

15 DAS 30 DAS 45 DAS 60 DAS Mean 

Plastic container 90 a 90 a 88 a 86 a 88 a 

Poly bag 86 b 85 b 83 b 84 ab 84.5 b 

Gunny bag 85 b 83 b 82 c 80 c 82.5 b 

CV% 3.7 4.1 4.2 4.2 4.7 
Means followed by same letters are not significant at 5% level of significance 
 

Effects of storage container on moisture percentage of maize seed at different Days After Storage (DAS) 
 

The first moisture percentage of storage (15 DAS) seed in plastic container, poly bag, and gunny bag were 

9.89%, 10.02%, l0.42% and 10.98%, respectively, and lastly in 60 DAS, it was 10.66%, 10.95%, 11.03% and 

11.08%, respectively. The seeds of gunny bag come to the contact with air and their moisture content was 

increased sharply from initial moisture content. But moisture contents of seeds of plastic container and poly bag 

remain approximately constant during the experimental period. Gradual increase tendency of moisture was 

found in the seeds of plastic container and poly bag. It was found increased from 9.89 to 10.98 and 10.13 to 

10.61 in the seeds of plastic container and poly bag, respectively. In every container, the moisture content 

slowly increases due to time of storage period. Findings of the present study are supported by Saif-ul-Malook et 

al. (2014); Aslam et al. (2013) and Huda (2001). 
 

Table 2. Effect of storage containers on moisture content of maize seed at different Days After Storage (DAS) 
 

Treatments 
Moisture (%)  

15 DAS 30 DAS 45 DAS 60 DAS 

Plastic container 9.89 c 10.02 c 10.42 b 10.98 b 

Poly bag 10.13 b 10.25 b 10.42 b 10.67 c 

Gunny bag 10.66 a 10.95 a 11.03 a 11.08 a 

CV% 3.5 3.2 4.1 3.9 
DAS = Days after Storage, *Mean value of 3 replications 

Means followed by same letters are not significant at 5% level of significance 
 

Interrelationship effect of storage container on moisture level and germination of maize seed at different 

Days After Storage (DAS)  
 

The relationship between moisture content (%) and germination is shown in Table 3. In plastic container, the 

maximum germination parentage (90%) was observed when moisture contents was 9.89% and 10.02% but 

slightly decreased (88% and 86%) when the moisture content attained at 10.42% and 10.67%, respectively. In 

poly bag, the germination (%) was highest at 10.13% moisture content, which is 86% but lowest at 10.67% 

moisture content, which is 84%, maximum (85%) germination was found at 10.66% moisture content in gunny 

bag which decreased (80%) as moisture content increased at 11.08%. Saif-ul-Malook et al. (2014) and 

Muhammad et al. (2016) also found similar results in their study. 
 

Table 3. Interrelationship effect of storage container on moisture level and germination of maize seed at 

different Days After Storage (DAS) 
 

Treatments 

15 DAS 30 DAS 45 DAS 60 DAS 

MC 

(%) 

Germination 

(%) 

MC 

(%) 

Germination 

(%) 

MC 

(%) 

Germination 

(%) 

MC 

(%) 

Germination 

(%) 

Plastic 

container 
9.89 c 90 a 10.02 c 90 a 10.42 b 88 a 10.98 b 86 a 

Poly bag 10.13 b 86 b 10.25 b 85 b 10.42 b 83 b 10.67 c 84 ab 

Gunny bag 10.66 a 85 b 10.95 a 83 b 11.03 a 82 bc 11.08 a 80 c 

CV% 3.5 3.7 3.2 4.1 4.7 4.2 3.9 4.2 
MC = Moisture Content 

Means followed by same letters are not significant at 5% level of significance 
 

Effect of storage container and Days After storage (DAS) on normal seedling 
 

Effect of storage material on number of normal seedling of maize seeds in different storage period is presented 

in Table 4. Result shows that the number of normal seedling was significantly influenced by different storage 

material in various storage periods. The seed of gunny bag always produced the lowest number of normal 

seedling 85, 83, 82 and 80 at 15, 30, 45 and 60 Days after storing, respectively. The plastic container produced 

the highest number of normal seedling 90, 90, 88 and 86 at 15, 30, 45 and 60 days after storing, respectively. 

