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ABSTRACT 
 

Seed storage experiment was carried out to investigate the most appropriate period of storing and preserving 

soybean seed quality under ambient conditions. Germination percentage, seed vigour, moisture content, 1000 seed 

weight, protein and oil contents were assessed before storage (control), three months (90 days) and six months (180 

days) after storage. The results indicated that soybean seeds of the control recorded a high germination percentage 

and vigour than those stored for three and six months. On an average, germinability reduced by 17 % and 38 % at 3 

and 6 months of storage respectively than seeds of the control. Seed vigour also reduced by 23 % and 71 % at the 3
rd

 

and 6
th
 months of storage than those of the control. Temperature and relative humidity readings were high and 

fluctuating under ambient storage conditions, and these conditions contributed to increase in moisture and 1000 seed 

weight. The percentage oil content of the seeds reduced in storage by 0.37 % and 0.44 % at three and six months of 

storage. However, protein content of the seeds increased at three and six months in storage by 0.23 % and 1.77 %. 

Data collected were subjected to analysis of variance using Statistix Student Version 9.0 and treatment means 

separated using Tukey's HSD (Honest Significant Difference) at probability level of 0.01.  
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I. INTRODUCTION 

Seeds are considered to be in storage from the moment 

they reach physiological maturity until germination [1]. 

The purpose of storage is to maintain quality of 

harvested produce but not necessarily to improve it [2]. 

Seeds need to have good storage quality to ensure that 

it maintains conditions until it is used for sowing. 

During seed storage, quality can remain at the initial 

level or it may decline to a degree that would cause the 

seed to be unacceptable for planting [3]. Some seeds 

are naturally short-lived (e.g. soybean, onion, peanuts 

etc.) [1]. Storability of seeds is mainly a genetic 

character and is influenced by pre-storage history of 

seed, seed maturation and environmental factors 

during pre-and post-harvest stages [4]. 

Soybean seed decline in quality faster than seeds of 

other crops [5]; [6]. It has been reported that the short 

life span of soybean in storage could be due to certain 

factors including the high oil content and perhaps high 

moisture content [7]. One of the major constraints to 

the production of soybean in the tropics is the rapid 

loss of seed viability and vigour during storage under 

ambient conditions [8].  The loss of germination is 

much more acute under tropical conditions [9]. 

Seed deterioration is also associated with storage 

duration [10]. Changes associated with seed 

deterioration are depletion in food reserve, increased 

enzyme activity, increased fat acidity and membrane 

permeability. As the catabolic changes continue with 

increasing age, the ability of the seed to germinate is 

reduced [10]. Shrinking and breaking of seeds during 
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storage are some of the physical changes that occurred 

in soybean seed in storage [11]. Seed deterioration 

leads to reduction in quality, performance and stand 

establishment [10]. As seed quality deteriorates during 

storage, vigour declines before loss in standard 

germination [3]. 

Moreover, [12] reported that farmers in the developing 

world still store their produce including seed under the 

ambient environment. [13] added that storage under 

ambient conditions has been observed to affect seed 

quality in general and germination in particular. 

Storage is improved under ambient conditions if seeds 

are well-packaged [14]. Irrespective of initial seed 

quality, unfavourable storage conditions, particularly 

temperature and relative humidity, contribute to 

accelerating seed deterioration in storage [5]. 

Germination and seedling vigour are severely affected 

if seed is stored at high relative humidity and 

deterioration is much faster if the storage temperature 

is also high [15]. The study was therefore designed to 

determine the effect of period of storage on seed 

quality characteristics particularly, germinability, 

vigour, 1000 seed weight, moisture content, protein 

and fat contents. 

 

II. METHODS AND MATERIAL 

 

The experiment was carried out from January to June, 

2013. The soybean seeds were stored at the 

Department of Horticulture under ambient conditions. 

Germination test and 1000 seed weight determination 

were carried out at Department of Horticulture, 

Kwame Nkrumah University of Science and 

Technology (KNUST).  The moisture content, protein 

and fat content were determined at the Department of 

Biochemistry, KNUST, and seed vigour (Seed 

conductivity test) determined at the Department of 

Crop and Soil Sciences (KNUST). 

