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    Abstract

								
								A study was conducted in the Seed Testing laboratory of the Institute of Agricultural Research and Training to determine the response of kenaf to different threshing and packaging materials. Experiment design was a 2 × 3 × 4 × 2 factorial arrangement in CRD with 3 replications. The factors were variety, threshing methods, packaging materials and storage environments. The results showed that kenaf seed stored in both Jute bag and muslin cloth under ambient condition recorded significantly higher germination percentage with 34% and 32.02% after six months in storage, respectively. Similar trend was followed under cold storage. Seed stored under jute bag recorded higher germination percentage of about 47% after six months in storage but not statistically significant from those stored under muslin cloth that recorded about 42% germination percentage. The rate of seed deterioration was lowest when both varieties were stored using jute bag with values of 18.03% (Cuba 108) and 17.87% (Ifeken 400). This was also followed by muslin cloth which recorded 31.2% (Cuba 108) and 25.6% (Ifeken 400). The result also showed that seed threshed mechanically and stored using jute bag obtained the highest level of germination in six-month.
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								Introduction

								
								Kenaf (Hibiscus cannabinus) is an herbaceous, annual, short-photoperiod plant that contains high quality cellulose. The genus Hibiscus has a cosmopolitan distribution and contains more than 400 species. Kenaf is a commercially important fiber crop next to cotton and jute. Both jute and kenaf constitute raw jute as it goes in trade and industry. The use of quality seeds in cultivation is one of the most important factors that can increase farm level yield. Although seed quality is governed by genetic makeup, seed storage and retention of viability are important for seed vigor [1]. Seed availability is a fundamental factor to ensure successful development of a novel crop. Insufficient and irregular supply of seed will obstruct planning and can cause setback to development of any industrial or agricultural project. The quality of kenaf seeds depends on many pre and post harvest factors, such as time of cultivation and method, time of seed maturity and harvest, threshing, processing, and drying operation and storage condition. Mechanical damage is one of the major factors which reduce the seed quality. In traditional method, some amount of kenaf seed losses due to inefficient harvesting and threshing practices. Manual threshing methods are labour intensive as compared to mechanical threshing. However, harvest of kenaf seed is another major problem as bristles from kenaf capsules can cause extreme itchiness and irritation to human skin and farmers face an acute problem of threshing kenaf seed. The seed injuries are caused from the weathering, fungi, insects, artificial drying and mechanical damage during harvest, handling, threshing and storage [2]. Dharmaputra, et al. [3] studied post harvest quality improvement of sorghum grain and showed that method of threshing of sorghum seeds have significant effects on grain damage in terms of cracked and broken grains and germination. The percentage of damaged grain of sorghum threshed using a wooden stick was higher and significantly different from that threshed with a paddy thresher. Also, the percentage of seed germination was higher in sorghum threshed using paddy thresher (93.3%) and significantly different from that of sorghum threshed using a wooden stick (91.04%). Mechanical damage is one of the major causes of seed deterioration during storage [4]. Damaged to grains pose less resistance against pests and diseases and have the minimum storage life [5]. In areas were kenaf is being planted, low yield have been attributed to poor seed quality, among others. Mbora, et al. [6] reported that seeds of the best quality will result in crops of the best quality in the field which will result to yields of the highest value. Contributory factors to such low seed quality are inappropriate threshing methods and storage. During threshing, internal crack may occur along embryo of the seeds. These fissures may retard the germination potential, viability and vigour of the seeds leading to poor establishment. They may also serve as entry points for pathogen to destroy the seeds in storage.
								

								
								Seed storage generally aims to maintain seed viability and protect it from factors that cause a decline in viability so that high quality seeds remain available for the next planting season [7]. Storability of seeds is mainly a genetically regulated trait which is influenced by the seed quality at the time of storage, history of seed before storage (environmental factors during pre and post-harvest stages), moisture content of seed, ambient relative humidity and temperature of storage environment, storage period and biotic agents [8,9]. Damage of seed during storage is inevitable [10]. Seeds undergo deterioration during storage with the rate dependent on storage temperature, moisture and storage period [11]. These environmental conditions are very hard to maintain during storage. The seed storage environment highly influences the period of seed survival. After planting of deteriorate seeds, seedling emergence may be poor and transmission of pathogens to the new crop may occur. Lower temperature and humidity result in delayed seed deteriorative process and hence prolonged viability period [12]. Therefore, the present study was undertaken with a view to determine the effects of threshing methods and packaging materials on the germination potential of kenaf cultivars before and after storage.
								

