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Abstract 
 
This research was conducted to investigate the efficacy of charcoal and ash 

in maintaining the quality of lettuce, cabbage, onion, pepper and carrot seeds 

during storage. The seeds were stored over charcoal and ash at a 

seed/material ratio of 1:1 and stored at room temperature (20°C) and at 35°C 

for 24 months. The control seeds were dried to between 5-6% seed moisture 

content and stored in hermetic packets at -20°C. Samples were collected from 

storage after 6, 12, 18, and 24 months and subjected to a germination test and 

ageing test at 45°C for 72 hours using 72% saturated sodium chloride (NaCl) 

solution. There was no difference between the seed viability for the controls 

and treatments after 6-12 months at 20 and 35°C between the two storage 

methods. However, seed quality declined at 18 months and 24 months. This 

was seen in lettuce, onion and carrot seeds more than pepper and cabbage 

at both storage temperatures. Similarly, seed vigour also reduced with 

extended storage to 18 and 24 months. Results showed ash and charcoal can 

be used to maintain seed quality over 12 months even at 35°C. 

1. Introduction 
 

The storage of high-quality seeds in controlled 
environments is important to ensure the availability 
of seeds to farmers for commercial and genepool 
conservation purposes. The seed moisture content 
and temperature play central roles in the 
maintenance of seed viability during storage 
(Roberts and Ellis, 1988; van Treuren et al., 2013; 
Hanson and Ellis, 2020). In tropical and sub-tropical 
environments, relative humidity and temperature 
often go up to 75% and 35°C during storage. When 
seeds are stored in non-hermetic media seeds 
absorb excess moisture beyond the safe level for 
optimum storage due to their hygroscopic nature 
(Dickie et al., 1990). Such environments also induce 
the proliferation of storage pathogens. Therefore, 
the ideal storage temperature and relative humidity 
for commercial seed storage is about 15-20°C and 

30-45% relative humidity for medium-term periods 
(6-18 months) (Demir and Ozcoban, 2007). 
However, maintaining such storage conditions is 
not easy in less developed countries due to high 
construction and electricity expenses. In this case, 
alternative storage structures may involve 
combinations of traditionally-available materials 
such as salt, lime, ash, charcoal, neem leaves, cow 
dung etc. to keep seeds dry during storage.  

Wood charcoal and ash are cheap, easily 
available and affordable materials. Due to their 
hygroscopic nature, they can be used to maintain 
low seed moisture and prolong the shelf life of 
seeds (Karthikeyan et al., 2009; Oguntade and 
Adekunle, 2009; Oyekale et al., 2014; Ashok and 
Gowda, 2017). Wood charcoal (Karthikeyan et al., 
2009; Oyekale et al., 2014; Ashok and Gowda, 
2017) and wood-ash were used to keep seeds at 
low moisture content (Oguntade and Adekule, 
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2009) and to deter without to the deleterious effects 
of storage pests (Wolfson et al. 1991; Gumaa and 
Elamin, 2015) during storage.  

This work was designed to test the effect of 
charcoal and ash on quality during storage for 
cabbage, carrot, lettuce, pepper, and onion seeds 
at two different temperatures. 

 
 

2. Material and Method 
 
Seeds of onion (Allium cepa L. cv. Bereket), 

lettuce (Lactuca sativa L. cv. Yedikule), cabbage 
(Brassica olarecea var. Capitata cv. Yalova-1), 
carrot (Daucus carota L. Maestro F1) and pepper 
(Capsicum annum L. cv. Yağlık-28) were purchased 
from seed companies.  

The seed moisture content was determined 
according to ISTA (2006) rules.  

   
2.1. Storage of control seeds 

 
The control seeds in each species were stored 

at -20°C with 5-6% seed moisture. These are the 
conditions in the seed gene bank for long-term 
storage. Seeds were dehydrated to 5-6% moisture 
content prior to storage. The seeds were weighed 
and dehydrated over silica gel in closed plastic 
boxes at the ratio of 1:5 at room temperature. The 
silica gel was regenerated every 48 hours at 105°C 
for 4 hours in a high temperature oven (Ellis et al., 
1990) to dry the excess moisture absorbed from the 
seeds.  

