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Influence of method of Storage on extending the 

longevity of coffee seeds (Coffea arabica L.) 

 
Senthil Raj R and V Manonmani 

 
Abstract 
Coffee (Coffea arabica L.) seeds are classified into intermediate seeds which require high moisture 

content during the storage and possess a short shelf life. Coffee trees are propagated using seedlings 

derived from seeds. The present study evaluated the suitable storage method for prolonging the viability 

of the seed. The results showed that the shelf life of coffee seed was extended up to 80 days by storing in 

300-gauge polythene bags at 15 °C. However, the seeds stored under environmental condition maintained 

the viability up to 20 days only. Also, the seeds stored along with moist media have not better way for 

extending the shelf life when compared with seed stored at 15 °C. The maximum seedling vigour and 

least electrical conductivity and free sugars were found in the seeds stored at 15 °C. The results showed 

that the coffee seeds can be stored up to 80 days in 300-gauge polythene bag at 15 °C. 

 

Keywords: Coffee seeds, recalcitrant seed, storage temperature, storage medium, viability, desiccation 

sensitive 

 

Introduction 

Globally, coffee (Coffea arabica L.) is one of the most valuable commodities. The world's 

economy, which is second only to petroleum in international trade, is heavily dependent on the 

economy of Asia, Latin America, and Africa. Coffee occupies a place of pride in international 

trade next to petroleum, with a total industry turnover of nearly US $ 70 million. Coffee is one 

of the most popular commodities worldwide with world exports reaching around 10.5 billion 

kg of fruits in 2020, generating more than U$ 26 billion. India has emerged as a sixth largest 

quality coffee producer in the world, accounting for more than 40% of world coffee production 

and occupies the total production of 95,000 MT during 2019-20 from an area of 2.28 lakh ha 

contributing to a world share of 4.5 per cent. The bulk of production is done in southern states 

of India (Naidu et al., 2018) [33]. In the states of Andhra Pradesh, Karnataka, Kerala, Tamil 

Nadu, and North East, coffee was mainly cultivated commodity. In Tamil Nadu, production of 

coffee is about 13.7 MT in 27.8 hectares. (India statistics 2005). The majority of cultivated 

Arabica coffee is predominantly self-pollinating and cultivated by seeds. The self-pollination 

characteristic of Arabica coffee causes high genetic uniformity in the coffee plant population. 

The variations of Arabica coffee population are caused by the spontaneous mutation of genes 

that control the character of the fruits and seeds as well as the natural crossover that occurs 

between two types of Arabica coffee (Clifford & Willson, 1985, Gebreselassie et al., 2010 [10, 

17]. Planting material in the form of seeds in Arabica coffee is very popular (Rosa et al., 2011, 

Nasiro et al., 2017) [11, 34] because in addition to have genetic variation in a low population, it 

is also easier to distribute and produce large numbers of plants in one harvest period. The main 

obstacle to planting material of seeds on coffee plants is the short shelf life period. Coffee 

seeds are able to germinate shortly after harvest and seed viability can decline rapidly. Coffee 

seeds are classified as intermediate seeds (Ellis et al., 1990; Hong & Ellis, 1996; Selmar et al., 

2006) [16, 20, 46] because they require high moisture content during the storage and the shelf life 

of coffee seeds is relatively short (Dussert et al., 1997, Rahardjo, 2012) [13, 39]. The shelf life of 

coffee seeds will be longer if stored at low temperatures. Nasiro et al., (2017) [34] revealed that 

coffee seeds stored at 15ºC were still able to maintain their germination of 71–78% while 

being stored at room temperature (± 28ºC) was only able to maintain seed germination of 43–

55%. Coffee seeds still germinate after being stored for 10 months at 15 °C and the moisture 

content of 10-11%. (Ellis et al., 1990) [16]. The storage using low moisture content is contrary 

to the provisions of the Regulation of Ministry of Agriculture No. 89 (2013) which stated that 

the moisture content of coffee seed stored is 30–40%. Nasiro et al., (2017) [34] showed that 

coffee seeds stored at 15 °C were able to maintain seed viability more than 80% for 
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five months of storage while coffee seeds stored at room 

temperature only lasted for three months with a germination 

percentage of more than 80%. In contrast, Rosa et al., (2011) 
[11] found that coffee seeds stored at 10-15 °C and 10–11% 

moisture content will produce poor quality seeds while if at 

20 °C still produce good quality seeds. Apart from storage 

temperature, the germination rate is also influenced by the 

level of fruit maturity at harvest. Coffee seeds harvested from 

fully ripe fruit (physiologically ripe) have the most optimal 

germination compared to seeds harvested when still green or 

yellowish towards red (Rosa et al., 2011, Baliza et al., 2012) 
[11, 4]. The germination testing aims to determine the potential 

of germination in the seeds lots and can be used to compare 

the quality among the seeds lots. It is also used to predict the 

success of seedling in the nursery (Sudrajat et al., 2017) [53]. 