Source of Seeds 

Seeds of three varieties of soybean (Nangbaar, 

Anidaso and Jenguma) were procured from CSIR - 

Crops Research Institute (CRI) and CSIR - Savanna 

Agricultural Research Institute (SARI). The maturity 

classes of Nangbaar, Anidaso and Jenguma are early 

(≤100 days), medium (101-110 days) and late 

maturing (110-115 days), respectively [16]. 

Experiment 1: Seed Production Experiment 

The seeds were produced at research fields at Crops 

Research Institute using three varieties in Randomized 

Complete Block Design (RCBD) with three 

replications. The land was manually prepared using 

the zero tillage technology. Seeds were planted in ten 

rows in each plot of 5 m long at spacing of 60 cm 

between rows and 10 cm within rows. The distance 

between replicates was 1 m. Three seeds were planted 

per hill and thinned to two plants per hill at two weeks 

after planting. No soil amendment or fertilizer was 

applied. Weeds were effectively controlled during the 

growing period. Spraying was carried out at four and 

six weeks after planting with Lambda Super 2 SEC to 

control insect pests. All the good agronomic practices 

were observed. Depending on the maturity class, each 

variety was harvested at physiological maturity. 

Physiological maturity harvesting was carried out 

when 90% of the pods on the plant turned brown [17]. 

Pods harvested at physiological maturity were further 

dried for one week before threshing manually.  

Experiment 2: Seed Storage Experiment 

The seed storage trial was set up in a 3 x 3 factorial 

arrangement in Completely Randomized Design (CRD) 

with four replications. The first factor was variety at 

three levels (Nangbaar, Anidaso and Jenguma); the 

second factor was storage duration at three levels (no 

storage, three and six months-storage). Seeds were not 

treated with any chemicals or botanicals before and 

during storage. Seeds were stored in brown paper 

envelopes.  

Harvested seeds obtained were then used for further 

laboratory analyses to determine germination 

percentage, seed vigour (seed conductivity test), 

moisture content, protein and oil content. Temperature 

and relative humidity readings of the storage room 

were also recorded. 

Determination of Germination Percentage: 

Germination test was carried out according to [18]. 

For each treatment, 400 seeds from the pure seed 

fraction of a purity test were used to conduct the 

germination test. The seeds were arranged in four 

replicates of 100 each on a counting board and planted 

in a levelled layer of moist sand in a perforated 

container. On day eight, each replicate was examined 
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and evaluated separately. Seedlings and seeds were 

counted and grouped into normal and abnormal 

seedlings, fresh ungerminated seeds, hard and dead 

seeds. Germination percentage was determined using 

Equ 1, (ISTA, 2007).   

 
Determination of Seed Vigour: Conductivity test was 

used in determining the vigour of the seeds [8]. Four 

replicates of 50 seeds of each treatment were drawn at 

random and tested for electrical conductivity. Seeds 

were placed in Erlenmeyer flasks containing 75 ml 

ultra-pure deionized water equilibrated to 25 °C, then 

maintained at 25 °C for 24 h. After 24 h of soaking, 

the flasks was swirled for 10-15 sec and seeds then 

taken out of water with a clean forceps. An electrical 

conductivity dip cell was inserted into the seep water 

until a stabilized reading was achieved and recorded. 

The mean of the two control flasks (sterilized distilled 

water) when measured served as background reading. 

Conductivity was calculated using Equ 2, [18].  

 

 
 

Determination of Moisture Content: The low 

constant temperature oven method [19] was used to 

determine the moisture content of the seeds. Empty 

glass crucible was thoroughly washed, cleaned and 

dried for one hour at 130 °C and placed in desiccator 

to cool. The empty crucible and its cover were then 

weighed before and after filling. About 5 g milled 

soybean seed from each sample was weighed and 

transferred into a previously weighed empty glass 

crucible and placed in an oven maintained at a 

temperature of 105 °C and dry for 5 h. Four replicates 

were taken. At the end of the prescribed period, the 

container was covered and removed from the oven and 

allowed to cool in desiccator to room temperature. 

After cooling, the container with its cover and content 

was reweighed and figures recorded. Loss in weight 

was calculated as percentage moisture content using 

Equ 3, [19]. 

 

 
 

Determination of Crude Fat Content: The sample 

used for the moisture content determination was 

transferred into a paper thimble, labeled and put in a 

thimble holder for the crude fat determination [19]. 