During the course of drying, the seeds were 
weighed twice a day to determine the decline in 
moisture content and determine the period when the 
seed moisture content will drop to 5-6% (Demir and 
Ozcoban, 2007). The formula below was used to 
calculate the seed moisture content during the 
course of dehydration. 

 

Seed m. c. (g) =
Initial weight × (100 − initial seed m. c. )

(100 − final seed m. c. %)
 

 
Following seed dehydration to the desired 

moisture content, they were placed into aluminium 
foil packets. Four packets were prepared for each 
species and seven hundred seeds were placed in 
each packet. Then packets were placed in -20°C. 
One sample was removed from storage after 6, 12, 
18 and 24 months. Of seeds in each packet, 200 
were used to conduct the germination test, 200 for 
the vigour test and the remaining 300 seeds were 
used to determine the seed moisture content.  

 
2.2. Seed storage over wood-charcoal and 
wood-ash 

 
Wood charcoal was collected from local charcoal 

vendors and then ground and sieved into fine forms. 
The charcoal powder was then dehydrated at 105°C 
for 24 hours and placed into tightly-closed plastic 

bottles at room temperature before use. The wood 
ash (oak ash) was collected from a kebab 
restaurant and dehydrated to the same values as 
the charcoal. The dried ash and charcoal were 
placed in plastic aging boxes (38 × 10 × 15 cm) and 
the seeds were placed in meshed cloth bags for 
ease of handling. The material to seed ratio in the 
storage was 1:1 (w/w). Twenty plastic boxes (2 
material × 5 species × 2 temperatures) were 
prepared with 10 at 35±3°C and the other 10 were 
stored at 20±3°C. Germination test and accelerated 
ageing tests were conducted on each sample taken 
from storage after 6, 12, 18 and 24 months for each 
species, drying method and storage temperature. 
The changes in seed moisture after every storage 
period for each sample were also calculated.  
 
2.3. Germination test  

 
Four replicates of fifty (4 × 50) seeds were used 

to determine germination percentage (GP). Prior to 
setting up the germination test, seeds were 
rehydrated for 24 hours at 100% relative humidity to 
eliminate potential negative impacts of imbibition 
damage on the seeds since they were very dry (Ellis 
et al., 1988).  

The seeds were sown between moist 
germination papers with two papers below and one 
on top and placed in a germination chamber for 7 
days for lettuce, 10 days for cabbage, 12 days for 
onion, and 14 days for carrot and pepper (ISTA 
2006). At the end of the stipulated germination 
duration (as stated above), normal seedlings were 
evaluated and referred to as the germination 
percentage. 
 
2.4. Accelerated aging test  

 
To determine the vigour of the seeds after the 

various storage durations, 200 seeds from each 
variety were aged over a saturated salt solution for 
72-hours duration.  

Forty grams of sodium chloride (NaCl, 76% 
relative humidity) was dissolved in 100 mL of water 
as described by Jianhua and McDonald (1996) and 
stirred diligently. Forty millilitres (40 ml) of saturated 
salt solution were placed in aging boxes (11 × 11 × 
5 cm) with a steel wire mesh (10 × 10 × 3 cm) and 
the seeds were placed on top of the wire mesh.  

The aging boxes with seeds in them were placed 
at room temperature (25°C) for 24 hours in the dark 
to enable the seed moisture to equilibrate within the 
lots. The aging boxes were covered with a plastic 
film to prevent inflow or outflow of moisture and 
placed in an incubator at 45°C (Jianhua and 
McDonald, 1996). After 72 hours, the seeds were 
removed and subjected to a germination test, and 
normal seedling percentages were evaluated.  

Results were analysed by using SPSS 
programme and the differences between drying 
methods in each sampling period were compared at 
5% level. 
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Table 1. Germination percentage of seeds of five different species stored at -20°C (Control) and over ash and charcoal for 

24 months at 20°C.  

