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Abstract 
 

The adoption of poor storage techniques usually results in tremendous post-harvest losses and leads to the 

shortage of grains to feed the overwhelming population. The straw-clay bin was developed as one of the viable 

solutions to obtain a high quality stored wheat and higher income to the farmer by storing wheat at harvest and 

sell it in the off-season at higher rates. Straw-clay bin was evaluated by storing wheat for one year and showed 

promising results. Fungal damage and grain weight loss were limited to 9% and 1.27%, respectively. 

Germination capacity, protein, fat, starch and ash of wheat grains decreased from 94 to 74%, 12.46 to 11.78%, 

3.03 to 2.4%, 65.55 to 64.87%, and 2.04 to 1.76%, respectively. The study has revealed that straw-clay bin 

provide a safe and convenient method for farmers to preserve their agricultural commodities. Hence, the 

adoption of straw-clay bin must be encouraged in the developing countries. 
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Introduction 

Wheat (Triticum aestivum) is one of the imperative 

cereals around the world. It is the least expensive and 

central source of energy and protein for the people of 

Pakistan (Bostan and Naeem, 2002). In Pakistan, the 

area and production of wheat were 8693 thousand 

hectares and 24.2 million tons, respectively for the 

year 2013.  It helps 10.1 percent to the quality 

included agribusiness and 2.2 percent to GDP (GOP, 

2013). Production of wheat is seasonal and its 

consumption is almost uniform throughout the year. 

Most of the wheat is retained by the farmers for their 

own consumption and for seed (Ahmad and Ahmad, 

2002). Therefore, the excessive quantity of wheat has 

to be preserved in order to consume in its off-season. 

 

In numerous parts of the world, grain quality 

protection is a serious issue during storage (Gras et 

al., 2000). A decrease in the quantity of fat, 

carbohydrate, vitamins and protein in grain during 

storage can happen as a consequence of infestations 

by insect, mould and rodents where insufficient grain 

storage methods apply (Lamboni and Hell, 2009). 

Seed quality is very essential to farmers as it 

measures the potential performance of the seed in 

optimal conditions. As good quality seed is free from 

different diseases and has better seed health, it is 

expected to produce healthy seedlings with no initial 

disease inoculums (Nguyen, 2001).  

 

However, main cause of contamination and 

deterioration of grain quality is improper storage 

conditions i.e. climatic conditions including increased 

dampness, temperature and moisture inside the 

structure (Williams, 2004). Storage structure is 

regarded as most important factor in handling and 

storage of grains as farmers require some facilities to 

store their produce. The important function of any 

storage structure is to offer high protection from 

insect, pests, rodents, birds etc., and it must be able to 

provide hermetic conditions to the stored products as 

well as easier to fill and empathize it. Most of the 

losses in grains occur in storage because poor farmers 

could not afford high construction costs and use 

cheap, inadequate structures to store their grains 

(Obetta and Daniel, 2007). This necessitates 

improvement of the storage technologies.  

 

Factors that usually affect the farmers’ choice of the 

storage methods include the cost of building the 

storage method, availability of the materials, 

expertise for building the storage facility, climatic 

conditions of the area and the types of pest problems 

in the area (FAO, 1985). In West Africa, farmers store 

their crops in homes, on the field, in the open, jute or 

polypropylene bags, conical structures, raised 

platforms, clay structures and baskets (Addo et al., 

2002). In East and Southern Africa, farmers store 

crops in small bags, in wood and wire cribs, pits, 

metal bins, wooden open-air or roofed cribs, and in 

raised platforms and roofed iron drums enclosed with 

mud (Kankolongo et al., 2009). In general, the 

materials from which these storage structures are 

made, make it easy for rodents to make holes through 

them as well as absorb moisture from the 

environment leading to the development of insect 

pests and moulds in the storage facilities thereby 

reducing wheat quality.  

 

In Pakistan the procurement and storage of wheat is 

dealt by public and private agencies to meet food 

requirement of people round the year. Deterioration 

of grain quality may begin in fields before harvesting, 

which further aggravates during improper storage 

(Kent and Evers, 1993). Proper storage condition can 

bring about considerable improvement in national 

economy by controlling the losses that are about 10% 

of the stored food grains (GOP, 2008). This shows 

that storage technologies play a major role in 

determining the quality of grain. Thus, ensuring 

maximum efficiency of the storage technologies is 

crucial to the safety of stored grain and health of the 

consumers. 

