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Abstract
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Inappropriate storage and moisture content of seed leads to weevil infestation within a month of storage. So, an experiment was 
conducted to evaluate the effect of various storage structures and moisture content on weevil infestation and seed quality attributes 
of maize seed. Quality protein maize (QPM-1) and manakamana-4 were tested in two different improved hermetic storage structures 
(PICs and super grain bags) under two different moisture regimes (11% and 9%) at Seed Science and Technology Division, Khumaltar, 
Nepal during June 2015 to October 2017. The experiment was laid out in three factor factorial experiment based on completely ran-
domized design (CRD). Data on electrical conductivity (EC), Change in Moisture content (CM), germination percentage and seedling 
length was measured at start and end of the experiment. Maximum germination percentage and seedling length was found on PICs 
bags (93% and 23cm respectively). Manakamana- 4 show greater resistances against weevil but variety alone have no significant 
difference on germination and seedling length. Interaction of low moisture and Perdue Improve crop storage (PICS) showed better 
result on weevil infestation, weight loss by weevil and CM, but no significant difference was observed on germination percentage and 
seedling length. During the experiment period maximum weevil infestation and weight loss was found on super grain bags 21% and 
2.59% and lowest in PICs bags 9% and 1.1% respectively. The findings evidenced that PICs bag with low moisture content can be 
safest approach in reducing the weevil infestation and retaining seed quality of maize seed for more than two years. 

Introduction
 In relation to area and production maize is the second most 

important food crop in Nepal [1]. According to Krishi Diary [2] 
maize occupied about 29.9% of total cultivated agriculture land. 
The maize kernel has nutritional properties that are comparable 
to other cereals such as rice and wheat. The nutritional composi-
tion of maize consists of carbohydrates, protein and small quanti-
ties of fat, vitamins, dietary fibers and minerals such as iron and 
phosphorus [3].

Since storage of maize for a month or more lead to weevil in-
festation, effective storage condition is the prime concern for long 
term storage of maize seed. It is estimated that 1% to 5% of stored 
grain in developed countries and 20% to 50% of stored grain in 
developing countries are lost due to insect damage [4,5]. Despite 
increased in production, postharvest loss due to insect infestation 
is a major challenge in maize [6]. Stored maize grain are prone to 

insect pest among which maize weevil (Sitophilus zeamais), Angou-
mois grain moth (Sitotroga cerealella) and larger grain borer (Pros-
tephanus truncatus) are the major ones [7]. Adult of these insect 
feed on undamaged grains which in turn change into dust making 
them unfit for human consumption [8].

Infestation by weevil is prevalent during field [9,10] but most 
damage is done during storage condition. Low germination, poor 
quality and weight loss are the major outcome of damage grain by 
weevil infestation [11]. Maize weevils are extremely destructive to 
maize under favorable condition of tropic and sub tropic tempe-
rature. Adult weevils damage by feeding on endosperm of stored 
maize. The female deposits egg on kernel and hatch into larva that 
feed on endosperm inside the kernel [12]. 

In orthodox seed like maize, moisture content is the most im-
portant single factor in determining seed longevity [13]. Maize 
grain is hygroscopic and its moisture content easily equilibrates 
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with the surrounding air, in open-air storage. This, in addition to 
high relative humidity and temperature in the tropics, promotes 
the rapid infestation and multiplication of insects, molds as well 
as rodents and birds attack in open-air storage [14]. Reduction in 
moisture content cause reduction in respiration and thus slows 
down ageing of seed and prolongs viability. Below 8-9% moisture 
insect activity is much reduced that could be maintain by hermetic 
storage. Under hermetic technology system metal silos was intro-
duced which is effective in reducing grain damage and loss from 
insect [15]. Although they work well in controlling maize weevils 
they are quite expensive for small farmers in terms of cost effecti-
veness [16]. Hermetic bags like PICs bags and super grain bags are 
quite affordable and easy to handle than metal silos.