The use of seeds which has high physiology potential is 

urgently needed for the success of production and it is also 

significantly contributing in the early process of seedling 

(Rahimi, 2013, Castan et al. 2018) [40, 6]. Therefore, the 

evaluations of germination potential in the seeds which have 

faster seed deterioration period and have been stored for a 

certain time are urgently needed. Seeds able to germinate 

when the root bulges or shoots appear. According to (Silva 

2002) [12], the germination process of seeds starts when water 

was absorbed through an inhibition process and it lasts when 

the embryo axis begins to elongate, usually a potential root. 

Seeds can germinate when placed in appropriate condition of 

environment, adequate water supply and proper light so the 

testing in laboratory can be the basic to measure the viability 

potential of the seeds (Kader, 2005, Eira et al., 2006, and 

Sudrajat et al., 2017) [24, 14, 53]. 

Generally, storage is the major problem for recalcitrant seeds. 

So, any development in short-term storage will ease the 

problem of field collection and transportation to gene banks. 

The current successful short-term storage methods are limited 

to moist or imbibed storage, controlled atmospheric 

techniques and partial drying methods. These methods are 

successful for many of the recalcitrant seeds. In imbibed 

storage, the most common storage media are damp charcoal, 

saw dust, moist sand and other moisture conserving materials 

and chemicals. Also, the storage of seeds in controlled 

atmosphere with various gases or in sealed containers or 

waxing has had some success (Chin et al., 1984) [8]. In 

addition, it is difficult to maintain quality of recalcitrant seeds 

during storage as the seeds themselves are variable in their 

size, moisture and viability. Also, there is a lack in 

understanding of the fundamental mechanisms and behaviour 

in recalcitrant group of seeds. So, the information on 

physiology of seed deterioration, seed longevity, storage 

behaviour and storage methods are inadequate. Hence, the 

present study was carried out to find the better storage method 

to prolong the viability of the coffee seeds and the changes 

caused during the desiccation of the seeds. 

 

Materials and Methods 

The freshly harvested coffee (Coffea arabica L cv. 

chandragiri) berries were collected from the Regional Coffee 

Research Station, Thandigudi was formed the base materials 

for the present study to identify suitable storage method for 

extending the shelf life of the seed. The freshly collected 

berries were used to extract the seeds and the uniform size 

seeds were obtained by manual grading. Then, the seeds were 

submitted to different storage treatments viz., Ambient 

Storage (control) - SM1, Seed in wood ash - SM2, Seed in 5% 

moist charcoal - SM3, Seed in 10% moist charcoal - SM4, 

Seed in 5% moist sand - SM5, Seed in 10% moist sand - SM6, 

Seed stored @ 15 ℃ - SM7, Seed stored @ 10℃ - SM8, Seed 

stored @ 5 ℃ - SM9. Then, the procedure described by 

Bhattacharyya and Basu (1992) [5] was followed for moist 

storage of coffee seeds. In case of moist sand incubation, 

medium grained building quality sand was used. The sand 

was thoroughly washed in running tap water, dried in the sun 

and again dried overnight in the hot air oven at 100 °C 

followed by cooling to room temperature before use. In 

charcoal incubation, fine quality materials were used. These 

materials were autoclaved at 15 lb pressure for 20 min 

followed by cooling to room temperature before use. Air dried 

incubation materials were mixed with carbendazim @ 2 g kg-1 

and then moistened with respective solutions as per the 

following treatments. The seeds were uniformly covered with 

the pre-moistened incubation materials at the ratio of 1:3 and 

stored in loosely bound 300-gauge polythene bags under 

ambient room condition (25±2°C and 60% RH) for a period 

of 3 months. Seed samples were drawn at 10 days’ interval 

and the following physiological and biochemical changes 

were estimated with four replicates. 

 

Seed weight, and seed moisture content  

The seeds kept for desiccation were weighed using an 

electronic balance and the mean values were expressed in 

gram. Moisture content of seed was determined by using hot 

air oven method. Empty weight of moisture bottle with lid 

(M1) was noted. Then fresh seeds were weighed along with 

moisture bottle (M2) and placed in hot air oven maintained at 

105 C for about 16 hour. Then the bottles were taken out and 

cooled in a desiccator containing calcium chloride (CaCl2) for 

20 minutes. The weight of bottle along with dried seeds (M3) 

was recorded individually. The moisture content was 

calculated using the following formula and the mean was 

expressed as per cent. 

 

  
 

Where, 

M1 = Weight of moisture bottle 

M2 = Weight of moisture bottle + sample before drying  

M3 = Weight of moisture bottle + sample after drying 

 

Germination and vigour index 

Germination test was conducted in sand medium using 25 

seeds for each replication with ((ISTA, 1999) room 

temperature of 25±1°C and 95±2 per cent relative humidity. 

At the end of 45 days, the number of normal seedlings was 

counted and the germination per cent was calculated. Vigour 

index values were calculated adopting the following formula 

as suggested by Abdul-Baki and Anderson (1973) [1] and was 

expressed in whole number. 