 

Thus, the objective of the current research is to 

establish the most efficient, economically feasible, low 
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labour intensive and safe (without chemicals/ 

fertilizers) storage structure that would benefit 

farmers by reducing losses due to damage caused by 

pests and reduction in quality associated with long 

term storage.  

 

Materials and methods 

The study was conducted at research centre of Sindh 

Agriculture University, Tandojam, Pakistan to 

develop straw-clay bin and to investigate the effect of 

straw-clay bin on quality of wheat grain during 

storage from 1st July 2013 to 1st July 2014.  

 

Capacity and construction of straw-clay bin 

According to a survey carried out in the major wheat 

growing regions of Sindh, Pakistan, it was found that 

the average land area under wheat crop possessed by 

the farmer is 5 acres and the average crop yield in 

wheat cultivation is 1200 to 1300 kg per acre. In a 

season a farmer gets 6500 kg of wheat under a 

favourable weather conditions. Usually 4000 kg of 

the harvested wheat is available for sale and the rest 

is stored for home consumption and for seed purpose. 

Therefore, straw-clay bin of 2500 kg grain holding 

capacity was constructed in order to enable the 

farmers to keep their grains for some time with a 

minimum loss of quality and quantity (Fig. 2). 

 

The foundation of the bin was constructed using 

burnt clay bricks to a height of 50 cm beyond the level 

of ground to provide protection from moisture or rain 

water. Floor of the structure was constructed from a 

stratum of bitumen and polythene sheet between two 

stratums of cement concrete placed over a well 

compacted base layer to prevent damp rising from the 

soil. In order to fabricate wall, it is needed to do one 

by one horizontal layers of straw and clay bundles. 

Three PVC pipes were inserted across the wall of bin 

at top, middle and bottom position in order to 

monitor the stored grain. A wooden grain inlet was 

provided at the top of wall and a wooden grain outlet 

was provided at the bottom of wall. A conical roof was 

constructed with bamboo and over hanged from the 

wall to protect the wall from rain. The roof was then 

covered with straw-clay bundles. 

 

Grain sampling 

Grain testing was done from top, base and centre of 

straw-clay bin at two months interval for one year 

storage. The samples of grain were completely 

blended keeping in mind the end goal to obtain a 

composite sample. The examination of the samples 

was completed at the research facility of Pakistan 

Council of Scientific and Industrial Research (PCSIR), 

Hyderabad for the quality evaluation attributes of 

grain.  

 

Measurement of grain quality characteristics 

The moisture of grain samples was calculated 

according to the system of AACC (2000) method No. 

44-15A. Seed germination was resolved as per 

techniques of ISTA (1996). One hundred wheat seeds 

were arbitrarily gathered from sample and reserved in 

petri dishes lined with filter paper and dampened 

with 4 ml of refined water in 3 duplicates. The petri 

dishes were then placed in an incubator at 25 °C for 5-

7 days. The examination for fungi in the grain 

samples was carried out using seed plating technique. 

The rate of grain contaminated was dictated by 

shaking around 100 grains for 1 min in 2% sodium 

hypochlorite (NaOCl) arrangement, flushing twice 

with sterile refined water, and plating on malt agar 

(MSAT) containing 6% sodium chloride in addition to 

Tergitol (Stroshine et al., 1984). After brooding at 25-

27 °C for 5-7 days, the fungi becoming in every grain 

were distinguished and the rate of fungi 

contamination was noted. The grain weight reduction 

was ascertained utilizing the count and weigh 

method. Insect damaged grains were differentiated 

from grain sample of 50 g. Number and weight of 

insect damaged grains and undamaged grains were 

recorded and weight reduction because of insect 

attack was noted by the following formula (Harris and 

Blad, 1978).   
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Where,  

Mu = weight of undamaged grains  

Md = weight of damaged grains 

Nu = number of undamaged grains 

Nd = number of damaged grains 

 