Inappropriate seed moisture and storage condition are the ma-
jor concern for long term storage of maize seed. The uses of herme-
tic storage structures which reduce weevil infestation to extreme 
level are not popular in developing countries like Nepal. So, exten-
sion of such storage structures can help majority of Nepali farmers 
to combat with weevil infestation problem during the storage. Hen-
ce weight loss of storage grain and quality of maize seed can be 
retained for longer than that of the traditional storage structures.

Materials and Method
The experiment was conducted in laboratory of Seed Scien-

ce and Technology Division (Longitude 85०10’ E and Latitude  
27०39’N; Altitude, 1335m), Khumaltar, Nepal during June, 2015 to 
October, 2017.The experiment was carried out in complete ran-
domized design (CRD) consisting three factors which consist of 8 
treatments with 3 replications. Seeds of maize were used which 
was collected from NARC, Khumaltar. Maize seed of two different 
varieties

•	 V1: Manakamana-4 and

•	 V2: Quality protein maize (QPM-1)

Was selected and each variety was stored under two different 
storage structure;

•	 S1: super grain bag and

•	 S2: Perdue Improve crop storage (PICs bag)

The moisture content of each variety were maintained at 11% 
and 9% through sun drying and week desiccation with help of zeo-
lite beads using drying bead calculation and stored in two different 
storage structure;

•	 M1: 11%

•	 M2: 9%

Treatments details

Treatments Details
S1V1M1 Super grain bag, Manakamana-4,  

moisture content -11%
S1V1M2 Super grain bag, Manakamana-4,  

moisture content-9%
S1V2M1 Super grain bag, Quality Maize Protein (QPM-1), 

moisture content -11%
S1V2M2 Super grain bag, Quality Maize Protein (QPM-1), 

moisture content-9%
S2V1M1 PICs bag, Manakamana-4,  

moisture content -11%
S2V1M2 PICs bag, Manakamana-4,  

moisture content-9%
S2V2M1 PICs bag, Quality Maize Protein (QPM-1),  

moisture content -11%
S2V2M2 PICs bag, Quality Maize Protein (QPM-1), 

 moisture content-9%

Table a

Weevil infested seed count

Before counting infested and non-infested seed fuchsin acid so-
lution was made by adding 0.5 gm. of fuchsin acid in 950 ml distil 
water and 50 ml glacial acetic acid solution. 100 seed of each treat-
ment were randomly selected and soaked on warm water for 5 mi-
nutes and then water was drained. After draining water presoaked 
seed were put in the petridish containing fuchsin acid solution of 
about 250 ml and left for 3 minutes. After soaking the seed in fuch-
sin acid solution, the solution was drained and seed were washed 
with tap water and left in petri dish for drying purpose. The fuchsin 
acid solution make colorful at whole made by weevil and infected 
seed was easily observed. Then seed were observed under micro-
scopic view.

The infested and non-infested seed of each randomly selected 
sample were replicated 3 times. Then the percentage of weevil in-
fested seed was calculated in percentage basis by using following 
formula;

Eight treatments comprising 2 verities at 2 different moisture 
regimes were stored in two different storage conditions and laid 

out in completely randomized design (CRD). The initial seed qua-
lity attributes like germination, EC and seed moisture content were 
recorded during initial stage of experiment.

Percentage of weevil infested seed  =

number of  weevil infested seed

total number of sample seed of each replicate
* 100
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Grain weight loss percentage

A subsample of about one kg seed were taken from each bag 
of each treatment. 100 seed from each subsample were randomly 
selected for each replicate. Then grains are separated by eye into 
two groups i.e. damaged and undamaged grains. The damaged and 
undamaged grains in each group are then counted.