Species Treatment 
Storage duration (month) 

Mean 
0 6 12 18 24 

Lettuce  

Charcoal 92 90a 89a 84ab 78b 87 

Ash  92 89a 86a 78b 74c 84 

Control 92 91a 88a 86a 84a 88 

Mean  92 90 88 83 79  

Cabbage 

Charcoal 92 91a 89b 84b 80b 87 
Ash  92 90a 89b 86b 76c 87 
Control 92 91a 92a 90a 87a 90 
Mean 92 91 90 87 81  

Onion 

Charcoal 98 94a 88b 85b 83b 89 
Ash  98 95a 89ab 84b 80b 89 
Control 98 96a 93a 92a 90a 94 
Mean  98 95 90 87 84  

Pepper 

Charcoal 98 93b 89a 87a 85a 90 
Ash  98 93b 90a 88a 84a 91 
Control 98 97a 92a 89a 87a 93 
Mean 98 94 90 88 85  

Carrot 

Charcoal 90 89a 84a 80a 74a 83 
Ash  90 89a 85a 80a 79a 84 
Control 90 88a 85a 81a 79a 85 
Mean 90 89 85 80 77  

Means with the same letters in the same sampling period and species were not significant (p<0.05) 

3. Results and Discussion 
 
3.1. Effects of storage on germination 
percentages 

 
Seed germination percentages were lower in 

control seeds compared to those stored in ash and 
charcoal for all five species at both temperatures 
throughout the storage period. However, the 
difference in each sampling period was not 
significant. Germination percentages of control 
seeds declined from 92 to 84% in lettuce, 92 to 87% 
in cabbage, 98 to 90% in onion, 98 to 87% in 
pepper, and 90 to 79% in carrot when seeds were 
stored at 20°C over 24 months (Table 1). The lowest 
mean germination percentages were seen in carrot 
at 77%, while the highest was observed in pepper 
at 85%. Mean germination percentages of seeds 
varied between 83 and 90% and 84 and 91% in 
charcoal and ash, respectively (Table 1). Seeds that 
were stored at -20°C had a range between 85 and 
93%. The difference between the four storage time 
samples of control, charcoal and ash seeds was 
significant (p<0.05) in three cases for cabbage and 
onion, two for lettuce, one for pepper and none for 
carrot seeds.  

Storage at 35°C reduced seed germination 
faster than those stored at 20°C. This was 
especially seen after 24 months of storage. At this 
sampling time, the lowest values were seen in ash-
stored lettuce and cabbage seeds at 61 and 67%, 
respectively (Table 2). At this temperature, the 
difference between ash-stored and charcoal-stored 
seeds and control seeds started to become 
significant (P<0.05) much earlier. The differences 
for all four samples of lettuce, onion and pepper 
were significant (p<0.05) starting at 12 months and 

thereafter in carrot and cabbage seeds. The lowest 
mean germination percentages were seen in lettuce 
seeds at the final sampling as 72%.  

Carrot and cabbage seeds had 75% and 77% 
mean germination, respectively. Pepper seeds had 
mean germination of 84% after 24 months of 
storage. The difference between mean germination 
percentages of ash and charcoal storage at 35°C 
and control seeds were mostly about 4-8% and did 
not extend more than 10%. The fastest germination 
loss was seen for lettuce which was stored in ash; 
seed germination declined from 92% before storage 
to 61% over 24 months.  

Seed moisture and temperature are two main 
factors that affect seed longevity (Demir and 
Ozcoban, 2007; Hanson and Ellis, 2020). Seed 
moisture is the key factor to maintain longevity 
during storage. For small-sized vegetable seeds, 
such as lettuce, onion, and cabbage, moisture for 
long-term storage is supposed to be 5-7% (Walters 
et al., 2005; Demir et al., 2016 a,b; Hay et al., 2019). 
As seed moisture increases seed longevity 
decreases (Hong et al., 2005). However, keeping 
seed moisture low at about 5-7% is not easy in 
tropical and sub-tropical regions where relative 
humidity remains high, i.e. 70%. When seeds are 
stored under non-hermetic (air and water proof) 
conditions, seeds equilibrate to the high relative 
humidity and seed moisture increases. This is a 
common phenomenon when seeds are kept at room 
temperature in unpacked conditions. When high 
seed moisture is combined with high temperature 
during the summer season in sub-tropical or tropical 
environments, seed longevity is greatly affected 
(van Treuren et al., 2013; Bradford et al., 2018).   

Medium term seed storage until the next 
production season comprises about 6-18 months. 
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Table 2. Germination percentage of seeds of five different species stored at -20°C (Control) and over ash and charcoal for 
24 months at 35°C.  