								Materials and Methods

								
								The design of the laboratory experiment was a 2 × 3 × 4 × 2 factorial arrangement in CRD with 3 replications. The factors were variety at 2 levels (Ifeken 400 and Cuba 108), threshing methods at 3 levels (Hand, Manual and Machine), 4 levels of packaging materials (Envelop, Jute bag, Muslin cloth and Aluminum foil) and 2 levels of storage environments (Cold room and Ambient). The field experiment was planted in August 2020 and all agronomic practices for good seed yield were observed. Threshing was carefully done on the harvested plant in order to reduce the risk of damaging the seed or mixing them with other variety. The 3 threshing methods were applied on 50 kg of harvested capsules of each of the variety. One variety was threshed at a time and the threshing equipment and environment were properly cleaned. After threshing the seed, moisture content and purity analysis were determined and three replicates of 500g per each treatment were weighed and placed into different packaging materials for storage under ambient and cold room storage environments. Throughout the period of the experiment, the cold room had at least four hours of light on daily basis from Monday to Friday due to epileptic power supply in the country. At zero storage, sample of each treatment was collected for seed testing to determine the initial viability of the seed. For storage, the containers were placed on a wooden creates in the laboratory (ambient) and the other inside the seed storage facility of the Institute for six months. The temperature and relative humidity readings of the storage environment were recorded daily at 10 am and 3 pm for a period of six months ranging from February 2021 to July 2021. Laboratory seed quality analysis was carried out at two months interval during the period of the experiment.
								

								Standard germination

								
								Standard germination test was carried out in three replications of 50 seeds per replicate. Plastic germination bowls were filled with moistened sharp sand and seeds were evenly spaced on the sand and thereafter thinly covered with moistened sand and lightly pressed for a good seed-substratum contact. The bowls were covered with nylon sheets to conserve moisture and kept at ambient room temperature. Germination counts were made daily from the 3rd to 7th day after planting. On the 7th day, seedling analysis was carried out and the numbers of normal and abnormal seedlings were recorded. Germination was interpreted as the percentage of seeds producing normal seedlings [13].
								

								
								
								 
								  Germination percentage 
								   
									GPCT
								   = 
								   
									Number of normal seedlings emerged  
								   
									Total number of seeds planted
								  
								  × 100
								
								

								
								Data that were collected were subjected to combined ANOVA separately for each storage conditions and combined using general linear model procedures in statistical analysis system, SAS software version 9.2 [14] to compute mean squares for each character. Mean separation was done using Duncan Multiple Range Test (DMRT).
								

								Results and Discussion

								
								The mean monthly minimum and maximum temperature and relative humidity ranges in the ambient and cold storage environments used during the study were presented in Table 1. Temperature values both minimum (T1) and maximum (T2) for ambient and cold storage environments ranged from 30.76 ℃ T1to 26.29 ℃ T2 and 31.90 ℃ T2 to 23.82 ℃ for ambient and 19.73 ℃ T1 to 21.84 ℃ T1 and 18.94 ℃ T2 to 19.81 ℃ T2 for cold storage condition. Relative humidity ranged from 52.4% RH1 to 37.58% RH2 and 49.2% RH2 to 66.12% RH2 for ambient and 53.77% RH1 to 37.58% RH1 and 47.64% RH2 to 31.67% RH2. Mean values of kenaf seed stored under different storage conditions and packaging materials is presented in Table 2. Kenaf seed stored in both Jute bag and muslin cloth under ambient condition recorded significantly higher germination percentage with 34% and 32.02% after six months in storage, respectively. Seeds stored using envelops recorded the lowest germination percentage statistically significant from other three packaging materials. The reduction in germination in seeds stored with both aluminum and envelop under ambient temperatures could be as a result of non porosity of the materials. Additionally, an increase in storage periods under high temperature and humidity also caused a reduction in viability of the stored seeds. This observation could be due to non exchange of gases between the seeds and their ambient environment which could bring about rapid deterioration of the seeds as a result of rapid respiration. This negates the findings of Tonin and Perez [15]. They reported that the type of packaging at the time of seed storage becomes extremely relevant on the quality indicators when the packaging can minimize the rate of seed spoilage, and continue to regulate the initial water content of seeds in storage, preventing the speed at which the seeds respire. Similar trend was followed under cold storage. Seed stored under jute bag recorded higher germination percentage of about 47% after six months in storage but not statistically significant from those stored under muslin cloth that recorded about 42% germination percentage. Germination percentages for seed stored with both envelop and aluminum are not statistically significant. It was observed that the germination decreased with increase in storage period. Although, seed stored under cold condition lose viability slowly over storage periods as compared to those stored under ambient condition using any of the packaging materials, This gradual loss of viability for seeds stored under cold condition may be attributed to maintenance food reserves as a result of low respiration rate and low metabolic activity due to controlled temperature, relative humidity in the storage environment. This finding is in line with Balesevic-Tubic, et al. [16], who reported that seed germination of soybean declines more in storage under convectional conditions due to variability in temperature and relative humidity than seeds stored under controlled conditions.
								