After that weight loss percentage of stored maize are calculated 
separately for each subsample using conversion factor method gi-
ven in Harris and Lindblad [17] as shown:

Weight loss% =
(Nd) * 100

(Nu+Nd) * 8

Nd= number of damaged grains and Nu= number of undamaged 
grains

Moisture content (MC)

Oven dry method was used for assessing moisture content of 
seed. The handful of seed for each treatment was grinded in the 
grinder and weight was measured fixing on the range of 4.9 to 5.1 
gram. Seed in powdered form was put in the can after weighing 
the empty can. The can weight can weight with grinded seed were 
taken and put in the oven dry at 130 degree centigrade degree for 
4 hours. After four hours the oven dried sample of respective treat-
ment were weighed and data were recorded. The moisture content 
of each treatment was calculated using formula

MC  =

(weight of grinded seed with can) - 
(weight of grinded seed with can after oven dried)

weight of oven dried sample with can

Electrical conductivity

According to the method of seed vigor testing [18] fifty seeds 
of each treatment was selected and weighed. Weighed seed were 
placed in a separate beaker for each treatment containing 250 ml 
of distilled water. Beaker was sealed with aluminum paper and was 
kept at room temperature for 24 hours. The ppm, temperature and 
µ value was recorded using EC Meter of Hanna Instruments.

E.C was calculated by using formula:

E.C  =
conductivity reading (μscm-1) - background reading

weight of replicate (gm)

Viability percentage, Germination percentage and seedling 
length

0.1% Tetrazolium solution was made for each treatment and vi-
ability percentage was determined by the following formula

Between paper methods was used to evaluate germination per-
centage and value was calculated by using the following formula

Germination percentage  =

total germinated seed for each replicate

total seed sample of each replicate
* 100

Seedling length was calculated at the 7th day of the germination 
test by calculating root and shoot length in cm.

Result and Discussion

Treatment Infested seed 
percent

Weight loss

Percent
Change in 

moisture %

Factor A(Maize)

V1 (Manakamana-4)

V2 (QPM-1)

F test

Factor B(moisture)

M1 (11%)

M2 (9%)

F test

Factor C(storage) 

S1 (super bag)

S2 (PICs bag)

F test

LSD (5%)

CV%

13b

17a

**

18a

12b

***

20.75a

9b

***

1.935

15.11

1.64b

2.06a

**

2.26a

1.44b

***

2.59a

1.10b

***

0.2419

15.11

0.37b

0.97a

***

0.81a

0.53b

***

1.14a

0.19b

***

0.119

20.61
Factor B: factor

M1S1

M1S2

M2S1

M2S2

F test

LSD (%)

CV%

25.17a

11c

16.33b

6.67d

*

2.953

15.11

3.14a

1.37c

2.04b

0.833d

*

0.369

15.11

1.38a

0.24c

0.90b

0.15c

**

0.182

20.61
Factor A: B: C

F test

LSD (5%)

CV%

NS

4.391

15.11

NS

0.548

15.11

*

0.271

20.61

Viability percentage =
viable seed

total seed sample
* 100

Table 1: Effect of different factors on weevil infestation, weight 
loss and change in moisture in 2 years stored maize at Seed Sci-

ence and Technology Division, NARC, 2017.

Mean separation in columns followed by same letters are not 
significantly different at p=0.05 Note: NS= Non-significant, * = 

significant at 5% level of significance, ** = significant at 1% level 
of significance, ***=significant at 0.1% level of significance.
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Effect of different factors on weevil infested seed (%) and 
weight loss by weevil (%)

The effect of variety on weevil infestation and weight was found 
highly significant. Weevil infestation and weight loss was found 
maximum in QPM-1(17% and 2.06%)) and least in Manakamana-4 
(14% and1.63%) respectively. The result obtain above is similar 
with the findings observed by Paneru and Thapa [19], number of 
weevil emergence and weight loss was highest in QPM-1 in no cho-
ice test and least in Manakamana-4. The reason behind high weevil 
infestation and weight loss may be due to Opaque-2 (O-2) mutant 
gene in QPM-1 that changes protein composition and increases the 
content of lysine and tryptophan in the maize endosperm [20]. The 
endosperm of the O-2 gene corn endosperm was found to be light 
and soft [21]. The softness of the endosperm of the O-2 maize make 
very attractive to the stored grain pest [22,23] and make QPM mai-
ze susceptible. 