Species Treatment 
Storage duration (month) 

Mean 
0 6 12 18 24 

Lettuce  

Charcoal 92 88a 80b 75b 70b 81 

Ash  92 85b 81b 73b 61c 78 

Control 92 90a 88a 86a 84a 88 

Mean  92 87 83 78 72  

Cabbage 

Charcoal 92 90a 85b 83b 76b 85 
Ash  92 88a 84b 80c 67c 82 
Control 92 91a 92a 90a 87a 90 
Mean 92 90 87 84 77  

Onion 

Charcoal 98 89b 84b 82b 78b 86 
Ash  98 90b 87b 82b 74b 86 
Control 98 96a 94a 92a 89a 94 
Mean  98 93 88 85 80  

Pepper 

Charcoal 98 91b 89b 83b 81b 88 
Ash  98 90b 87b 82b 74c 86 
Control 98 96a 94a 92a 90a 94 
Mean 98 92 90 87 84  

Carrot 

Charcoal 90 86a 80b 77b 71b 81 
Ash  90 87a 86ab 77b 70b 82 
Control 90 89a 87a 85a 83a 87 
Mean 90 87 84 80 75  

Means with the same letters in the same sampling period and species were not significant (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our experience showed that vegetable species can 
be stored with 5-7% seed moisture at about 20°C in 
hermetic conditions (Demir and Ozcoban, 2007; 
Demir et al., 2016 a, b) over that period. Such 
conditions are easy to meet in developed countries. 
However, low-income farmers and countries may 
not easily provide such conditions due to economic 
reasons. Under tropical climate conditions, 
elements of weather such temperature and relative 
humidity pose challenges to open air seed storage 
or in-situ or on-farm seed storage techniques which 
are common in developing countries (Ellis, 1991; 
Bradford, 2018). Carrot and lettuce seeds stored in 
paper bags under ambient conditions at 20°C and 
approximately 50% relative humidity exhibited great 
decline in seed germination during the storage 
period. The decline in germination percentage of 
lettuce seeds was faster (Nagel and Börner, 2010). 
Use of cheap and easily available materials can be 
an alternative method to keep seeds dry. There are 
number of various materials but ash and charcoal 
are widely used (Karthikeyan et al., 2009; Oyekale 
et al., 2014; Ashok and Gowda, 2017).  

Our results also indicate that both can be used 
to maintain quality over 12 months in five species 
(Tables 1 and 2). Some species were found to lose 
seed quality earlier than others. Lettuce, onion and 
carrot appear to be more sensitive species than 
pepper and cabbage. Longevity changed according 
to species. Seeds of some species are inherently 
sensitive to longevity (Walters et al., 2005). 
Charcoal and ash keep seed moisture low during 
storage (Table 5). Our results are in agreement with 
the earlier findings that ash and charcoal keep 
seeds dry and can be used to maintain seed quality 
(Karthikeyan et al., 2009; Oguntade and Adekule, 
2009; Oyekale et al., 2014; Ashok and Gowda, 
2017).    

3.2. Effects of storage on seed vigour 
 
Seed vigour test results for seeds stored at 20°C 

indicated that the most resilient species is pepper. 
In this species, germination after ageing test was 81 
and 83% after 24 months, while these values were 
61 and 67% in lettuce, 68 and 66% in cabbage, 34 
and 56% in onion, and 66% in carrot seeds for ash 
and charcoal storage, respectively (Table 3). Seed 
vigour of ash-stored onion seeds drastically 
reduced to 38 and 34% with storage to 18 and 24 
months. Onion seeds lost seed vigour faster than 
other species. Mean onion seed germination 
percentage after 24 months was 57%; this value 
was highest for pepper at 83%. Pepper seeds lost 
vigour in germination of just about 10% (93-83%) 
from the beginning until the end of the storage, but 
this value went up to 17% in carrot, 19% in cabbage 
and lettuce, and 38% (95-57%) in onion seeds 
(Table 3). 

Storage at 35°C more drastically reduced seed 
vigour germination. The minimum reduction was 
seen in the control seeds. Pepper seeds had the 
highest vigour germination at 77% for mean 
germination after 24 months of storage (Table 4). 
Onion and lettuce seeds had the lowest mean 
values at 45 and 54%, respectively. Carrot and 
cabbage seeds had 59 and 67% after the same 
storage period.  

