


Effects of Different Storage Materials in Maize (Zea mays L.) Seed Quality at Hawassa Agricultural Research Center, Sidama Regional State of Ethiopia


Abstract
Maintaining maize seed quality during storage is essential because insect infestation and unfavourable storage conditions can reduce germination and increase physical losses. The study was conducted at the Hawassa Agricultural Research Center warehouse and Seed Technology Laboratory during 2021/22 to evaluate the effects of different storage materials on maize seed quality. Seeds of the BH 546 maize variety were stored in three types of packaging material: polypropylene bags, jute sacks, and hermetic Purdue Improved Crop Storage (PICS) bags. Seed samples were collected at monthly intervals from April 2021 to February 2022. The experiment was arranged in a complete block design (CBD) with four replications and involved combinations of three storage materials and six storage periods (1-6 months). Seed quality parameters were evaluated following the standard procedures of the International Seed Testing Association (ISTA). The collected data were statistically analysed using the generalised linear model (GLM) procedure in SAS. The analysis of variance showed that storage material had a significant (P ≤ 0.05) effect on maize seed germination and weevil infestation. After six months of storage, seeds kept in PICS bags exhibited the lowest weevil infestation (0.31%) and storage temperature (19 °C), together with the highest germination percentage (90%). By contrast, seeds stored in polypropylene bags showed comparatively poorer quality, characterised by greater weevil infestation and lower germination. The findings demonstrated that hermetic storage, particularly the PICS bag, effectively maintained maize seed quality during prolonged storage by limiting insect infestation and mould development. Therefore, hermetic storage technology can be recommended as an effective method for preserving maize seed quality during storage.
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Introduction
Maize (Zea mays L.) is one of the most widely cultivated and economically important cereal crops globally, with particular significance in Eastern and Southern Africa. The crop has numerous uses, including human consumption, the preparation of alcoholic and non-alcoholic beverages, and the production of fuel and construction materials. It also serves as a raw material for some medicinal products, such as glucose, and is grown for ornamental purposes (Shengu, 2017).
Maize is particularly important in tropical and subtropical regions, where it serves as a major staple crop and contributes substantially to household and national food security. Its production is influenced by various environmental and socioeconomic factors, including rainfall, temperature, soil properties, irrigation facilities, prevailing climatic conditions, and market demand. Where suitable conditions exist, maize can be produced more than once within a year.
The introduction of maize into Ethiopia is generally believed to have occurred during the seventeenth or eighteenth century. Since then, the crop has become an important component of the Ethiopian cereal-production system and is cultivated across a broad range of agro-ecological environments, from approximately 500 to 2,400 metres above sea level (Beyene & Ayalew, 2015). In the 2020 cropping season, maize occupied approximately 2,110,209.61 hectares of land in Ethiopia and produced an estimated 72,349,551.02 quintals (Central Statistical Agency [CSA], 2020). In addition, the United States Agency for International Development (U.S. Agency for International Development, 2019) reported that Ethiopia produced approximately 7.3 million metric tonnes of maize from 2.32 million hectares in 2019.
Although maize is widely produced and plays an important role in Ethiopia's food system, its productivity remains below the global average. The average maize yield in Ethiopia was approximately 2.9 tonnes ha⁻¹ in 2020 (CSA, 2020), compared with a global average of approximately 6.1 tonnes ha⁻¹ (Food and Agriculture Organization of the United Nations, 2015). The relatively low productivity of maize is caused by several production constraints, including unfavourable environmental conditions, agronomic limitations, diseases, and insect pests. Among these constraints, insect pests are particularly important because they can cause substantial damage both before and after harvest.
Postharvest insect infestation is a major factor contributing to the deterioration and loss of stored maize. Tefera et al. (2011) indicated that insect pests are responsible for considerable maize-grain damage and postharvest losses. In Africa, postharvest insect pests contribute substantially to maize losses and may cause considerable reductions in grain weight during storage (Koskei et al., 2020). Such losses not only reduce the quantity of available grain but can also adversely affect its nutritional, physiological, and market quality. Appropriate storage technologies are therefore necessary to minimise losses and maintain maize seed quality. Studies of stored maize also identify Sitophilus zeamais as a key storage pest and support protective approaches that reduce seed damage during storage (Ileke & Afolabi, 2022).
Seed quality is also closely associated with both the length of the storage period and the packaging material used. As storage duration increases, maize seeds gradually undergo physiological deterioration, which can reduce germination percentage, seed vigour, and overall viability. The rate of deterioration is strongly affected by storage conditions, particularly moisture and oxygen availability. Packaging materials capable of limiting the movement of moisture and oxygen can therefore slow seed deterioration and extend the period during which seeds remain suitable for planting. Recent research in Ethiopia and other humid environments further indicates that packaging type and storage duration influence maize seed viability, with hermetic bags generally preserving germination more effectively than porous polypropylene bags (Hussen & Kalsa, 2026; Khalid et al., 2024).
Hermetic storage technology provides an alternative approach for maintaining the quality of stored agricultural commodities. Hermetic bags are produced from multilayer polymer materials with high barrier properties that create an airtight storage environment. By limiting the exchange of oxygen and moisture, these bags can suppress insect development and help protect stored grains and seeds without relying on chemical pesticides. Consequently, hermetic storage may provide an effective and environmentally friendly option for maintaining maize seed quality during storage. Related evidence shows that hermetic bags can maintain maize seed quality during routine storage and short-term, high-moisture handling when appropriate storage conditions are maintained (Shitiri & Mezhatsu, 2026; Yewle et al., 2024).
However, comparative evidence on the performance of polypropylene bags, jute sacks, and PICS bags for maintaining maize seed physiological and physical quality across successive storage periods under Hawassa conditions remains limited. Therefore, this study was conducted to assess the effects of different storage materials and storage periods on the physiological and physical quality of maize (Zea mays L.) seed and to identify suitable storage materials for maintaining seed quality during storage.