The effect of moisture on weevil infestation was found highly 
significant. In relation to moisture, highest weevil infestation and 
weight loss was found in maize seed stored at initial moisture con-
tent of 11% (19% and 2.26%) and least in seed with initial moistu-
re content of 9% (12% and1.43%) respectively. The highest weevil 
infestation at higher moisture may be due to insect activity favor by 
high grain moisture [24]. The lower weight loss at 9% seed mois-
ture content may be due to lower number of weevil infestation in 
which biological activity of insect pest reduced at low seed moistu-
re content [25].

The effect of storage on weevil infestation and weight loss was 
found highly significant. In response to storage structure, maxi-
mum weevil infestation and weight loss was found in maize seed 
stored in super grain bags (21% and 2.59%)) and least in PICs 
bags (9% and1.10%) respectively. The low weevil infestation in 
PICs bag is due to low permeability HDPE liners which have low 
permeability to outside air and thus maintain low oxygen level and 
increase the carbon dioxide level inside due to respiration of grain 
and stopping insect activity [26,27]. The greater increase of weight 
loss in super grain bags is due to high weevil infestation [28,29]. 
Though insect infestation is low in PICs bag at 9 percent moisture 
content, reduction in weight loss may be due to increase humidity 
and storage period [30]. The finding of this study is in concordance 
with 0.3% weight loss reported by Hell., et al. [31] over six month 
storage in PICs.

Interaction

Figure 1: A. Influence of moisture and storage on;  
B. Influence of moisture and storage on weight.

Weevil infestation loss by weevil.
Seed Science and Technology Division, NARC, 2017. 

Change in moisture content in PICs and super grain bags

The highest change in moisture content was found in Maize seed 
stored in super grain bag (1.54%) and least in PICs bag (0.19%). 
Similar supported works revealed in hermetic 500 gauge plastic 
bags, where 12% MC was just increased to 12.5% in 10 month sto-
rage in ambient room temperature in Srilanka [32].

Sample 
No. pH Temperature 

(°C)
ORP 
(mV)

EC  
(mS/cm)

Salt 
(ppm)

Sample-1 7.46 26.9 177 0.892 444
Sample-2 7.49 27.1 138 1.555 772
Sample-3 6.91 26.8 158 1.344 671
Sample-4 6.70 26.1 153 1.291 645

Table 2: Data of the Laboratory Analysis 
 of the Soil Samples of the Study Area.

Effect of different factors on viability, germination and seed-
ling length

No significant differences on viability were found in any factors. 
The effect of variety and initial seed moisture on germination and 
seedling length was found non-significant. 

The effect of storage structure on germination and seedling 
length was found highly significant. The highest germination and 
seedling length was found on seed stored in PICs bag (93% and 
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23 cm) and lowest germination and seedling length was found in 
maize seed stored in super grain bags (88% and 20cm) respective-
ly. The highest germination in PICS bags is due to maintenance of 
seed viability in PICs bag [33]. This experiment was in accordan-
ce with Williams., et al. [34] where germination of maize stored in 
PICs ranged between 70 and 95% across eight month study period.

Moisture and storage interaction on germination (%) and see-
dling length

Figure 2: A. Influence of moisture and storage on germination.  
B. Influence of moisture and storage on seedling length.

Seed Science and Technology Division, NARC, 2017. 

No significant difference on germination and seedling length 
was observed on PICs bag at either of moisture regime. But signifi-
cant difference was observed on super grain bag. This may be due 
to the highest weevil infestation in super grain bag that reduce the 
germination and seedling length.

The lower rate of germination in seed with original moisture 
level of 11% in super grain could be due to the growth of insects 
which had infested the grain [35-37].