 

Vigour index = Germination (%) x Mean seedling length (cm) 

 

Electrical conductivity of seed leachate and free sugars 

Four replicates of 10 seeds were drawn and soaked in 20 ml 

of distilled water for 36 h and the electrical conductivity of 

seed leachate was measured using the digital electrical 

conductivity meter with an electrode possessing a cell 
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constant of one of Presley (1958) [38] using the electrical 

conductivity of seed leachate was expressed in μSm-1. The 

leachates of coffee seeds after the electrical conductivity test 

were used for determining the amount of sugar following the 

method described Somogyi (1952) [50]. After measuring the 

electrical conductivity, the seed leachate was used to 

determine the free sugars. One ml of seed leachate was taken 

and one ml of copper reagent was added and boiled for 15 

min. After cooling this mixture in running water, one ml of 

Nelson’s arseno molybdate reagent was added for colour 

development and the final volume was made up to 10 ml with 

distilled water. The colour intensity was measured as optical 

density value in UV-VIS spectrophotometer at 620 nm. Then, 

the amount of sugar was calculated against a glucose standard 

and expressed in mg g-1. 

 

Experimental Results 

Seed moisture, Seed weight germination and vigour index 

Statistically significant differences were observed in seed 

moisture due to storage treatments, periods and their 

interactions. Maximum seed moisture (45.2%) was recorded 

in SM7 and minimum in SM1 (20.7%). Among the storage 

periods, seed moisture was maximum (59.6%) at initial period 

and minimum (10.3%) at 90 days after storage. Interaction 

between storage periods and treatments showed that SM7 has 

recorded maximum seed moisture (21.3%) (Table. 1). Highly 

significant differences were recorded in seed weight due to 

storage treatments, periods and their interactions. Among the 

treatments, maximum seed weight (9.8 g) was recorded in 

SM7 and minimum in SM1 (4.6 g). In case of storage periods, 

seed weight was maximum (11.7 g) at initial period and 

minimum (4.3 g) at 90 days after storage. Interaction between 

treatments and storage periods showed that SM7 has recorded 

maximum seed weight (7.9 g) at 90 days after storage (Table. 

2). Highly significant differences were observed in 

germination due to storage treatments, periods and their 

interactions. Among the storage treatments, maximum 

germination (45%) was recorded in SM7 and minimum (13%) 

at SM1. In case of storage periods, the maximum germination 

(78%) was observed at initial period and minimum (3%) at 80 

days after storage. Interaction between storage periods and 

treatments showed that SM7 was recorded maximum 

germination (14%) at 80 days after storage (Table. 3). The 

variations in vigour index were noticed with significant 

differences due to the storage periods, treatments and their 

interactions. Among the treatments, maximum vigour index 

(106) was recorded in SM7 and minimum in SM1 (27). During 

period of storage, initial vigour (226) was reduced and 

recorded the lowest (3) at 80 days after storage. Interaction 

between storage periods and treatments showed that SM7 has 

recorded the highest vigour index (17) at 80 days after storage 

(Table. 4). 

 

Electrical conductivity of seed leachate, and free sugars  

Electrical conductivity of seed leachate showed highly 

significant differences due storage treatments and periods. 

Among the treatments, minimum electrical conductivity (283 

μSm-1) was noticed in SM7 and maximum (628 μSm-1) in 

SM1. During period of storage, the minimum electrical 

conductivity (109 μSm-1) recorded at initial period was 

increased and recorded maximum (825 μSm-1) on 90 days 

after storage (Table. 5). Highly significant differences were 

noticed for free sugars due to storage treatments, periods and 

their interactions. Among the storage treatments, minimum 

free sugars (3.09 mg g-1) were recorded in SM7 and maximum 

(6.76 mg g-1) in SM1. During period of storage, minimum 

(0.76 mg g-1) free sugars were increased and reached 

maximum (14.07 mg g-1) at 90 days after storage. Interaction 

between periods of storage and treatments showed that the 

seeds stored at 10°C (SM7) have recorded minimum free 

sugars (7.55 mg g-1) at 90 days after storage. (Table. 6). 

 

Discussion 

Many tropical recalcitrant species lose its viability even at 

short period for below 10 to 15 °C (Chin and Roberts, 1980) 
[7]. However, in this present study the results showed that the 

coffee seeds stored in sealed 300-gauge polythene bags at 15 

°C maintained the maximum germination (14%) up to 80 days 

with the moisture content of 26.4 per cent (fig 2). Whereas, 

the seeds stored at ambient condition drastically reduced its 

viability due to heavy reduction in moisture content. Similar 

results of low temperature storage were recorded in cocoa in 

which, the seeds stored at 15 °C maintained better viability 

compared with 17 °C (Hor, 1984) [21]. Song et al. (1984) [51] 

also reported that Hopea hainanensis seeds stored at 15 to 20 

°C maintained viability upto 6 months. Tompsett (1985) [57] 