150 mL of petroleum spirit was poured into a pre-

weighed 500 mL round bottom flask and assembled on 

a semi-continuous Soxhlet extractor and refluxed for 

16 h. The hexane was recovered after removing the 

paper thimble from the thimble holder and the flask 

containing the fat heated for 30 min in an oven at 103
0
 

C to get rid of the residual hexane. The flask 

containing the fat was re-weighed after being cooled 

in a desiccator [19]. The increase in weight was 

calculated as percentage crude fat as shown in Equ 4. 

 ………………..Equ 4 

 
Determination of Protein Content  

The protein content was determined using the Kjeldahl 

method in three steps: digestion, neutralization and 

distillation, and titration [19].  

 

Digestion: About 2 g of the sample was weighed into 

a digestion flask and mixed with 25 mL of 

concentrated H2SO4, selenium catalyst and few anti-

bumping agents. The content of the flask was digested 

by heating in a fume chamber till the colour of the 

solution turned clear.  

 

Neutralization and Distillation: after the digestion 

has been completed, the digestion flask was allowed to 

cool, the solution transferred into a 100 mL volumetric 

flask, and the volume made up to the 100 mL mark 

with distilled water. The distillation apparatus was 

flashed out with water and 10 mL of digested sample 

transferred into the distillation apparatus. The solution 

was neutralized with 18 mL NaOH and boiled under 

distillation water in a steam generator. Circulation was 

allowed for about 10 min. A conical flask was filled 

with 25 mL of 2% boric acid and 3 drops of mixed 

indicator (methylene blue and methylene red) added. 

The conical flask and its content were placed under the 

condenser in a position where the tip of the condenser 

was completely immersed in solution for 10 min and 

end of condenser washed with distilled water.  

Titration: The nitrogen content was then estimated by 

titrating the ammonium borate formed in the conical 
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flask with 0.1M HCl solution. Titre values of the 

replicate samples were recorded and percentage 

nitrogen calculated using Equ 5. A blank sample was 

run at the same time as the sample is being analyzed 

[19].  

 

Temperature and Relative Humidity of Storage 

Room 

The ambient storage room temperature and relative 

humidity readings were taken at specified times of 

9:00 am, 12:00 pm and 6.00 pm. Acurite manufactured 

indoor digital humidity and temperature monitor 

(00325) was used in taking the readings. 

Data analysis: Data collected were subjected to 

analysis of variance using Statistix Student Version 

9.0 and treatment means separated using Tukey's HSD 

(Honest Significant Difference) at probability level of 

0.01.  

III. RESULTS AND DISCUSSIONS 

 

Ambient conditions of storage environment 

Relative humidity ranged from 61.7% to 86.6% 

whereas temperature ranged between 22.6 ºC and 28.8 

ºC. The minimum relative humidity was recorded in 

January, 2013 and the maximum in June, 2013. The 

minimum temperature was observed in January, 2013 

and the maximum in April, 2013 (Table 1).   

Table 1: Average relative humidity and temperature in 

the storage environment 

 

 

 

 

Effects of varieties and storage periods on 

germination of soybean seed 

There was significant variety x storage period 

interaction (P≤0.01) for seed germination capacity 

(Table 2). Nangbaar seeds without any storage 

registered the highest germination percentage 

(92.17%) though it was not significantly different 

from other varieties at no storage. Jenguma at six 

months of storage recorded the lowest germination 

percentage (34.75%). Seeds without storage gave 

significantly the highest germination percentage 

whereas those stored for six months recorded the least 

(Table 2). Seeds stored for three and six months 

reduced in germinability by 17% and 38% respectively 

than seeds not stored. These results indicated that 

germination percentage decreases with increase in 

storage period. However, the decline in seed 

germination at six months of storage was more 

pronounced under ambient conditions. The research 

findings also revealed that the soybean seed was 

significantly more sensitive to the length of storage, as 

well as the storage conditions. Similar results were 

obtained by [20] for soybean seed stored for six 

months under conventional conditions. They stated 

that in a group of tested varieties only one maintained 

germination above 80%. This also confirmed the 

findings of [21], who stated that irrespective of 

genotypes, the germination potential of soybean seeds 

decreased during storage. [9] also added that the 

germination potential (viability) is very short lived in 

soybean as compared to other oilseed crops and are 

often reduced prior to planting time. This loss of 

germination is much more acute under tropical 

conditions. The environmental conditions make it very 

difficult to maintain viability during storage. 