Effect of different factors on electrical conductivity

The highest electrical conductivity was found in maize with ini-
tial seed moisture content 11% (62.16) and lowest in seed with 
initial moisture content of 9% (53.27). This result was found con-
current with the experiment conducted by Bhandari., et al. [38] 
where electrical conductivity was found lower at 9% moisture 
than at 11%. The reason behind lower electrical conductivity may 
be due to lower weevil infestation. Higher conductivity in the seed 
at 11% moisture may be due to higher weevil infestation which in 
turn rupture the seed wall of seed and hence favor leaching of so-
lutes [39,40]. Seed stored at either of moisture content can retain 
the viability up to 2 years of storage since Soybean seed lots with 
EC within the limits of 60 to 70 µS cm-1 g-1 are considered of high 

The highest electrical conductivity was found in Maize seed sto-
red in super grain bag (64.98) and least in PICs bag (50.45). The 
reason behind lower electrical conductivity may be due to lower 
weevil infestation. Higher conductivity in super grain bags may be 
due to higher weevil infestation due to its single liner bag which 
can be bored easily by the weevil and larger grain borer in the sto-
rage. Which in turn rupture the seed wall of seed and hence favor 
leaching of solutes [39]. Seed stored in either of storage structures 
retain seed vigor up to 2 years of storage since Soybean seed lots 
with EC within the limits of 60 to 70 µS cm-1 g-1 are considered of 
high vigor and between 70 to 80 µS cm-1 g-1 are considered of me-
dium vigor (Vieira, 1994).

Moisture *storage interaction

Figure 3: Influence of moisture and storage on electrical  
conductivity, Seed Science and Technology Division,  

NARC, 2017.

No significant difference on EC value was observed within PICs 
at either of moisture regime but found significant within super 
grain at two moisture regime. Higher conductivity value (74) was 
found in seed with initial moisture content of 11% stored in super 
grain bag. Seed stored in PICs bag was found highly vigor at either 
of moisture and lowest in PICs bag at 9% moisture (50). Seed sto-
red in either of the storage condition were found highly vigor but 
at 11% moisture content seed stored in PICs was highly vigor and 
seed stored in super bag was found medium vigor according to 
Vieira., et al. [41]. EC within the limits of 60 to 70 µS cm-1 g-1 are 
considered of high vigor and between 70 to 80 µS cm-1 g-1 are con-
sidered of medium vigor [41].

vigor and between 70 to 80 µS cm-1 g-1 are considered of medium 
vigor [41].
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Figure 4: Correlation of Electrical conductivity and  
germination in maize variety from various containers and 

MC in two year storage in Khumaltar, 2017.

The close relationship between the electrical conductivity and 
germination percentages was illustrated in figure 4. By plotting 
electrical conductivity and germination of 2 years stored maize 
seed sample, negative correlation was obtained. The result showed 
that, 61.5% germination value was found indirectly proportional to 
EC value. Similar trend was obtained in one year stored QPM maize 
seed (r= -0.697) [38]; in soybean with r= -0.67 [42]; in cauliflower 
and cabbage r= -0.96 and -0.96 [43] have been documented. EC va-
lue was strongly related to germination and was found significant.

The process of ageing is said to be started by the loss of cell 
membrane integrity and increased leakage [44]. The attack of in-
sects on grains also leads to an increase in electrical conductivity 
by rupturing the outer wall and perforating the grain tegument 
[39]. These factors cause damage to cell membranes, resulting in 
greater electrolytic leaching of solutes and, consequently, higher 
electrical conductivity [40]. The conductivity value was found sig-
nificantly related with germination and was clearly higher for sam-
ples with lower germination [45-49].

Discussion and Conclusion
The study found that PICs bag reduces the weevil infestation 

and maintain the physiological quality of maize seed better than 
the Super grain bag. Hence, maintaining low moisture content and 
using PICs bag as a storage structure significantly contributes in 
maintaining the vigor of seeds in sub-tropical environmental con-
dition. Similarly, Manakamana-4 shows greater resistance to wee-
vil infestation than QPM-1(maize variety). PICs bag as a storage 
structure for seeds, not only protect seeds from quality deteriora-

tion but also helps in conserving seeds for two years that eventu-
ally reduces the demand and procurement of seeds in successive 
season. Moreover, maize seed can be stored at as low as 9% moistu-
re content that greatly reduces the weevil infestation and maintain 
the seed quality for two years long storage period.
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