found that the sudden loss of germination at 6°C was noticed 

in Shorea robusta seeds but the viability was maintained 

better at 11°C. The present findings also revealed similar 

trends that seeds stored at low temperature (5 °C) recorded 

sudden reduction in germination compared with seeds stored 

at 15 °C (fig 1). However, Barman (1990) found that tea seeds 

are viable when stored in sealed polythene bags at 4 °C for a 

period of one year. Contrastingly, Tompsett (1992) [58] found 

that moist Dipterocarpus seeds showed reduction in 

germination at low temperatures range from 0 to 16°C. The 

viability of clove, nutmeg, rubber seeds could successfully 

storage upto 45, 70 and 85 days at 10°C (Gunasekaran, 1997) 
[19]. Srimathi (1997) [52] found that jamun seeds stored at 2 per 

cent moist sand at 10°C prolong the viability up to three 

months. Similarly, low temperature storage was found in 

many crops viz., jack at 10 °C (Shylla Merlin and Palanisamy, 

2000) [47], Calophyllum brasiliensis at 15 °C (Vasquez, 2001), 

Madhuca indica at 15 °C (Varghese et al., 2002) [59], arecanut 

at 20 °C (Raja et al., 2005) [42] and Embelia ribes at 10°C 

(Sivalingam et al., 2011). Coffee seeds are classified as 

intermediate seeds (Ellis et al., 1990; Hong & Ellis, 1996; 

Selmar et al., 2006) [16, 20, 46] because they require high 

moisture content during the storage and the shelf life of coffee 

seeds is relatively short (Dussert et al., 1997, Rahardjo, 2012) 
[13, 39]. The shelf life of coffee seeds will be longer if stored at 

low temperatures. Nasiro et al. (2017) [34] revealed that coffee 

seeds stored at 15ºC were still able to maintain their 

germination of 71-78% while being stored at room 

temperature (± 28 ºC) was only able to maintain seed 

germination of 43– 55%. Coffee seeds still germinate after 

being stored for 10 months at 15 °C and the moisture content 

of 10-11% (Ellis et al., 1990) [16]. The storage using low 

moisture content is contrary to the provisions of the 

Regulation of Ministry of Agriculture No. 89 (2013) which 

stated that the moisture content of coffee seed stored is 30-

40%. Nasiro et al. (2017) [34] showed that coffee seeds stored 

at 15 °C were able to maintain seed viability more than 80% 

for five months of storage while coffee seeds stored at room 

temperature only lasted for three months with a germination 

percentage of more than 80%. In contrast, Rosa et al. (2011) 
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[11] found that coffee seeds stored at 10–15 °C and 10-11% 

moisture content will produce poor quality seeds while if at 

20°C still produce good quality seeds. Apart from storage 

temperature, the germination rate is also influenced by the 

level of fruit maturity at harvest. Coffee seeds harvested from 

fully ripe fruit (physiologically ripe) have the most optimal 

germination compared to seeds harvested when still green or 

yellowish towards red (Rosa et al., 2011, Baliza et al., 2012) 
[11, 4]. 

Among the storage methods, the seeds stored in water at 15 

°C and at ambient conditions have recorded maximum 

electrical conductivity in seed leachate compared to the seeds 

stored at 15 °C (fig. 2). Similar results were observed in sub-

ambient temperatures due to the changes in membrane 

thickness and permeability by Wolfe (1978). Ching (1972) 

reported the increased permeability of cellular membrane 

would result in the leaching of organic and inorganic solvent 

in imbibing medium. Tamari (1976) [56] also reported the 

increased electrical conductivity at low temperature storage in 

Hopea seeds. Similar findings were reported in cocoa (Hor, 

1984) [21], Hancornia speciosa (Oliveria and Valio, 1992) [36], 

clove, nutmeg and rubber (Gunasekaran, 1997) [19], Jack 

(Shylla Merlin and Palanisamy, 2000) [47] and arecanut (Raja 

et al., 2005) [42]. In addition, free sugars of coffee seed 

leachate were increased with the advancement of storage 

period. The maximum free sugars were recorded in the coffee 

seeds stored in at 15 °C. However, the seeds stored at 15 °C 

recorded minimum values because of maintenance of better 

membrane integrity.  

 

Conclusion 

Obtaining commercially useful coffee seedlings is hindered 

by slow, uneven germination and low tolerance to desiccation 

as well as reduced coffee seed longevity. Coffee seeds have 

been considered recalcitrant, orthodox and even intermediate 

with varying results. However, after drying and storage, 

coffee seeds lose vigour, and seeds stored after drying cannot 

be used for producing seedlings. Coffee seedling producers 

usually sow seeds immediately or lightly dry them after 

harvest for a short storage period, if necessary. It is highly 

desirable that seeds are stored safely to optimize coffee 

seedling production at the appropriate time and season with 

ideal climatic conditions for planting in the field. Current 

recommendations suggest that coffee seeds can be safely 

stored between the seeds are viable for about 20 days only if 

stored under ambient condition. However, the seeds can be 

stored up to 80 days by storing in 300-gauge polythene bag at 

the temperature of 15 °C. 