Materials and Methods
Description of the study area 
The study was conducted at the seed-storage warehouse and seed laboratory of the Hawassa Agricultural Research Center (HARC), located in the North Zone of Sidama Regional State, Ethiopia. The research centre is situated at an elevation of approximately 1,700 metres above sea level (m.a.s.l.) within the Rift Valley agro-ecological zone. Geographically, it is located between 7°03′ and 7°04′ N latitude and 38°30′ and 38°31′ E longitude, approximately 273 km south of Addis Ababa.
Experimental Design
The experiment was conducted using a factorial arrangement involving two factors: storage material and storage duration. The treatments were arranged in a completely randomised design (CRD) with three replications. The storage-material factor consisted of three types of packaging: a polypropylene bag (PPB), which was used as the control; a Purdue Improved Crop Storage (PICS) bag; and a jute sack. Storage duration was evaluated at monthly intervals, beginning at the start of the experiment (month 0) and continuing through the subsequent storage periods. Seed samples were collected at one-month intervals to assess changes in seed quality throughout storage.
Experimental Materials
The experimental material consisted of BH-546 maize seed harvested in November 2019. The seed was obtained from the maize research programme of the Wondo Genet Agricultural Research Center, Hawassa Maize Research Sub-Center. Before storage, the seed was thoroughly cleaned to remove foreign material and impurities. The cleaned seed was then packaged in three different storage materials: Purdue Improved Crop Storage (PICS) bags, polypropylene (PP) bags, and jute sacks. The packaged seeds were stored under ambient environmental conditions for the duration of the experiment.
Sampling Method
A total of 90 BH-546 maize seed samples were collected periodically throughout the experiment. Sampling was conducted at the beginning of storage (month 0) and subsequently at one-month intervals for up to six months (months 0, 1, 2, 3, 4, 5, and 6). Samples were obtained from different positions within each storage material, namely the top, middle, and bottom portions of the stored seed mass, to ensure representative sampling. The samples collected at the beginning of the experiment were considered the initial or control samples. A grain-sampling spear was inserted vertically into the seed mass to the maximum possible depth at the designated sampling positions, and the required samples were carefully withdrawn for laboratory analysis.
Data Collection
Seed samples were initially collected from each storage material at the beginning of the experiment and thereafter at monthly intervals. Sampling was performed from the top, middle, and bottom sections of each storage material using a grain-sampling spear. The collected samples were analysed for moisture content, germination percentage, seed purity, 1,000-seed weight, and weevil infestation or associated weight loss.
Moisture content: Seed moisture content was determined using a digital moisture tester.
The measurements were taken from samples collected at the respective storage intervals.
Seed purity: Physical purity analysis was conducted following the procedures recommended by the International Seed Testing Association (ISTA). The analysis determined the proportions of pure seed, inert matter, and other seeds in each sample.
Temperature and relative humidity: Temperature and relative humidity were monitored in both the internal storage environment and the surrounding external environment. Measurements were taken at the beginning and end of the experiment using a portable Quick Enquiry 4 digital thermo-hygrometer (Hanna HI8564; Hanna Instruments, n.d.).
Seed damage: Seed damage data were obtained using the conventional "count and weight" method. One thousand seeds were randomly selected from each storage type from the initial to the final storage period. Damaged and undamaged seeds were identified with a hand lens by examining the seeds for holes. The percentage of damaged seed was calculated using the method of Wambugu et al. (2009), as follows:
       
Seed weight loss: The percentage seed-weight loss was determined by counting and then weighing damaged and undamaged seeds according to the count-and-weigh method (Ngatia & Kimondo, 2011). A 30-g sieved maize sample was taken, and the damaged and undamaged seeds were separated and weighed. The percentage weight loss was calculated using the following equation, as described by Demissie et al. (2008).