The intermediate number of normal seedling was produced by poly bag seeds. Khalequzzaman et al. (2012) and 

Muhammad et al. (2016) also found similar results in their study. 
 

Islam et al. 
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Effects of storage container and Days After Storage (DAS) on abnormal seedling 
 

Effect of storage material on number of abnormal seedling of maize seeds in different storage period is given in 

Table 4. Result shows that the number of abnormal seedling was significantly influenced by different storage 

material in various storage periods. The seed of gunny bag always produced the highest number of abnormal 

seedling 7, 8, 8 and 10 at 15, 30, 45 and 60 days after storing respectively. The plastic container produced the 

lowest number of abnormal seedling 6, 7, 8 and 9 at 15, 30, 45 and 60 days after storing respectively. The 

intermediate number of abnormal seedling was produced by poly bag seeds. These findings are supported by 

Khalequzzaman et al. (2012) and Muhammad et al. (2016). 
 

Effects of storage container and Days After Storage (DAS) on dead seed 
 

Effect of storage material on number of dead seed of maize seeds in different storage period is given in Table 4. 

Result showed that the number of dead seed was significantly influenced by different storage material in various 

storage periods. The seed of gunny bag obtained the highest number of dead seed 4, 4, 5 and 5 at 15, 30, 45 and 

60 days after storing respectively; whereas the lowest number of dead seed found in plastic container 2, 2, 3 and 

3 at different storing periods respectively. Amin et al. (2008) and Muhammad et al. (2016) also reported similar 

results in their study. 
 

Effects of storage container and Days After Storage (DAS) on fresh ungerminated maize seed 
 

Effect of storage material on number of fresh ungerminated maize seed in different storage period is given in 

Table 4. Result showed that the number of dead seed was significantly influenced by different storage material 

in various storage periods. The seed of gunny bag obtained the highest number of dead seed 8, 10, 11 and 12 at 

15, 30, 45 and 60 days after storing respectively; whereas the lowest number of dead seed found in plastic 

container 5, 6, 6 and 7 at different storing periods respectively. The results showed similarity with the results of 

Amin et al. (2008) and Muhammad et al. (2016). 
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Table 4. Effect of storage container and Days After Storage (DAS) on normal seedling, abnormal seedling, dead and fresh ungerminated maize seed  
 

Treatments 

Number of normal seedling Number of abnormal seedling 
Number of dead seed during  

storage period 

Number of fresh ungerminated 

seed during storage period 

15 

DAS 

30 

DAS 

45 

DAS 

60 

DAS 

15 

DAS 

30 

DAS 

45 

DAS 

60 

DAS 

15 

DAS 

30 

DAS 

45 

DAS 

60 

DAS 

15 

DAS 

30 

DAS 

45 

DAS 

60 

DAS 

Plastic container 90 a 90 a 88 a 86 a 6 b 7 b 8 b 9 b 2 c 2 c 3 c 3 b 2 b 1 c 1 c 2 c 

Poly bag 86 b 85 b 83 b 84 b 7 a 8 a 9 a 10 a 3 b 3 b 4 b 3 b 4 a 4 b 4 b 3 b 

Gunny bag 85 b 83 b 82 c 80 c 7 a 8 a 8 b 10 a 4 a 4 a 5 a 5 a 4 a 5 a 5 a 5 a 

CV (%) 3.7 4.1 4.2 4.2 4.3 3.6 3.8 4.2 4.2 4.3 4.6 4.2 3.2 3.7 3.7 3.6 
Means followed by same letters are not significant at 5% level of significance 
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Effects of storage container and Days After Storage (DAS) on Seedlings root length shoot length and root- 

shoot ratio of maize seeds 
 

In case of shoot length, highest length was observed in poly bag (27.08 cm) at 15 DAS and the lowest length was 

24.3 cm in gunny bag at 60 DAS. On the other hand in case of root length, highest length was observed in poly bag 

(25.18 cm) at 15 DAS and the lowest length was 11.01 cm in gunny bag at 60 DAS. But there is no significant 

difference in shoot length among the containers. Anyway, in the long run, plastic container showed slightly better 

performance (25.85 cm). In case of root-shoot ratio, it is clear that in each container, higher length of roots was 

noticed than shoots. The highest ratio was found in plastic container at 15 DAS (0.95) and the lowest ratio at 60 

DAS in gunny bag was 0.70 (Table 5). This result confirmed that the root length of maize seedling is higher than the 

length of shoot. Barton (1943) also reported similar results in his study. 
 