 

Statistical analysis 

The analysis of variance was carried out and comparison was 

done by Duncan’s Multiple Range Test (DMRT). The mean 

difference is significant at the P-values < 0.05. Statistical 

analysis was performed using the SPSS 16.0 software (SPSS 

Inc., Chicago, USA). Data presented are means from four 

replicates with standard errors. Within each treatment, 

different letters at each column indicate significant 

differences by Duncan’s multiple range test at P<0.05.  
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Table 1: Effect of storage methods and period of storage on seed moisture (%) in coffee cv. Chandragiri 

 

 Days after storage 

Storage 

methods 
 0 10 20 30 40 50 60 70 80 90 Mean 

Ambient 

Storage 

(30±2°C) 

SM1 59.6±1.91a 33.4±0.66d 27.6±0.26e 21.7±6.42f 18.6±5.46e 15.3±4.39f 11.8±3.18g 9.2±2.33f 5.3±1.05f 59.6±1.91a 20.9±6.35e 

SM2 59.6±0.08a 52.4±0.41abc 45.1±0.88bcd 42.6±1.09cd 38.2±0.77b 32.5±0.59c 26.4±0.058c 21.2±0.29c 12.7±0.20c 59.6±0.08a 34.4±0.36bc 

SM3 59.6±0.68a 48.2±1.19abc 39.5±0.26d 34.2±0.83e 27.6±0.41cd 22.7±0.12de 17.6±0.058de 11.4±0.08de 7.2±0.02e 59.6±0.68a 27.6±0.68d 

SM4 59.6±1.45a 49.8±0.05abc 41.5±0.74cd 36.4±0.88de 31.8±0.296c 24.9±0.41d 19.5±0.41d 13.4±0.17d 8.6±0.20d 59.6±1.45a 29.5±0.20cd 

SM5 59.6±1.51a 41.6±0.62c 37.4±0.62d 31.9±0.62e 24.8±0.26d 18.6±0.20e 12.4±0.15f 9.7±0.15e 6.1±0.12e 59.6±1.51a 24.9±0.08d 

SM6 59.6±0.95a 42.8±0.80bc 38.4±0.29d 33.7±0.53e 25.4±0.29d 20.8±0.47de 14.5±0.12ef 10.4±0.08e 6.7±0.02e 59.6±0.95a 26.0±0.15d 

Refrigerated 

storage 

SM7 59.6±0.56a 58.7±0.88a 57.7±0.62a 55.9±0.32a 51.2±0.32a 45.4±0.08a 42.9±0.05a 32.8±0.26a 26.4±0.41a 59.6±0.56a 41.9±0.56a 

SM8 59.6±1.30a 58.2±1.24a 55.1±0.08ab 53.4±0.36ab 49.7±0.62a 41.3±0.12ab 38.6±0.36a 28.4±0.36a 17.6±0.15a 59.6±1.30a 40.6±0.15ab 

SM9 59.6±0.62a 57.6±0.26b 52.6±0.83abc 51.1±1.12bc 47.5±0.50b 38.8±0.47bc 37.3±0.26b 27.6±0.17b 16.8±0.36b 59.6±0.62a 39.7±0.74ab 

 Mean 59.6±0.57a 49.2±0.27f 43.9±0.74e 40.1±1.75e 35.0±0.48e 28.9±0.12e 24.6±0.79e 18.2±0.46e 11.9±1.47e 10.3±0.48e 32.2±0.21e 

 

Ambient storage(30±2°C) Refrigerated storage 

SM1 - Ambient Storage (control) SM4 - Seed in 10 % moist charcoal SM7 - Seed stored @ 15℃ 

SM2 - Seed in wood ash SM5 - Seed in 5 % moist sand SM8 - Seed stored @ 10℃ 

SM3 - Seed in 5 % moist charcoal SM6 - Seed in 10 % moist sand SM9 - Seed stored @ 5℃ 

 
Table 2: Effect of storage methods and period of storage on seed weight (g) in coffee cv. Chandragiri 

 

 Days after storage 

Storage methods  0 10 20 30 40 50 60 70 80 90 Mean 

Ambient 

Storage 

(30±2°C) 

SM1 11.7 ± 0.08 a 7.2 ± 0.12 g 6.3 ± 0.10 g 5.2 ± 0.08 h 3.8 ± 0.05 g 3.6 ± 0.02 i 2.7 ± 0.02 h 2.2 ± 0.01 h 1.7 ± 0.02 h 1.3 ± 0.02 i 4.6 ± 0.06 h 

SM2 11.7 ± 0.23 a 9.3 ± 0.14 c 8.9 ± 0.21 c 8.2 ± 0.20 d 7.5 ± 0.06 c 6.2 ± 0.11 d 5.5 ± 0.04 d 4.8 ± 0.09 d 4.4 ± 0.02 d 3.6 ± 0.06 e 7.0 ± 0.08 d 