Where: WUN= Weight (gram) of undamaged kernels,
               WDN= Weight (gram) of damaged kernels, WU
                ND= number of Damaged 
                 NU= Number of undamaged
Germination Percentage 
The study used the sand germination method, in which seeds were tested for germination using clean, moist sand. Seed germination percentage is the proportion of a specific sample that successfully sprouts and grows into healthy seedlings under favourable conditions. Seed germination was judged by the appearance of the radicle, which was counted daily for up to seven days. At the final count, the numbers of normal and abnormal seedlings produced were assessed. The germination test was conducted following the standard procedures of ISTA (2006), as follows:

Data Analysis
All collected data were analysed using the generalised linear model (GLM) procedure of the Statistical Analysis System (SAS Institute Inc., 2014). Pairwise comparisons of means were performed using the least significant difference (LSD) method to determine significant differences among the means. The results were expressed as the mean ± standard deviation, and P < 0.05 was considered statistically significant for all tests.

Results and Discussion
The initial temperature and relative humidity when the storage materials were loaded were 19 °C and 83%, respectively. At the end of six months, the temperature was 27 °C and the relative humidity was 49%. Relative humidity ranged from 48% to 83%, whereas temperature ranged from 19 °C to 27 °C. The minimum relative humidity was recorded in May 2022 and the maximum in April 2022. The minimum temperature was observed in April 2022 and the maximum in May 2022.
Table1. Influence of storage material and storage period on germination (%) of maize seed during storage at seed quality control center.
	
Treatment
	Seed germination (%)

	
	1st month 
	2nd month 
	3rd month 
	4th month 
	5th month 
	6th month 

	Polypropylene bag
	94.7±0.5ab
	90.7±4.1ab
	90.7±1.9ab
	76±7.1d
	56±10.4e
	36±13.9f

	PICS bag 
	97.5±1.3a
	94.7±1.7ab
	92.2±0.9a
	91.2±2.1ab
	91.2±2.9ab
	89.7±4.3abc

	Jute sacks
	95±0.82ab
	90±3.7cb
	87.5±2.2ab
	82±3.2cd
	59.75±6.4e
	38±9.4f

	LSD(=0.05)
	7.98
	
	
	
	
	

	CV, %
	6.96
	
	
	
	
	


Note: Mean values ± standard deviation of three replicates within each column sharing similar letters were not significantly different by LSD test at P≤0.05, CV: Coefficient of variation, LSD: least significant different.  
  
Effect of storage material with storage period on germination percentage
The germination ability of stored maize was significantly affected by the interaction between storage material and storage period. Significant differences (P < 0.05) occurred among the storage materials during the storage periods. Furthermore, highly significant differences (P ≤ 0.01) occurred among the storage periods. The highest germination percentage, 98.0%, was recorded at the initial month of storage. At four, five, and six months of storage, germination percentages were 83%, 69%, and 54%, respectively. The highest germination percentage, 97.5%, was recorded in the hermetic bag, followed by 95% in the sack and 94.7% in the polyethylene bag. This finding agrees with Dubale et al. (2012), who also reported the highest germination percentage of 98.0% during the initial storage period.
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Figure 1: Seedling growth status of different storage material at Hawassa Agricultural Research Center seed laboratory.
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Figure 2: Effect of storage material with storage period on germination percentage

As shown in Figure 2, seeds stored in PICS bags exhibited the highest germination throughout the storage periods among the treatments used in this experiment, whereas the other treatments showed lower germination percentages. This difference resulted from insect-pest infestation, which reduces seed germination ability and is inversely related to the total insect population. Non-hermetic storage exposes stored seed to a dynamic atmosphere, resulting in high insect infestation and low seed germination. By contrast, the hermetic storage bag restricts interaction between the grain and external biotic and abiotic factors, thereby maintaining a low insect population and preserving seed germination ability (Mvumi & Chigoverah, 2018).