Gluco-amylase technique was utilized in order to 

establish starch content (Buriro et al., 2012). The ash 

in each one grain specimen was resolved as a whole 

inorganic material according to AACC (2000) method 

No. 08-01. Oven dried 5 g sample was ignited at 550-

600 ºC till greyish ash produced. The fat content in 

grain specimen assessed by running dried specimens 

through Soxhlet mechanical assembly utilizing 

petroleum ether as a solvent for 2-3 hours by AACC 

(2000) method No.30-10. The amount of nitrogen in 

grain specimens was evaluated by utilizing Kjeldahl's 

strategy as indicated by the methodology depicted in 

AACC (2000) system No. 46-10. The percentage of 

protein was computed by multiplying a factor of 5.7 

with the amount of nitrogen. 

 

Data analysis 

The analysis of data for the specimens was performed 

in triplicate and standard deviations (SD) were 

computed according to the method of Steel & Torrie 

(1980). Means comparison was ascertained by least 

significant difference (LSD) at 5% probability level. 

 

Results and discussion 

The mean ambient temperature and relative humidity 

of the experimental area remained around 33.6 °C 

and 69%, respectively during whole storage time (Fig. 

1). The maximum average temperature of 40.31°C 

was recorded in the month of May while the 

minimum of 23.62 °C was noted in January.  The 

relative humidity was high (76%) in July while the 

least of 62% occurred in the month of January (Fig. 

1). This temperature and humidity conditions were 

suitable for insect and fungal growth. High 

temperature and humidity conditions of the 

environment affect the temperature and moisture of 

the grain during storage (Metananda, 2001). The 

growth of insect and microorganisms was observed 

higher at high temperature and moisture content of 

grain during storage (Ilelejia et al., 2007). Fluctuation 

in temperature and humidity conditions greatly affect 

the quality of stored grain such as loss of nutritional 

value, loss of grain weight, loss of seed germination 

capacity etc (Shah et al., 2002; South et al., 1991).  

 

The moisture of grain showed a declining pattern i.e. 

from 14.68 to 12.10% at 6 months storage duration and 

then gradually increased up to 12.67% until 12 months 

(Table 1). The rise in grain moisture content might be 

because of respiration of fungi and insects during 

storage. Moisture is the product of respiration process 

which increases the moisture content of the stored 

grain. Previous studies have also found an increase in 

grain moisture content during storage mainly due to 

the activities of insect and fungi (Jood et al., 1996; 

Sinha, 1984; Stephen and Olajuyigbe, 2006).  

 

Table 1. Moisture, fungi, weight loss and germination of wheat grains during storage in straw-clay bin.  

Storage period 
Characteristics 

Moisture (%) Fungi (%) Weight loss (%) Germination (%) 
Initial 14.68 ±0.03 a 2 ±1 d 0 ±0 g 94 ±1 a 

2 months 14.35 ±0.01 b 2 ±0 d 0.16 ±0.01 f 94 ±0 a 

4 months 13.50 ±0.01 c 4 ±1 c 0.35 ±0.01 e 90 ±0 b 
6 months 12.10 ±0.02 d 5 ±1 c 0.46 ±0.02 d 86 ±1 c 

8 months 12.28 ±0.03 e 7 ±0 b 0.62 ±0.01 c 82 ±0 d 
10 months 12.51 ±0.01 f 7 ±1 b 0.88 ±0.03 b 79 ±1 e 

12 months 12.67 ±0.03 g 9 ±1 a 1.27 ±0.01 a 75 ±1 f 
LSD (0.05) 0.0132 1.3448 0.0132 1.3238 
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Mean values ± standard deviation of three replicates followed by different letters within each column are 

significantly different at 5% probability level. 

 

The increase in moisture of grain could also be 

because of change in humidity and temperature of the 

study area during storage period. Various studies 

have reported a rise in moisture content of the stored 

grain due to the presence of high humidity and 

temperature of the surrounding (Ogendo et al., 2004; 

Hossain et al., 2011). The current study results are 

also in agreement with findings of GC (2006) they 

reported that maize grains stored in metal bins had 

lower moisture percentage as compared with jute 

bags because the jute bags were permeable and allow 

the surrounding moisture to come in contact with 

stored grain. 

 

 

Fig. 1. Ambient temperature and relative humidity 

changes of study site during storage. 