SM3 11.7 ± 0.20 a 8.3 ± 0.13 e 7.3 ± 0.00 e 6.5 ± 0.03 f 5.8 ± 0.14 e 5.2 ± 0.05 f 4.6 ± 0.10 e 4.1 ± 0.04 e 3.8 ± 0.04 e 3.2 ± 0.02 f 6.1 ± 0.08 e 

SM4 11.7 ± 0.18 a 9.1 ± 0.03 c 8.4 ± 0.08 d 7.3 ± 0.14 e 6.9 ± 0.03 d 5.6 ± 0.00 e 5.3 ± 0.10 d 4.6 ± 0.01 d 4.1 ± 0.05 d 3.8 ± 0.08 d 6.7 ± 0.11 d 

SM5 11.7 ± 0.04 a 7.5 ± 0.15 f 6.9 ± 0.02 f 5.4 ± 0.04 g 5.1 ± 0.03 f 4.3 ± 0.02 h 3.8 ± 0.05 g 3.3 ± 0.03 g 3.1 ± 0.00 g 2.1 ± 0.02 h 5.3 ± 0.00 g 

SM6 11.7 ± 0.08 a 7.8 ± 0.13 d 7.1 ± 0.09 e 6.2 ± 0.04 g 5.3 ± 0.10 f 4.9 ± 0.03 g 4.1 ± 0.03 f 3.8 ± 0.00 f 2.6 ± 0.05 f 2.4 ± 0.05 g 5.6 ± 0.11 f 

Refrigerated 

storage 

SM7 11.7 ± 0.10 a 11.3 ± 0.04 a 10.9 ± 0.20 a 10.5 ± 0.13 a 10.1 ± 0.2 a 9.8 ± 0.02 a 8.9 ± 0.14 a 8.4 ± 0.16 a 8.1 ± 0.06 a 7.9 ± 0.11 a 9.8 ±0.12 a 

SM8 11.7 ± 0.20 a 11.1 ± 0.03 a 10.7 ± 0.08 b 10.3 ± 0.16 b 9.8 ± 0.07 b 9.5 ± 0.12 b 8.4 ± 0.06 b 8.1 ± 0.14 b 7.7 ± 0.11 b 7.3 ± 0.06 b 9.5 ± 0.16 b 
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SM9 11.7 ± 0.27 a 10.9 ± 0.24 a 10.5 ± 0.11 c 10.1 ± 0.04 c 9.6 ± 0.03 c 9.1 ± 0.15 c 8.0 ± 0.04 c 7.6 ± 0.09 c 7.2 ± 0.09 c 6.8± 0.07 c 9.2 ± 0.14 c 

 Mean 11.7 ±0.54 e 9.2 ±0.47 e 8.6 ±0.76 e 7.7 ±0.73 e 7.1 ±0.04 e 6.5 ±0.7 e 5.7 ±0.6 e 5.2 ±0.27 e 4.7 ±0.04 e 4.3 ±0.47 e 7.1 ±0.18 e 

 

Ambient storage(30±2°C) Refrigerated storage 

SM1 - Ambient Storage (control) SM4 - Seed in 10 % moist charcoal SM7 - Seed stored @ 15℃ 

SM2 - Seed in wood ash SM5 - Seed in 5 % moist sand SM8 - Seed stored @ 10℃ 

SM3 - Seed in 5 % moist charcoal SM6 - Seed in 10 % moist sand SM9 - Seed stored @ 5℃ 

 

 
Table 3: Effect of storage methods and period of storage on germination (%) in coffee cv. Chandragiri 

 

 Days after storage 

Storage methods  0 10 20 30 40 50 60 70 80 90 Mean 

Ambient 

Storage 

(30±2°C) 

SM1 78±0.83a 31±1.31bc 18±1.06c 0 0 0 0 0 0 0 13±21.25a 

SM2 78±0.47a 64±1.54ab 53±1.21abc 43±0.15b 35±0.12ab 22±0.05ab 12±0.20ab 8±0.17ab 0 0 32±0.17a 

SM3 78±0.98a 47±1.19bc 43±0.68bc 22±0.20b 19±1.41b 11±0.05a 7±0.12ab 3±0.18ab 0 0 23±0.47a 

SM4 78±1.09a 51±0.26bc 48±0.38bc 31±0.74b 25±0.47ab 14±1.12ae 9±0.05ab 5±0.14ab 0 0 26±0.56a 

SM5 78±0.77a 42±0.98c 36±0.62c 15±0.53b 12±0.12b 6±0.32ab 3±0.47abc 0 0 0 19±0.05a 

SM6 78±1.66a 45±1.19bc 41±0.77c 20±0.41b 17±0.15ab 8±0.058ab 4±0.76 ab 0 0 0 21±0.53a 

Refrigerated 

storage 

SM7 78±1.51a 73±1.66a 71±0.36a 67±1.30a 49±0.47a 41±0.47a 33±0.26a 21±0.29a 14 ±0.14a 0 45±0.68a 

SM8 78±0.53a 71±0.88a 69±0.77ab 53±0.62b 37±0.26ab 29±0.10ab 21±0.15ab 16±0.12a 12±0.26ab 0 39±0.74a 

