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ABSTRACT 

The Physiological quality of the seed is challenged by processing and handling methods 

especially drying methods, packaging materials, storage method used and time. A comparable 

study was conducted to evaluate influences of different seeds’ drying methods, packaging 

materials and storage period on tomato, green gram, onion and amaranth.  A Randomized 

complete Block Design (RCBD) factorial experiment with four factors (crop types, seed storage 

period, packaging materials and drying methods (4 x 4 x 2 x 2) resulted in a combination of 32 

treatments used. Results revealed that there was highly significant difference (P<.001) among 

treatments over seed qualities. It was observed that seeds dried with zeolite beads and stored with 

air tight container had good seed quality over seeds dried under sun and stored with cloth bag. 

Seed dried using zeolite beads and stored with airtight container except amaranth showed higher 

germination percentage (green gram 74), (onion 87) and (tomato, 80), field emergence 

percentage (green gram 70), (onion 83) and (tomato 79)  and vigour index I (green gram 1070), 

(onion 987) and (tomato, 1122) compared to germination percentage of sundried seeds stored 

with cloth bag (green gram 18), (onion 64), (tomato, 60), field emergence percentage (green 

gram 15), (onion 61), (tomato, 58)  and vigour Index I (green gram 226), (onion 653), (tomato, 

768) after 18 months of storage. 

Keywords: Desiccants, Zeolite beads, Seed drying, Seed storability, Seed quality, Green gram 

(Vigna radiata L) 
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1.0 INTRODUCTION 

Agricultural crop production highly depends on quality seeds. The longevity of seeds during 

storage is highly sensitive to relative humidity and temperature [3]. Generally, the duration of 

seed viability (germination capacity) in storage is reduced by half for every 1% increase in 

Moisture content (fresh weight basis) or 5% increase in temperature [3],[11]. This principle 

implies that seed storage life can be enhanced considerably by lowering both moisture and 

temperature. The maintenance of seed viability, tissue and cell morphological integrity, and 

genetic material stability may be possible with the use of ultra-dry storage technologies in 

agriculture and forestry [24]. However, moisture content is the key factor that can be lowered for 

successful seed storage in tropical countries. Cold storage is expensive and difficult to maintain 

because the electricity supplies are often inconsistent and unreliable. In addition, seeds that are 

dried to low moisture contents are more tolerant of storage at warm temperatures. However, even 

prolonged sun drying in high humidities cannot reduce seed moisture content to safe moisture 

content for assurance of long-term viability. Seeds are hygroscopic in nature, and their MC 

change in response to the relative humidity (RH) of the air surrounding the [2].  Seed storage is 

major problem in most part of Tanzania because the majority of the seed companies/farmers are 

located in the tropics, where the combination of high temperature and high relative humidity is 

obvious, which causes rapid deterioration of seed quality. The relative humidity mostly exceeds 

75% and temperatures remain above 20°C between harvesting and next planting, causing seeds 

to deteriorate rapidly.  Generally, seeds are dried under the sun, if the crop is harvested during 

rainy season or under cloudy atmosphere which is very difficult to dry the seed to low moisture 

content suitable for longer storage unless mechanized drying equipment are employed. In such 

climates high temperature and humidity combine to cause rapid deterioration of seeds under 

ambient storage conditions result in poor quality seeds such as poor stand establishment, lower 

productivity and disincentive to invest in improved seeds.  

Therefore, there is a need for low cost drying methods to be used as alternatives of such 

expensive seed drying equipment. In order to maintain safe moisture content of seed for storage 

and during storage, a well-designed drying technique/method that suits for all categories of seed 

producers located in different climatic zones is of paramount important. As an alternative 

desiccant drying technology, seed drying using zeolite beads are modified ceramic materials 

(aluminum silicates or “zeolites”) that specifically absorb and hold water molecules very tightly 

in their microscopic pores. When placed in an enclosed space like a plastic or metal container, 

the beads will remove water from the air, creating and maintaining a very low humidity 

environment. Seeds placed into a container with the beads will lose water due to the low air 

humidity, and will continue to do so until they come to equilibrium. Hence, desiccant-based 

drying simply transfers the water in the seed to the drying beads through the air without the need 
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for heating. Beads can be enclosed in a porous bag or container within the hermetic container 

with the seeds for convenience in separation. 