Table 2: The effect of storage period on germination 

(%) of soybean seeds 
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Effects of harvesting stages and storage periods on 

vigour of soybean seed 

There were no significant interactions for seed vigour. 

However, between varieties, Jenguma obtained the 

highest electrical conductivity value (37.87 μS cm-
1
g-

1
). Both Anidaso and Nangbaar recorded the lowest 

(35.20 μS cm-
1
g-

1 
and 35.56 μS cm-

1
g-

1 
respectively) 

though there were no significant differences between 

them (Table 3a). Seeds stored for six months recorded 

significantly the highest conductivity value (47.19 μS 

cm-
1
g-

1
) than other storage periods (Table 3b). 

However, [18] indicated that seed lots that have high 

electrolyte, that is, having high leachate conductivity, 

are considered as having low vigour, while those with 

low leakage (low conductivity) are considered high 

vigour seeds. The result implied that seed vigour 

decreased when the period of storage increased. At the 

beginning of seed storage, the vigour was high in all 

the varieties but reduced as time progressed, 

especially, at six months of storage. Seeds stored for 

three and six months recorded 23 % and 71 % 

reduction, respectively, in vigour as compared to seeds 

not stored. This support the statement made by [8] that 

one of the major constraints to the production of 

soybean in the tropics is the rapid loss of seed viability 

and vigour during storage under ambient conditions. 

[3] added that as seed quality deteriorates during 

storage, vigour declines before loss in standard 

germination.  

Table 3a: Seed Conductivity (Vigour) of three soybean 

varieties 

 

 

Table 3b: Effect of storage periods on seed 

conductivity (Vigour) of soybean seed  

 

Effects of varieties and storage period on moisture 

content (%) of soybean seed 

There was significant variety x storage period 

interaction (P≤0.01) for seed moisture content (Table 

4). Anidaso seeds without any storage registered 

significantly the least (7.55%) moisture content. 

However, Nangbaar seeds stored for six months had 

the highest (9.27%) moisture content. Seeds without 

storage registered the lowest (7.80%) whereas seeds 

stored for six months recorded significantly the 

highest percentage moisture content (9.20%). The 

results indicated that the seed moisture content for the 

entire storage duration ranged between 7.55 and 9.27. 

These figures were within the safe moisture limit for 

long storage and implied that the seeds were dried 

properly before storage. [22] recommended that 

oilseeds storage for extended period is only possible if 

the seed moisture content is less than 10 % or 

preferably dried to 8 %. In addition, the experimental 

results showed that the moisture content increased in 

response to an increase in the storage duration under 

ambient conditions. The climatic information (Table 

1) during the study period revealed that there was a 

rise in relative humidity from January to June. 

Therefore, the seeds absorbed moisture under ambient 

storage. Nevertheless, the rise in moisture content did 

not exceed the safe moisture limit. 

Table 4: The effect of storage period on moisture 

content (%) of soybean seeds 
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Effects of varieties and storage periods on protein 

content of soybean seed 

There was significant variety x storage period 

interaction such that Nangbaar and Anidaso stored for 

six months had significantly the highest seed protein 

content (30.51% and 30.40% respectively). Nangbaar 

without storage (28.08%) had the least seed protein 

content (Table 5). Storing soybean seeds for six 

months recorded the highest mean percentage protein 

content (30.14%) while seeds without storage (28.37 

%) obtained the least. Across the storage periods, 

Anidaso produced the highest protein content whereas 

Jenguma and Nangbaar registered the lowest (Table 5) 

Nangbaar seeds without storage had an average 

protein content of 28.08 %, Anidaso had 28.68 % and 

Jenguma obtained 28.36%. [23] found the average 

protein content of Nangbaar to be 43.00±0.18% and 

46.38±0.08% for Anidaso. This implied that the 

average percentage protein content obtained from this 

study was low as compared to the findings of [23]. 

The results also showed that the percentage protein 

content increased periodically in storage. However, 

according to [24], the total protein content of seed as 

calculated from its nitrogen content is generally 

assumed constant during storage. As fungal 

deterioration advances however and carbohydrate is 

used in the respiratory processes, protein increases 

when protein test is conducted and calculated. 
 