SM9 78±0.74a 70±0.95a 62±1.04b 48±0.50b 31±0.56ab 24±0.20ab 15±0.08ab 10±0.29a 0 0 34±0.36a 

 Mean 78±0.77 e 55±0.71 e 49±0.14 e 33±0.96 e 25±0.87 e 17±0.46 e 12±0.73 e 7±0.33 e 3±0.77 e 0 28±0.46 e 

 

Ambient storage(30±2°C) Refrigerated storage 

SM1 - Ambient Storage (control) SM4 - Seed in 10 % moist charcoal SM7 - Seed stored @ 15℃ 

SM2 - Seed in wood ash SM5 - Seed in 5 % moist sand SM8 - Seed stored @ 10℃ 

SM3 - Seed in 5 % moist charcoal SM6 - Seed in 10 % moist sand SM9 - Seed stored @ 5℃ 

 

Table 4: Effect of storage methods and period of storage on vigour index in coffee cv. Chandragiri 
 

 Days after storage 

Storage methods  0 10 20 30 40 50 60 70 80 90 Mean 

Ambient 

Storage 

(30±2°C) 

SM1 226±75.09ac 38±1.54b 7±0.38c 0 0 0 0 0 0 0 27±0.28b 

SM2 226±5.29a 147±1.87b 101±0.65c 74±0.83cd 50±0.47cd 22±0.31cd 12±0.47cd 7±0.76d 0 0 64±0.95b 

SM3 226±4.21a 86±0.08b 65±0.83cde 32±0.17cde 20±0.15d 8±0.03e 6±0.08de 3±0.41d 0 0 45±0.62b 

SM4 226±5.62a 103±1.60b 82±1.30cd 46±0.59cde 32±0.36d 13±0.03de 8±0.08de 4±0.47d 0 0 51±0.20b 

SM5 226±1.40a 55±1.30bc 44±0.26ef 14±0.29de 9±0.05d 5±0.04e 3±0.14e 0 0 0 36±0.03b 

SM6 226±5.29ab 73±0.68bc 54±0.26def 22±0.29de 14±0.08d 6±0.01e 3±0.04e 0 0 0 40±0.77b 

Refrigerated 

storage 

SM7 226±1.41a 197±3.24a 184±0.24a 154±1.09a 104±0.05a 83±0.47a 60±0.53a 33±0.71a 17±0.17a 0 106±1.81a 

SM8 226±2.46a 185±3.69a 165±0.47b 117±1.69b 71±0.17b 45±0.24b 29±0.15b 18±0.05b 10±0.36ab 0 87±0.12a 

SM9 226±0.05d 175±0.45c 130±0.45f 87±0.78e 54±0.46d 31±0.24e 17±0.76de 9±0.49d 0 0 73±0.43c 

 Mean 226±0.04e 118±0.42 e 92±0.24 e 61±0.76 e 39±0.73 e 24±0.43 e 15±0.11 e 8±0.77 e 3±0.76 e 0 59±0.72 e 

 

Ambient storage(30±2°C) Refrigerated storage 

SM1 - Ambient Storage (control) SM4 - Seed in 10 % moist charcoal SM7 - Seed stored @ 15℃ 

SM2 - Seed in wood ash SM5 - Seed in 5 % moist sand SM8 - Seed stored @ 10℃ 

SM3 - Seed in 5 % moist charcoal SM6 - Seed in 10 % moist sand SM9 - Seed stored @ 5℃ 

 

Table 5: Effect of storage methods and period of storage on electrical conductivity (dS m-1) in coffee cv. Chandragiri 
 

 Days after storage 

Storage methods  0 10 20 30 40 50 60 70 80 90 Mean 

Ambient 

Storage 

(30±2°C) 

SM1 109±35.17a 190±62.62ab 347±114.68abc 541±1.85a 625±3.84a 688±2.68a 763±49.03a 939±109.65ab 1022±1.62ab 1056±1.41ab 628±9.72a 

SM2 109±0.17a 138±1.71ab 152±0.13bc 284±1.15g 329±7.88g 395±4.07e 441±4.11d 538±10.65de 611±1.86de 753±1.13bc 375±4.17f 

SM3 109±0.89a 157±3.33ab 215±0.89abc 354±2.98d 416±6.78d 547±7.14c 614±11.55b 715±17.46bc 798±16.597bc 887±2.26ab 481±10.79d 

SM4 109±0.77a 145±3.03aba 188±2.46abc 317±4.94f 358±8.33f 429±0.48d 553±5.48c 628±4.98cd 699±8.73cd 832±1.08abc 426±4.12e 

SM5 109±2.48a 185±1.33ab 283±6.63a 485±0.77b 549±11.73ab 642±2.62ab 723±0.61a 851±19.28a 963±2.05a 1011±1.53e 580±6.61b 

SM6 109±0.64a 172±4.31b 257±2.54ab 415±1.91c 567±7.96cd 628±2.93b 698±1.44a 759±9.79ab 849±1.67ab 971±17.11e 543±0.89c 