2.0 MATERIAL AND METHODS 

The experiment was conducted at Agricultural Research Institute, Tengeru in Tanzania. The 

freshly harvested seeds of green gram, onion, amaranths and tomato with different moisture 

contents were collected and dried using zeolite beads in a ratio of 1:1 (100g seeds: 100g zeolite 

beads) and under sun (250C, RH 80%). Both drying methods took 72hrs for drying seed. The 

dried seed using zeolite beads and sun were stored using cloth bag and airtight container for (18) 

eighteen months. Seed quality testing was conducted at the interval of (6) six months. Seeds of 

four seed crops (4) green gram, onion, amaranths and tomato seed with varying moisture 

contents were used to asses effect zeolite beads, drying technology and storage materials on seed 

storability and seed quality under ambient conditions.  

2.1 Drying and storage methods 

Seeds with initial moisture content, green gram 11.62%, and onion 9.82%, amaranths 21.44% 

and tomato 15.55% were both dried under sun and using zeolite beads. A zeolite beads with a 

ratio of (1:1) was used for drying seed in airtight plastic containers for seventy two hours 

(72hrs). The beads were enclosed in a porous bag into the hermetic container with the seeds for 

convenient separation. The beads were subsequently removed and regenerated separately by 

heating at a temperature >200°C in an oven for 2 hours to release the absorbed water.  

Sun drying involved drying of amaranths, green gram, onion and tomato seeds by spreading in a 

thin layer on ground at a temperature of  25+1oC and a relative humidity of about 80% for 

seventy two hours (72hrs), with duration of 8 hours in a day. 

After seed drying hundred (100) grams of seeds in each crop were replicated three times and kept 

in airtight containers and cloth bags for 18 months under ambient conditions. Data were recorded 

at the interval of six (6) months by adopting the standard procedures as detailed below. 

2.2 Collection of Experimental Data 

2.2.1 Moisture content (%) 

Moisture content was determined using the constant high-temperature oven method according to 

[8]. Seed samples were thoroughly mixed by placing the opening of the nylon container against 

the side of a similar empty container and pouring the seeds back and forth between the two 

containers for about 1 minute. Three subsamples were drawn from different parts of the 
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container with sample and then mixed to form a working sample of 5 g. The process was 

repeated to obtain a duplicate working sample.  

Green gram seed were grounded to coarse powder and two samples of 5g each were dried in an 

oven at 130oC for an hour. Two samples of onion seed of 5 grams each were dried in an oven at 

104oC for an hour. For tomato and amaranths seed, 5 grams of two seed samples were dried in an 

oven at 130oC for an hour. Containers and their lids were weighed and recorded as M1, then 

containers were filled with samples and labeled M2. After filling and weighing the containers 

and their lids with samples, were rapidly placed into an oven. After drying period, the containers 

with their lids were placed into a desiccator for thirty minutes to cool; the containers with lids 

and dried sample were weighed and recorded as M3. The moisture content was calculated as 

follows. 

Moisture content (M. C) =    Loss of weight                  M2 – M3 

                                             ------------------ X 100 =   ------------- X 100 

                                               Initial weight                   M2- M1 

Hereby:  M1 Weight in grams of the container and its cover.  

M2 Weight in grams of the container, its cover, and its contents before drying,  

M3 Weight in grams of the container, its cover, and its contents after drying. 

2.2.2 Germination percentage 

Germination test was conducted on pure seed fraction using 100 seeds in four replicates 

following sand method. The sand was sieved into 2mm and sterilized at 1500C using an oven. 