Charcoal and ash onion seeds lost vigour by the 
end of storage. Vigour germination was reduced to 
25 and 27%. Such low values were not seen in any 
other species. In all species, vigour was lost at 35°C 
storage starting with the first (6 months) or second 
(12 months) samplings.  

Seed vigour is a part of seed quality, which deals 
with seed emergence performance in field 
conditions and storability. Occurrence of seed 
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Table 3. Germination of seeds of five species stored at -20°C (control) and over ash and charcoal at 20°C after ageing 
test.  

Species Treatment 
Storage duration (month) Vigour (%) 

Mean 
0 6 12 18 24 

Lettuce  

Charcoal 88 87b 81b 77a 67b 80 

Ash  88 86b 77c 70b 61c 76 

Control 88 91a 89a 84a 78a 86 

Mean  88 88 82 77 69  

Cabbage 

Charcoal 90 85b 78b 73b 66b 78 
Ash  90 82b 78b 73b 68b 78 
Control 90 89a 85a 83a 78a 85 
Mean 90 85 80 76 71  

Onion 

Charcoal 95 83b 74b 66b 56b 75 
Ash  95 84b 67b 38c 34c 64 
Control 95 94a 89a 86a 82a 89 
Mean  95 87 77 63 57  

Pepper 

Charcoal 93 93a 85b 85a 83a 88 
Ash  93 93a 88a 86a 81a 88 
Control 93 91a 89a 87a 85a 89 
Mean 93 92 86 86 83  

Carrot 

Charcoal 82 77a 74a 69a 66a 74 
Ash  82 77a 72a 69a 66a 73 
Control 82 81a 75a 70a 64a 74 
Mean 82 78 74 69 65  

Means with the same letters in the same sampling period and species were not significant (p<0.05) 

 
Table 4. Germination of seeds of five species stored at -20°C (control) and over ash and charcoal at 35°C after ageing 

test.  

Species Treatment 
Storage duration (month) Vigour (%) 

Mean 
0 6 12 18 24 

Lettuce  

Charcoal 88 76b 73b 66b 40b 55 

Ash  88 74b 73b 53c 43b 66 

Control 88 91a 89a 84a 78a 86 

Mean  88 80 78 68 54  

Cabbage 

Charcoal 90 79a 71c 62c 60b 72 
Ash  90 78a 75b 70b 62b 75 
Control 90 89a 85a 83a 78a 85 
Mean 90 82 77 72 67  

Onion 

Charcoal 95 87ab 65b 40b 25b 62 
Ash  95 83b 61b 46b 27b 62 
Control 95 91a 88a 86a 82a 88 
Mean  95 87 71 57 45  

Pepper 

Charcoal 93 88b 85b 79b 73b 83 
Ash  93 89b  83ab 77b 72b 83 
Control 93 91a 88a 86a 85a 89 
Mean 93 89 85 81 77  

Carrot 

Charcoal 82 74a 69b 65b 58a 70 
Ash  82 75a 68b 65b 56a 69 
Control 82 81a 76a 70a 64a 75 
Mean 82 77 71 67 59  

Means with the same letters in the same sampling period and species were not significant (p<0.05) 

 

 

 

 

 

 

 

vigour in general precedes seed germination. 
Accelerated ageing is a vigour test commonly used 
in a wide range of crop seeds (Demir and Mavi, 
2007; Guloksuz and Demir, 2012).  

Seed vigour values / germination after 
accelerated ageing test presented in Tables 3 and 
4 showed that vigour loss occurs earlier than 
germination loss and accelerates as storage 
duration extends. Moreover, storage at higher 
temperature reduces seed vigour than storage at 
20°C. Seed vigour of species was higher in earlier 
storage periods, i.e. 6 and 12 months.  

Our results showed that charcoal and ash 
storage not only preserves seed germination but 
also seed vigour and hence field emergence 
potential. This is in agreement with the findings of 
Karthikeyan et al. (2009).  
 
3.3. Changes in seed moisture during storage 

 
Seeds stored both charcoal and ash lost seed 

moisture gradually during the extended storage 
period. Seed moisture loss was slightly faster at 
35°C compared to 20°C. However, the difference 
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Table 5. Changes in seed moisture contents of stored five vegetable species seeds in ash or charcoal during 24 months 
at 20°C and 35°C (italic number). Seed moisture in controls was set with silica gel and hermetic storage at -20°C.  