Table 5: Effects of varieties and storage periods on 

protein content (%) of soybean seeds 

 

Effects of varieties and storage periods on oil 

content of soybean seed 

There was significant variety x storage period 

interaction for seed oil content (Table 6). Anidaso seed 

without storage contained significantly the highest oil 

content (18.63%) whereas Nangbaar and Jenguma 

seeds stored for six months contained the lowest oil 

content (18% and 18.06% respectively). Soybean 

seeds without storage contained significantly high oil 

content (18.61%) as compared to seeds stored for six 

months, which recorded the least (18.17%). Anidaso 

had the highest oil content (18.53%). Nangbaar 

registered the least oil content (18.21%). [23] recorded 

an average oil content of 16.77± 0.23% for Nangbaar 

and 16.45±0.07% for Anidaso at physiological 

maturity. The implication was that the oil content 

obtained in this study was comparatively high to that 

of [23]. However, it confirmed the findings of [25] 

that at maturity, soybean contains 18% oil.  

Furthermore, the results also revealed that as the 

storage duration increased, oil content reduced. 

According to [26], oil seeds are very sensitive to the 

harsh environmental conditions. It is hypothesized that 

their oil content readily oxidizes, which enhances 

deterioration of the seed in storage. Therefore, the 

reduction could be attributed to oxidation during 

storage. According to [7], the chemical composition of 

oilseeds causes specific processes to occur during 

storage. The seeds rich in lipids have limited longevity 

due to their specific chemical composition. For 

example, soybean seed storage demands special 

attention due to its oil content; otherwise, processes 

may occur that would lead to the loss of germination 

ability and seed viability [7]. Shrinking and breaking 

of seeds during storage are some of the physical 

changes that occurred in soybean seed in storage [11].    

Table 6: The effect of storage periods on oil content 

(%) of soybean seeds 

 

Main effects of varieties and storage periods on 

1000 seed weight of soybean seed  

There were no significant interactions for seed weight. 

However, among varieties, Jenguma registered 

significantly the heaviest seed weight (126.30 g). 

Nangbaar and Anidaso (116.92 g and 116.97 g, 

respectively (Table 7a) obtained the least seed weight. 

[23], found the average 1000 seed weight for 

Nangbaar to be 115.5±7.2 g, 96.08±8.2 g for Anidaso. 

The result for Nangbaar was similar to that of [23]. 

However, that of Anidaso differed from what [23] 
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reported. Between storage periods, the 1000 seed 

weight was higher than that which was not stored 

(Table 7b) and could be attributed to the rise in 

relative humidity in every month in storage.  

Table 7a: 1000 seed weight (g) of soybean as affected 

by varieties 

 

Table 7b: The effect of storage periods on 1000 seed 

weight (g) of soybean seeds 

 

IV. CONCLUSIONS 

The research findings from the study revealed that:  

1. Relative humidity ranged from 61.7% to 

86.6% whereas temperature ranged between 

22.6 ºC and 28.8 ºC.  

2. There was significant variety x storage period 

interaction (P≤0.01) for seed germination 

capacity. Nangbaar seeds without any storage 

recorded the highest germination percentage 

(92.17%) though it was not significantly 

different from that of the control. Jenguma at 

six months of storage recorded the lowest 

germination percentage (34.75%). Seeds in the 

control recorded the highest germination 

percentage whereas those stored for six 

months recorded the least. 

3. There were no significant interactions for seed 

vigour. Jenguma obtained the highest 

electrical conductivity value (37.87 μS cm-
1
g-

1
). Both Anidaso and Nangbaar recorded the 

lowest (35.20 μS cm-
1
g-

1 
and 35.56 μS cm-

1
g-

1 
respectively). Seeds stored for six months 

recorded significantly the highest conductivity 

value (47.19 μS cm-
1
g-

1
) than those stored for 

three months. 

4. There was significant variety x storage period 

interaction (P≤0.01) for seed moisture content. 