The seed samples were placed in the germination chamber at 250Ctemperature and 90+3 per cent 

relative humidity [8]. The germinated seeds were evaluated into normal, abnormal seedlings and 

dead seeds on 7th, 8th, 12th and 14th day after planting for green gram, amaranths, onion and 

tomato respectively. The germination per cent was calculated based on the number of normal 

seedlings evaluated. 

2.2.3 Vigour index 1 

The vigour index was calculated by adopting the method suggested by [1] and were expressed as 

the whole number. 
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Seedling Vigour Index I (SVI-I)   = Germination (%) x Seedling length (cm) 

2.2.4 Field emergence percentage 

Twenty five seeds in four replications were taken randomly for each treatment and planted in a 

well prepared media in a plastic container. Seeds were sown equidistantly and watered to 

maintain the optimum soil moisture for emergence. The number of normal seedlings emerged 

three centimeters above the soil surface were counted on 15th day after sowing and expressed as 

field emergence in percentage [10]. 

2.3 Statistical analysis 

A Randomized complete block design factorial experiment with four factors (crop types, seed 

storage period, packaging materials and drying methods-4 x 4 x 2 x 2) resulted in 32 treatments 

combination were used. Data obtained were analysed by using Analysis of Variance (ANOVA) 

technique [6]. Standard error of difference was calculated for each treatment effect and critical 

difference (CD) was calculated at 5 percent probability level to compare the mean difference 

among the treatments using GenStat 16th edition computer statistical software. 

3. RESULTS AND DISCUSION  

3.1 Effects of zeolite beads on seed drying and storage on seed quality 

3.1.1 Moisture content percentage 

Seeds with initial moisture content, green gram 11.62%, Onion 9.82%, Amaranthus 21.44% and 

Tomato 15.55% before drying and storage using desiccants zeolite beads had a remarkable effect 

on seed moisture content and maintenance of seed viability and vigour during (18) eighteen 

months of seed storage. 

Seeds dried using zeolite beads in airtight container observed lowest moisture content after 72 

hours of seed drying and maintained lowest moisture throughout storage period (Figure 1). 

Zeolite beads reduced the moisture content from 11.62 to 7.13% green gram, 9.82 to 5.76% 

onion, 21.44 to 11.48% Amaranth and 15.55 to 5.76% tomato seeds. In the present study zeolite 

beads dried both seeds to lower moisture, this may be due to highly polar surface within the 

pores which is main driving force for moisture adsorption from the seeds, similar results on 

zeolite beads was reported by [14] who dried soya bean to 8.56 % moisture content using silica 

gel and store in pearl pet jars for six months. [21] used zeolite beads to dry mung bean seeds 

from 10-6% moisture content. [13] dried tomato seeds using  desiccant zeolite beads seed ratio  

(1:1) from 17 to 4.4 %  thereby seed viability and vigour can be extended for a long period. 
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Seeds dried under sun and stored in cloth bags, moisture per cent keep fluctuated with 

environmental conditions (Figure 2) the open sun dried method and cloth bag storage led to 

moisture content fluctuation as seeds were exposed to external relative humidity and temperature 

in order to equilibrate with surrounding environment. The change in seed moisture during 

storage in cloth bag might be the reason responsible for faster seed deterioration through its 

effect on cell membrane, the loss of structural integrity of membrane upon dehydration of seeds 

and its retention affect viability of seeds. Similar result was found by [9] and [17]. 