Species Treatment 
Storage duration (month)  

0 6 12 18 24 

Lettuce  

Charcoal 8.1  7.9/7.6 7.8/7.0 6.7/6.4 5.9/4.8 

Ash  8.1 7.8/7.3 6.9/6.6 6.1/6.1 5.2/5.3 

Control 6.2 6.2 6.2 6.2 6.2 

Cabbage 
Charcoal 8.4 7.9/7.7 6.5/6.3 5.3/5.4 5.2/4.5 
Ash  8.4 7.6/7.3 6.6/6.1 6.0/5.3 5.2/5.2  
Control 6.3 5.9 5.8 5.8 6.1 

Onion 
Charcoal 10.1 9.3/9.8 8.8/8.3 8.3/7.5 7.3/6.1 
Ash  10.1 9.4/9.4 8.7/8.5 8.1/7.2 7.1/6.3 
Control 6.0 5.7 5.4 5.3 5.3 

Pepper 
Charcoal 8.3 7.6/7.8 7.0/6.3 6.5/5.5 6.3/4.3 
Ash  8.3 7.3/7.1 6.9/6.4 6.5/5.4 6.2/4.4 
Control 6.0 5.2 5.2 5.1 5.1 

Carrot 
Charcoal 8.1 7.3/7.6 7.2/6.7 6.6/6.7 6.3/6.0 

Ash  8.1  7.3/7.3 7.2/7.1 6.6/6.3 6.3/5.7 
Control 6.1 5.5 5.5 5.4 5.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was up to 1% in some species like pepper over 24 
months. By the end of 24 months of storage, seed 
moisture ranged about 5±1% in all species except 
onion where seeds stored at 20°C had about 7% 
moisture. The highest initial seed moisture among 
all species was for onion at 10.1%. Initial seed 
moisture in the other four species seeds was about 
8.1-8.4%. Control of seed moisture content 
remained between 5 and 6% throughout storage 
(Table 5).  

One of the important issues with use of such 
materials is the proportion of seed and material. We 
used 1:1 in our work. This rate was beneficial for 
drying rice according to Hay et al. (2012). Our 
earlier experience also showed this proportion was 
appropriate. However, the use of higher material 
proportions may cause extreme drying in seeds 
during long-term storage and very low seed 
moisture (<5%) which may be deleterious for seed 
quality through damaged cell structure (Demir and 
Ozcoban, 2007; Ashok and Gowda, 2017). In our 
work, seed moisture declined in some of the 
samples to below 5% during extended storage 
periods (i.e. 24 months). Pepper and cabbage seed 
moisture was reduced to about 4.3-4.5% after 24 
months of storage at 35°C. We left seeds at 100% 
relative humidity before germination testing to avoid 
seed imbibition damage, which is a common 
procedure in seed gene banks (van Treuren et al., 
2013). The control seeds in our study were stored 
at -20°C with 5-7% seed moisture. This replicates 
seed gene bank conditions (Hay et al., 2019) 
without and are supposed to be the ideal conditions 
for very long-term storage.  

Seeds stored with ash and charcoal germinated 
as well as those of control seeds during earlier 
stages of storage, i.e. 6 or 12 month (Tables 1 and 
2). This was seen in seeds stored at both 
temperatures (Tables 1 and 2). Storage at 35°C 
reduced germination faster than for storage at 20°C 
during extended storage periods of 18 and 24 
months (Table 2). This showed the negative effect 

of high temperature on longevity (Dickie et al., 
1990).  

 
 

4. Conclusion 
 
The result of the present work showed that 

storage of lettuce, cabbage, pepper, onion and 
carrot seeds in charcoal and ash kept seeds dry and 
preserved germination and seed vigour over 12 
months at 20 and 35°C. When seed storage was 
extended to 18 and 24 months seed quality started 
to decline, particularly at 35°C. This reduction was 
seen more for seed vigour than germination. Pepper 
appeared to be the most resilient species and 
lettuce and onion are the most sensitive ones. In 
conclusion, charcoal and ash storage has potential 
as alternative cheap and easy storage methods for 
low income farmers and small seed production 
enterprises. 
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