Anidaso seeds without any storage registered 

significantly the least (7.55%) moisture 

content. However, Nangbaar seeds stored for 

six months had the highest (9.27%) moisture 

content. Seeds without storage registered the 

lowest (7.80%) whereas seeds stored for six 

months recorded significantly the highest 

percentage moisture content (9.20%). The 

results indicated that the seed moisture content 

for the entire storage duration ranged between 

7.55 and 9.27. 

5. There was significant variety x storage period 

interaction such that Nangbaar and Anidaso 

stored for six months produced significantly 

the highest seed protein content (30.51% and 

30.40% respectively). Nangbaar seeds without 

storage (28.08%) produced the lowest seed 

protein content. Storing soybean seeds for six 

months recorded the highest mean percentage 

protein content (30.14%) while seeds without 

storage (28.37 %) obtained the least. Across 

the storage periods, Anidaso produced the 

highest protein content whereas Jenguma and 

Nangbaar registered the lowest. Nangbaar 

seeds without storage had an average protein 

content of 28.08 %, Anidaso had 28.68 % and 

Jenguma obtained 28.36%. 

6. There was significant variety x storage period 

interaction for seed oil content (Table 6). 

Anidaso seed without storage contained 

significantly the highest oil content (18.63%) 

whereas Nangbaar and Jenguma seeds stored 

for six months contained the lowest oil content 

(18% and 18.06% respectively). Soybean 

seeds without storage contained significantly 

high oil content (18.61%) as compared to 

seeds stored for six months which recorded 

the least (18.17%). Anidaso had the highest oil 

content (18.53%). Nangbaar registered the 

least oil content (18.21%). 

7. There were no significant interactions for one 

thousand seed weight. However, among 

varieties, Jenguma registered significantly the 

heaviest seed weight (126.30 g). Nangbaar 

and Anidaso (116.92 g and 116.97 g, 

respectively obtained the least seed weight. 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)  830 

 

V. REFERENCES 

 

[1]  Gokhale, D. (2009). Post-harvest Seed 

 Storage/handling. Syngenta Foundation for 

 Sustainable Agriculture. STAK Conference, 

 Nairobi. Pp. 1-11. 

[2]  Sisman, C., and Delibas, L. (2004). Storing 

 sunflower seed and quality losses during 

 storage. Journal of Central European 

 Agriculture, 4: 239-250.  

[3]  Pratt, P., Bolin, P. and Godsey, C. (Eds.). 

 (2009). Soybean Production Guide. Oklahoma 

 Cooperative Extension Service, Division of 

 Agricultural Sciences and Natural Resources, 

 Oklahoma State University.  Pp. 12-114. 

[4]  Mahesha, C. R., Channaveeraswami, A. S., 

 Kurdikeri, M. B., Shekhargouda, M. and 

 Merwade, M. N. (200lb). Storability of 

 sunflower seeds harvested at different 

 maturity dates. Seed Res. 29(1): 98-102. 

[5]  Fabrizius, E., Tekroni, D. M., Egli, D. B. and 

 Rucker, M. (1999). Evaluation of viability 

 model for prediction soybean seed 

 germination during warehouse storage. Crop 

 Science, 39: 194-201.  

[6]  Usberti, R., Roberts, E. H. and Ellis, R. H. 

 (2006). Prediction of cotton seed longevity. 

 Pesq. Agropec.bras.,  Brasilia, 41: 1435-

 1441.  

[7]  Balesevic-Tubic, S., Tatic, M., Hrustic, M., 

 Miladinovic, J., Maksimovic, L., (2007). The 

 influence of aging process on germination and 

 seedling growth of sunflower seed. In: 

 Proceedings of the First Joint PSU-UNS 

 International Conference on BioScience: Food, 

 Agriculture, and the Environment, Thailand: 

 198-202. 

[8]  Nkang, A. and Umho, E. O. (1996). Six month 

 storability of five soybean cultivars as 

 influenced by stage of harvest, storage 

 temperature and relative humidity. Seed 

 Science and Technol., 25: 93-99.   

[9]  Shelar, V. R., Shaikh, R. S. and Nikam, A. S. 

 (2008). Soybean seed quality during Storage: 

 A Review. Agric. Rev., 29 (2): 125 – 131. 

[10]  Shelar, V. R. (2007). Strategies to Improve 

 the Seed Quality and Storability of Soybean – 

 A Review. Seed Technology Research Unit 

 (NSP), Mathtme Phule Krighi Vidyprth, 

 Rahuri 413- 722, India. Agricultural Review, 

 28 (3): 188-196, 2007. 