Refrigerated 

storage 

SM7 109±0.08a 112±2.36g 121±1.83c 186±0.61d 217±1.29g 293±0.12g 341± 1.01f 417±5.86ab 510±7.16e 526±8.49a 283±2.74i 

SM8 109±0.74a 115±0.13g 129±1.19c 212±2.42h 268±1.51b 324±4.32g 379±2.53ef 435±10.48e 524±5.91e 678±2.86d 317±7.758h 

SM9 109±2.65a 121±0.12f 148±0.05bc 234±1.36h 297±4.35g 357±5.54f 428±7.13de 489±9.64e 568±0.26de 713±11.12c 346±3.83g 

 Mean 109±2.14a 148±0.24d 204±0.47abc 336±0.17e 403±0.23d 478±0.46d 549±0.11e 641±2.71e 727±1.67e 825±0.18e 442±0.17e 

 

Ambient storage(30±2°C) Refrigerated storage 

SM1 - Ambient Storage (control) SM4 - Seed in 10 % moist charcoal SM7 - Seed stored @ 15℃ 

SM2 - Seed in wood ash SM5 - Seed in 5 % moist sand SM8 - Seed stored @ 10℃ 

SM3 - Seed in 5 % moist charcoal SM6 - Seed in 10 % moist sand SM9 - Seed stored @ 5℃ 
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Table. 6: Effect of storage methods and period of storage on free sugars (μg g-1) in coffee cv. Chandragiri 

 

 Days after storage 

Ambient 

Storage 

(30±2°C) 

SM1 0.76±0.08a 1.86±0.12a 2.04±0.05a 2.56±0.12a 2.98±0.273a 4.51±0.76ab 7.98±2.001abc 10.8±2.85abc 14.8±4.21abc 19.3±5.74abc 6.76±1.3de 

SM2 0.76±0.07a 1.38±0.03e 1.45±0.11d 1.58±0.15de 1.97±0.47bc 2.68±0.03cde 5.01±0cd 6.18±0,15bc 9.32±0.17abc 14.4±0.26ab 4.47±0.31bc 

SM3 0.76±0.01a 1.55±0.03cd 1.68±0.14c 1.82±0.07c 2.48±0.058a 3.36±0.08bc 6.58±0.17abc 7.41±0.12abc 11.8±0.29abc 16.4±0.20a 5.38±0.07bc 

SM4 0.76±0.04a 1.42±0.06de 1.54±0.03d 1.69±0.08cd 2.04±0.13b 3.11±0.05bcd 5.28±0.14bcd 7.03±0.03abc 10.1±0.15abc 15.7±0.26a 4.87±0.02a 

SM5 0.76±0.06a 1.74±0.04b 1.84±0.06b 2.37±0.24a 2.62±0.08a 4.29±0.09a 7.75±0.12a 9.83±0,14a 13.5±0.32a 18.1±0.36a 6.28±0.07a 

SM6 0.76±0.02a 1.67±0.03be 1.71±0.05c 2.08±0.05b 2.56±0.04a 3.72±0.03ab 7.28±0.24ab 8.54±0.07ab 12.4±0.20ab 17.2±0.41a 5.79±0.14b 

Refrigerated 

storage 

±SM7 0.76±0.04a 0.93±0.24g 1.15±0.23e 1.34±0.03f 1.57±0.23d 1.89±0.05e 3.28±0.033d 5.08±0.08c 7.34±0.14c 7.55±0.12c 3.09±0.06d 

SM8 0.76±0.08a 1.04±0.03g 1.26±0.13e 1.37±0.23f 1.69±0.08cd 2.04±0,13e 4.57±0.23cd 5.48±0.07bc 8.07±0.17bc 8.97±0.08bc 3.53±0.07d 

SM9 0.76±0.03a 1.21±0.46f 1.38±0.24d 1.46±0.21f 1.86±0,33bcd 2.31±0.47de 4.73±0.43cd 5.81±0.08bc 8.58±0.20bc 9.04±0.06bc 3.71±0.21e 

 Mean 0.76±0.07a 1.42±0.21de 1.56±0.21d 1.81±0.41e 2.20±0.26b 3.10±0.11bcd 5.83±0.28cd 7.35±0.27abc 10.66±0.24abc 14.07±0.11ab 4.88±0.7bc 

 

Ambient storage(30±2°C) Refrigerated storage 

SM1 - Ambient Storage (control) SM4 - Seed in 10 % moist charcoal SM7 - Seed stored @ 15℃ 

SM2 - Seed in wood ash SM5 - Seed in 5 % moist sand SM8 - Seed stored @ 10℃ 

SM3 - Seed in 5 % moist charcoal SM6 - Seed in 10 % moist sand SM9 - Seed stored @ 5℃ 

 

 

 
 

Fig 1: Effect of storage methods and period of storage on germination (%) and Vigour index in coffee cv. Chandragir 
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Fig 2: Effect of storage methods and period of storage on seed moisture (%) and Electrical conductivity (dS m-1) in coffee cv. chandragir 
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