Table 5. Effects of storage container and Days After Storage (DAS) on Seedlings root length shoot length and root- 

shoot ratio of maize seeds 
 

Treatments 

Shoot length (cm) Root length (cm) Root-Shoot ratio 

15 

DAs 

30 

DAS 

45 

DAS 

60 

DAS 

15 

DAS 

30 

DAS 

45 

DAS 

60 

DAS 

15 

DAS 

30 

DAS 

45 

DAS 

60 

DAS 

Plastic container  26.24 b   26.23 a 25.9 a 25.85 a 24.92 b 22.29 a 21.75 a 18.87 b  .95 a  .85 a  .84 a  .73 b 

Poly bag  27.08 a   26.10 a 25.6 a   25.15 a   25.18 a   22.44 a  20.48 ab   19.11 a    .93 a    .86 a    .80 b    .76 a 

Gunny bag  26.25 b  26.02 b  25.45 a   24.3 b   22.57 c  20.03 b 18.57 c  17.01 c   .86 c   .77 b   .73 c    .70 c 

CV% 3.2 3.4 3.7 4.2 3.6 3.7 3.9   3.5  3.7 3.6  4.2   3.9 
Means followed by same letters are not significant at 5% level of significance 
 

Effects of storage container and Days After Storage (DAS) on 1000-seed weight 
 

From the Table 6, it is clear that seed of each container have absorbed moisture in storage period. The increasing 

tendency of seed weight was higher in gunny bag (347.46 g to 350.92 g) than the two containers which might be due 

to the air exchange between inside and outside of gunny bag and absorption of moisture by the seed. Islam (2006) 

and Muhammad et al. (2016) also observed similar results in their study. 
 

Table 6. Effects of storage container and Days after Storage (DAS) on 1000-seed weight 
 

Treatments 
1000-seed weight 

15 DAS 30 DAS 45 DAS 60 DAS 

Plastic container 341.36 c 342.65 c 342.95 c 343.22 c 

Poly bag 345.41 b 346.50 b 347.85 b 348.26 b 

Gunny bag 347.46 a 348.53 a 349.72 a 350.92 a 

CV% 3.7 3.2 3.4 3.7 
Mean followed by same letters are not significant at 5% level of significance 
 

Effects of storage container and Days After Storage (DAS) on Vigor index 
 

In case of vigor index, the highest vigority (14.58) was found in plastic container at 15 DAS (Table 7) and the 

lowest was observed in gunny bag at 60 DAS (10.08). The tendency of vigority loss was slow which reflected in the 

germination percentage. Islam (2006) and Muhammad et al. (2016) also observed similar results in their study. 
 

Table 7. Effects of storage container and Days After Storage (DAS) on Vigor index 
 

Treatments 
Vigor index 

15 DAS 30 DAS 45 DAS 60 DAS 

Plastic container 14.58 a 14.02 a 11.39 a 10.39 a 

Poly bag 12.85 b 11.20 b 11.02 a 10.26 a 

Gunny bag 10.92 c 10.88 c 10.24 b 10.08 b 

CV% 3.5 4.0 4.5 5.1 
Means followed by same letters are not significant at 5% level of significance 
 

Effect on Biotic Factors 
 

Fungi 
 

In general prevalence of fungi was found higher in the seeds of cloth bag and plastic container than the seed of poly 

bag. Number of dead seed (Table 4) indicated the presence of fungi but these were not identified by pathological 

test. 
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Insects 
 

No insects observed during the storage period in all the containers. It might be due to the average temperature and 

moisture content was not favorable for insects. 
 

CONCLUSION 
 

From the overall results it may be concluded that improved indoor containers like plastic container gave quality 

seeds rather than poly bag and Gunny bag during storage period. Gunny bag is not safe for maize seed storage for 

long time than plastic container and poly bag due to the rate of moisture absorbance was higher in gunny bag than 

plastic container and poly bag. 
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