								
								Initial average germination percentages for all the packaging material was 61.78% (Table 3). Average germination percentage at two, four and six months after storage was highest with kenaf seeds stored using jute bags and lowest with seed stored using aluminum. Jute bag recorded 57.9%, 52.89% and 46.69% while aluminum recorded 52.17%, 20.28% and 12.22%, respectively 2, 4 and 6 months after storage. The low viability of kenaf seed at the initial stage of the study could be as a results of delayed threshing and also pre-harvest sprouting of the seeds on mother plants prior harvesting [17]. Highly significant (P < 0.01) difference was observed in mean germination percentage in kenaf seeds using different packaging materials after six months in storage. Response of kenaf seeds during storage using both jute and muslin cloth are very close though statistically different from one another. The seeds stored in jute bag had the highest germination percentage (46.69%) six month in storage. Seeds stored in envelop recorded the lowest average germination percentage (12.22%) six months after storage. The packaging materials had a significant effect on seed germination under the two storage environments. Lower germinations recorded by both aluminum and envelop six months after storage could be as a result of low air movement in stored seed which caused heat accumulation resulting from respiration [18].
								

								
								Response of kenaf varieties to different packaging materials is presented in Table 4. Initial germination percentage for the two varieties used were 62.89% and 60.67% for Cuba 108 and Ifeken 100. Two months after storage, average germination percentage was highest when the two varieties were stored using jute bags with values of 58.50% (Cuba 108) and 57.33% (Ifeken 400). No statistical difference between germination values when Ifeken 400 was stored with either jute or muslin cloth 2 months after storage but lowest with aluminum. For Cuba 108, no statistical differences among muslin cloth, envelop and aluminum two months after storage. At four months after storage, both varieties recorded highest germination percentage of 54.625% (Cuba 108) and 54.67% (Ifeken 400) with jute. Storage with jute also recorded highest values for both varieties at 6 months after storage period. Reduction in average germination percentage was pronounced for the two varieties when aluminum was used during the storage period. From the results above, the two varieties followed similar trend in their rates of deterioration irrespective of the packaging materials used. The longer the storage period, the more the catabolic reaction. The difference could be as a result of continuous catabolic reaction resulting in depletion of food reserve. This corroborates the findings of Talipata [19]. Gbolami and Golpayegani [20] also reported that by increasing the storage period of soybean and rice seeds, germination rate coefficient are decreased. Rate of seed deterioration for the two varieties were similar using different packaging materials. Deterioration rates was highest when both varieties were stored using aluminum with values of 79.3% (Cuba 108) and 81% (Ifeken 400), respectively. This was followed by aluminum 56.17% (Cuba 108) and 56% (Ifeken 400). The rate of seed deterioration was lowest when both varieties were stored using jute bag with values of 18.03% (Cuba 108) and 17.87% (Ifeken 400). This was also followed by muslin cloth which recorded 31.2% (Cuba 108) and 25.6% (Ifeken 400). The similarity between the varieties might be due to similar genetic factors and seed chemical composition. This present study is in line with the findings of Shelar, et al. [21] who stated that irrespective of genotypes, the germination potential of soybean seeds decreased during storage.
								

								Interaction effects

								
								The interaction effect among ambient storage, hand threshing and packaging materials is presented in Figure 1a. The result showed that kenaf seed germination declined over storage periods. At 6 months after storage, seed threshed using hand and stored in jute bag under ambient condition recorded the highest germination percentage. Similar trend was also recorded when kenaf seed was threshed using leg and stored with jute bag (Figure 1b). Interaction effect among ambient storage, mechanical threshing and packaging materials is presented in Figure 1c. Despite decreasing in germination percentage over storage periods, the seed threshed mechanically and packaged with jute bag recorded the highest germination percentage. This could be as a result of subtle damage to the seed during mechanical threshing because the whole plant with the seed capsules were fed into the machine. This finding was not in agreement with the findings of Dharmaputra, et al. [3] and Jyoti and Malik [4].
								

								
								Under cold storage condition, germination of the seeds in different containers and threshed with hand decreased with storage durations (Figure 1d). The rate of deterioration was highest for seed stored with envelop after six-month (28.00%). Seed stored in jute bag recorded the highest germination percentage of 50 six-month after storage. Figure 1e showed that kenaf seed threshed with leg and stored using different storage materials deteriorate faster, Initial germination percentage was also the least when compared with other threshing methods. The decline in germination could be as a result of direct contact of the leg with the seeds during threshing. This corroborates the findings of Dharmaputra, et al. [3] Seed threshed mechanically and stored using jute bag obtained the highest level of germination (56.00%) in six-month (Figure 1f), which was significantly different from all other packaging materials. The rate of deterioration over the period of storage was very small when seed was threshed mechanically and packaged with jute bag. The rate of deterioration 2, 4, and 6 months after storage are 0.5%, 10% and 4.01%, respectively. The result showed that initial germination was also the highest (65.33) when threshed mechanically.
								

								Conclusion

								
								Results from this study have shown that highest germination percentage and lowest rate of seed deterioration were recorded when kenaf seeds was threshed mechanically and stored in jute bag followed by muslin cloth. The more extended storage period caused decreasing kenaf quality in all kenaf varieties and packaging materials used. Kenaf seed threshed mechanically and packaged using jute bag gave the best performance.
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