 

 

Fig. 2. Three dimensional view of the straw-clay bin. 

 

Fungal attack under the effect of storage periods 

indicated significant differences. Storage period 

increased fungal infestation throughout the 

experiment. The highest increase in fungal infestation 

from the initial value of 2 to 9% was noted in grains 

stored from initial to 12 month, respectively (Table 1). 

This increase of fungi percentage can be attributed to 

the presence of higher grain moisture and 

temperature.  Paraginski et al. (2014) and 

Aktaruzzaman et al. (2010) have noted a significantly 

increase of fungi in stored grain because of high 

moisture and temperature of grain resulting from 

inadequate storage systems. Whereas, Malaker et al. 

(2008) have found fungal incidence continuously 

expanded in all stores (bamboo dole, earthen pitcher, 

tin holder and polyethylene sack) at 25-30 °C with the 

exception of refrigerator at 10 °C.  

 

Wheat grain stored for different periods displayed 

significant differences for grain weight loss. An 

increasing pattern in grain weight loss was noted 

during whole storage period. Weight loss in grain had 

minimum value of 0.16% at 2 months of storage, 

whereas maximum weight loss (1.27%) of grain was 

detected at 12 months storage period (Table 1). The 

loss of grain weight could be because of higher insect 

infestation. There was a positive correlation between 

weight loss of grain and insect infestation level as 

observed by earlier works of Khattak et al. (2000) and 

Sayed et al. (2006). Likewise, Eticha and Tadesse 

(1999) conducted studies in Ethiopia on the stored 

sorghum in traditional structures and found about 

38.7% sorghum grain damage and 15% grains weight 

loss.  

 

Germination percentage as influenced by storage 

periods displayed significant differences. 

Germination decreased continuously with respect to 

the increase of storage duration. The maximum value 

of seed germination percentage was recorded 94% at 

initial level of storage which decreased up to 75% 
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when stored for 12 month (Table 1). The reduction of 

germination percentage of wheat seed can be 

attributed to high moisture and temperature of the 

stored grain. Weinberg et al., 2008 and Rani et al., 

2013 have found a negative correlation between seed 

germination percentage and high temperature and 

moisture of the grain during storage. The loss of seed 

germination percentage might also be because 

presence of insect and fungi during storage. Different 

studies have found a highly negative correlation 

between seed germination and attack of insects and 

fungi (White and Jayas, 1991; Lemessa et al., 2000). 

 

Wheat grain stored for different periods indicated 

significant differences for ash content. Storage period 

reduced ash content throughout the storage time. 

Grain samples had the highest ash content of 2.04% 

at the start of the experiment, which attained 

maximum decrease to 1.76% at 12 months of storage 

(Table 2). The loss of grain ash content can be due to 

insect and microbial infestation during storage. The 

studies of Rehman et al. (2011) clarified a diminishing 

in the ash content of wheat grain during storage 

because of development of fungi as contrasted with 

the newly harvested grain. Saleemullah et al. (2006) 

have observed a significantly decline in ash 

percentage both in cereals and nuts because of fungal 

attack. Whereas, Bamaiyi et al. (2006) observed the 

ash content of cowpea grain in the control after 3 

months storage was higher than the insect infested 

grains and it decreased with storage period.  

 

 

Table 2. Protein, fat, starch and ash content of wheat grains during storage in straw-clay bin.  

Storage period 
Characteristics 

Protein (%) Fat (%) Starch (%) Ash (%) 
Initial 12.46 ±0.01 a 3.03 ±0.01 a 65.55 ±0.02 a 2.04 ±0.01 a 

2 months 12.42 ±0.03 b 2.99 ±0.01 b 65.50 ±0.01 b 1.99 ±0.01 b 
4 months 12.37 ±0.01 c 2.94 ±0.02 c 65.46 ±0.02 c 1.95 ±0.02 c 

6 months 12.30 ±0.01 d 2.89 ±0.01 d 65.40 ±0.02 d 1.93 ±0.01 d 
8 months 12.23 ±0.02 e 2.80 ±0.01 e 65.27 ±0.03 e 1.87 ±0.01 e 

10 months 12.02 ±0.01 f 2.57 ±0.03 f 65.10 ±0.01 f 1.65 ±0.03 f 
12 months 11.78 ±0.03 g 2.40 ±0.01 g 64.87 ±0.02 g 1.76 ±0.01 g 
LSD (0.05) 0.0132 0.0115 0.0132 0.0132 

Mean values ± standard deviation of three replicates followed by different letters within each column are 

significantly different at 5% probability level. 