[11] Narayan, R., Chauhan, G. S. and Verma, N. S. 

 (1988a). Changes in the quality of soybean 

 during storage. Part 1- Effect of storage on 

 some physic-chemical properties of soybean. 

 Food Chemistry, Vol. 27, No.1, pp. 12-23. 

[12] Freistritzer, W.P., Vock, H. A., Kelly, F. and 

 Ziger, E. K (1981). Cereal and grain-legume 

 seed processing. FAO Technical Guidelines. 

 No.21. (Eds). Rome. Pp 3, 33-43, 51-53.  

 

[13] Chin, H. F. (1988). Storage and Testing of 

 Forage seeds in the Tropics. Online at 

 www.fao.org.AG/AGP.doc.PUBLC.pdf. 

[14] McCormack, H. J. (2004). Seed Processing 

 and Storage. Principles and Practices of Seed 

 harvesting and storage: An organic seed 

 production manual for seed growers in the 

 mid-Atlantic and Southern US. Pp. 9-17. 

[15] Cantliffe, J. D. (1998). Seed germination for 

 transplants. Horticulture Technology 8 (4) Pp 

 1-5.www.imok.ufl.edu/veghort/docs/seed _

 072502a.pdf accessed on 24/7/2014. 

[16] Asafo-Adjei, B., Ansah,I. O. O., Asuboah, 

 R.A., Dapaah,H., Haruna,M. and OtiBoateng, 

 C. (2005). Soybean Production Guide. CSIR-

 CRI, Kumasi, Ghana.  

[17] Council for Scientific and Industrial Research 

 and Savannah Agricultural Research Institute 

 and Ministry of Food and Agriculture. 

 Soybean Production Guide. Food Crops 

 Development Project, Ghana. Pp 1-39. 

[18] International Seed Testing Association. 

 International Rules for Seed Testing. 

 Bassersdorf, Switzerland. 

[19] Association of Official Analytical Chemists 

 (AOAC) International. (2007). Official 

 methods of analysis, 18th edition, 2005; 

 Current through revision 2, 2007. AOAC, 

 Gaithersburg, MD. 

[20] Nugraha, U.S. and Soejadi, S. (1991). 

 Evaluation on seed storability on soybean 

 genotypes. Indon. J. Crop Sci. 6:1-10. 

[21] Shelar, V.R. and Shaikh, N. (2002). Soybean 

 seed quality during storage. SeedTechnology 

 research. Agricultural Review, 29 (2):125-131. 

[22] Daun, J. K. (1995). Seed Analysis. In: 

 Brassica Oilseeds. Production and Utilization. 

http://www.fao.org.ag/AGP.doc.PUBLC.pdf
http://www.imok.ufl.edu/veghort/docs/seed%20_%09072502a.pdf%20accessed%20on%2024/7/2014
http://www.imok.ufl.edu/veghort/docs/seed%20_%09072502a.pdf%20accessed%20on%2024/7/2014


International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)  831 

 (Eds) D.S. Kimber and McGregor, D. I. CAB 

 international. Pp 245. 

[23] Adu-Dapaah, H.K., Asibuo J.Y., Asafo-Adjei. 

 B., Dashiel, K., Amoah, S., Asafu-Adjei, J.N. 

 and Addo, J.K. (2005). Breeding Methodology, 

 Botanical and Agronomic Characteristics of 

 four Groundnuts, Two Cowpea and two 

 Soybean Genotypes Proposed for Release. Pp. 

 42-60. 

[24] Bothast, R. J. (1978). Fungal Deterioration 

 and Related Phenomena in Cereals, Legumes 

 and Oilseeds. U. S. Department of Agriculture, 

 Peoria, IL 61604. Pp. 210 – 226. 

[25] Sauvant, D., Perez, J.-M., Tran, G. Ed. (2004). 

 Tables of composition and nutritional value of 

 feed materials, INRA, France. 

[26] Kausar M., Mahmood, T. Basra, S.M.A. and 

 Arshad, M. (2009). Invigoration of low vigor 

 sunflower hybrids by seed priming. Int. J. 

 Agric. Biol. 11: pp. 521-528. a, 41: 1435-1441. 