Effect of storage material with storage period on weevil infestation
Storage materials used for maize substantially influence grain quality, insect infestation, and moisture retention. Hermetic bags prevent pest damage and maintain seed viability for several months. By contrast, traditional polypropylene bags and jute sacks can lead to weight loss, fungal growth, and mycotoxin contamination.

Table2. Influence of storage material and storage period on weevil infestation (%) of maize seed during storage at seed quality control center.
	
Treatment
	Seed weevil infestation (%)

	
	1st month 
	2nd month 
	3rd month 
	4th month 
	5th month 
	6th month 

	Polypropylene bag
	1.56±
	3.56±de
	7.11±dce
	11.37±c
	38.19±b
	65±a

	PICS bag 
	0.31±e
	0.900±e
	0.925±e
	1.97±e
	2.06±e
	2.15±de

	Jute sacks
	1.67±
	3.66±de
	5.25±dce
	9.17±dc
	33.84±b
	58.25±a

	LSD(=0.05)
	7.03
	
	
	
	
	

	CV, %
	36
	
	
	
	
	


Note: Mean values ± standard deviation of three replicates within each column sharing similar letters were not significantly different by LSD test at P≤0.05, CV: Coefficient of variation, LSD: least significant different.  

 Effect of storage material with storage period on seed damage and weight loss
Slight seed damage was recorded during the first two months of storage. Seed damage then increased to 4.34%, 8.5%, 29.37%, and 41.8% in the third, fourth, fifth, and sixth months, respectively. From the third to the sixth month of storage, damage caused by weevil infestation was 7.11%, 11.37%, 38.19%, and 65% in polyethylene bags; 5.25%, 9.17%, 33.84%, and 58.25% in jute sacks; and 0.92%, 1.97%, 2.06%, and 2.15% in hermetic bags, respectively. Significantly different (P < 0.05) levels of weevil damage occurred in polyethylene bags (65%), sacks (58.25%), and hermetic bags (2.15%). Similarly, Dubale et al. (2012) reported kernel damage of 11.50% and 10.75% in Gombisa (gotera) and sack storage, respectively, after two months. Sori and Ayana (2012) also reported mean grain damage and weight losses of 64.50% and 58.85%, respectively, under traditional storage practices.
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Figure 2: Effect of storage material with storage period on weevil infestation 
As shown in Figure 2, the percentage of damaged grains was zero initially and increased significantly after six months to 2.15% in PICS bags, 58.25% in jute sacks, and 65% in polyethylene bags. Insect-pest infestation differed significantly (P < 0.05) among storage periods. Therefore, as the storage period increased, the marginal mean of weevil infestation also increased in both jute sacks and polyethylene bags. At all storage periods, hermetic storage was more effective than polypropylene bags in reducing postharvest maize-grain losses, particularly those caused by insect-pest infestation (Fufa et al., 2019).

Summary and Conclusion
There was a significant interaction between storage material and storage period (P ≤ 0.01) for seed germination percentage. Seed stored in hermetic bags showed the highest germination percentage after six months of storage (90%), compared with 38% for jute sacks and 36% for polyethylene bags. Maize seed stored for fewer than four to six months showed better germination, although variations were observed among the storage types studied. As the storage period increased, the seed showed lower germination, greater weight loss, and increasing damage. With extended storage, seed temperature, moisture content, weight loss, and the proportion of damaged grains showed an increasing pattern.
The highest maize germination percentage was recorded for hermetic bags compared with the other storage materials. Similarly, across the storage periods, the lowest germination percentages were recorded for seeds stored in polyethylene bags and jute sacks, at 36% and 38%, respectively. Seed quality in the different storage materials decreased as the storage interval increased. Thus, seed stored in hermetic bags showed the highest germination percentage and maintained seed quality. Under the conditions of this study, jute sacks and polyethylene bags were unsuitable for storing maize seed in Hawassa because they did not adequately protect the maize from weevil attack. Hermetic bags were suitable for storing maize seed for longer periods while maintaining its quality.

Recommendation
- Hermetic bags were found to be suitable for storing maize seed in the study area; therefore, appropriate scaling up of this technology is essential to support the production of quality maize seed in the study area.

Limitations

The study evaluated one maize variety (BH-546), three storage materials, and a six-month storage period at a single research centre under ambient conditions. These boundaries limit the generalisability of the findings to other varieties, storage environments, seasons, and agro-ecological zones. The quality assessment focused on the reported physiological and physical indicators. Future studies should include multiple locations, seasons, maize varieties, longer storage periods, and a broader range of hermetic and conventional materials to confirm the consistency of the observed responses.
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