 

It was declared from the results that fat content was 

3.03% at loading which gradually decreased with time 

and reached to the level of 2.4% at 12 months of 

storage (Table 2).  This decrease of grain fat content 

may be because of the insect and fungal attack in 

grains during storage. The findings of the current 

research are in line with Samuels and Modgil (1999) 

who observed a decline in fat content of wheat during 

storage in jute packs, polythene sacks and metal 

receptacles because of insects. The loss was most 

extreme in wheat, during storage in jute sack and 

least in metal bin. Likewise, Reed et al. (2007) have 

noted a reduction in fat percentage of maize grain 

during storage at temperature of 25 °C and relative 

humidity of 85% for 2 months due to deterioration by 

mould or fungi. The fungi are known to use both fat 

and sugar for vitality. The loss of grain fat content 

could also be attributed to the high temperature and 

moisture content of the stored grain. A decrease in fat 

content of wheat grains with higher moisture was 

noted during storage in polypropylene bags for 60 

days (Nasir et al., 2003). Similarly, Sur et al. (1993) 

observed a decrease in fat content of wheat samples 

during storage for 135 days at temperature of 34.8 °C 

and relative humidity of 66.7%. 

 

Protein content under the effect of storage periods 

revealed significant differences. The grain samples 

had protein content of 12.46% at the beginning of 

storage which decreased in all structures during 

whole storage duration up to the level of 11.78% 

(Table 2). The loss of grain protein content could be 
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due to the higher temperature and moisture of stored 

grain. Grain moisture and storage conditions may 

cause changes in protein content (Huyghebaert & 

Schoner, 1999). The earlier study of Nasir et al. 

(2003) showed a decrease in protein content of wheat 

grains with higher moisture during storage in 

polypropylene bags for 60 days. Stephen and 

Olajuyigbe (2006) observed a decrease in protein 

content during storage in food grains because of 

fungal activity at a temperature ranged between 25 to 

30 °C. Arian et al. (2004) also recorded a decline in 

percentage of protein of wheat infested with insects 

throughout storage. Likewise, Jood and Kapoor 

(1993) have noted a significant reduction in true 

protein contents of wheat, maize and sorghum grains 

at 75% of insect infestation level.  

 

Starch content of grain significantly decreased with 

respect to the storage duration. The decrease in seed 

starch content was ranging between 65.55 to 64.87% 

from initial to 12 month, respectively (Table 2). The 

deterioration of starch content can be because of the 

increased insect and fungal growth in the stored 

grain. It has been reported that insect invasion levels 

of 75% in wheat, maize, and sorghum grains resulted 

significant reduction in starch percentage (Jood et al., 

1993). As according to Hameed et al. (1984) who 

found a significant decline in starch percentage of 

wheat grains because of presence of insects. It has 

been reported that fungal attack badly affects the 

quality of stored wheat and decreases its 

carbohydrates or starch content (Barabara et al., 

2004). The decrease in starch content of the stored 

wheat may also be due to higher temperature and 

moisture conditions. The findings of Strelec et al. 

(2010) showed a significant decrease in starch 

content of wheat stored at elevated temperatures (40 

and 25 °C) and relative humidity of 45% during one 

year of storage. However highest decrease in starch 

content was observed for wheat grain kept at higher 

temperature. The reduced starch was consistent with 

other report of Simic et al. (2007) where starch was 

reduced when exposed to high temperatures (25 °C) 

for 6 months of storage. 

 

Conclusion 

The experimental study for the construction and 

evaluation of straw-clay grain storage bin proved that 

the wheat at farmer level can be stored safely with 

least deterioration until it is disposed at a higher price 

by farmers. This may help in income generation and 

poverty alleviation. Since construction of the straw-

clay bin does not require high expertise, trainings and 

modern technologies, the ordinary person with little 

technical knowledge in the rural villages can easily 

build up this bin.  
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