 
 

       Figure 1: Moisture content seeds dried with zeolite                 Figure 2: Moisture content seeds dried under  

                  beads and stored in airtight container                                                sun and stored in cloth bag 

3.1.2 Germination percentage 

Viability of many seeds is reduced by half within six months under ambient storage conditions 

[20]. This is in line with a study by [12] who finds that seeds stored under ambient conditions 

(16–30 C and 30% RH) deteriorate at a faster rate and have lower germination and vigor as 

compared to those seeds stored under closed conditions for 27 months. Henceforth, it is very 

crucial for seed moisture and storage temperature to be kept low to improve storability. [4] in 

studying the effects of temperature and relative humidity on the viability of bean seeds stored 

under stockists store condition observed that, seeds stored under mean maximum temperature 

and relative humidity of 30.8 °C and 80.1% Relative humidity respectively showed a rapid 

decrease in viability of bean seed (Phaseolus vulgaris) and went below the accepted levels after 
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one month of storage. In the current study, except amaranthus, when green gram, Onion, and 

tomato seeds were dried to a moisture content of 7.13%, 5.76%, and 5.76% with zeolite beads 

respectively, the germination per cent was not statistically influenced and ageing of seeds is 

minimized at low moisture during storage. 

The seed deterioration which results to poor germinability and vigour during storage is 

inevitable. Reduction of quality during storage is mostly caused by relative humidity, 

temperature and storage containers [16]. The present study revealed that the initial germination 

were 94%, 92%, 91% and 88% for green gram, onion, amaranthus and tomato respectively. 

Except amaranthus, a high significant effect on seed germination percentages was observed 

using desiccants zeolite beads (Table 1).  Seeds dried and stored in airtight container with 

desiccants zeolite beads maintained high germination percentage throughout the storage period 

as follows green gram (74%), (Plate 1) Onion (88%), Amaranthus (91%) and tomato (80%) 

(Figure 3). The retention of high seed viability might be due to lowering of seed moisture at 

ultra dry conditions during storage which resulted to low seed respiration and maintenance of 

cell membrane. Similar results was reported by [21] drying of mung bean seeds using zeolite 

beads to 6%, low moisture content and hermetic storage delayed loss of seed viability at ambient 

temperature and maintained germination above 90% compared to cloth bag 79% after nine 

months of seed storage. 

Except Amaranthus, seeds dried under sun and stored in cloth bag recorded lowest germination 

percentage after 18 months of storage (Figure 4) i.e. Green gram 18%, Onion 65%, Amaranthus 

90%, tomato 61% This is mainly because of higher and fluctuating moisture content during 

storage period. This is in accordance with the findings of [7] in cowpea, [19] in brinjal. 
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            Figure 3: Germination percentage seeds dried with           Figure 4: Germination percentage seeds dried  
                      zeolitebeads stored in airtight container                               under sun stored in a cloth bag 

 

 
 

Plate 1: Germination percentage of green gram seeds after 18 months of storage, (left) seed 

dried with zeolite beads and stored in airtight container, (right) seeds dried under sun 

stored in cloth bag. 
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3.1.3 Seedling Vigour Index 1 

Seedling vigour is an important parameter in assessing seed quality. In the current study, 

seedling vigour as reflected in root and shoot length was higher in seeds dried using zeolite beads 

and stored in airtight container which recorded higher seedling vigour index I (Plate 2), 

compared to seeds dried under sun and stored in a cloth bag. Lower moisture maintained in a 

airtight container might be responsible for higher germination, seedling length and seedling 

vigour index  as reported by [24] in lab lab seeds after six month of seed storage, [15] reported 

higher vigour index of 1097 in chilli seeds after 9 months of storage. In addition [18] reported 

that onion seeds were dried with silica gel to 5.3% seed moisture content and stored in polythene 

bag maintained higher vigour index I of 474 after 20 months of seed storage compared to cloth 

bag 413.  

 

Plate 2: Tomato seedling showing vigorous growth for seeds dried with zeolite beads and 

stored in airtight container (Left) and for seeds dried under sun and stored in cloth bag 

(Right) 
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3.1.4 Field emergence percentage 

High quality seeds lead to higher plant population with healthy and uniform seedlings. In the 

current study, seeds dried and stored with zeolite beads took significantly less days to 50 per cent 

of emergence as compared to seeds dried under sun and stored in a cloth bag. Seeds dried with 

zeolite and stored in airtight container revealed higher seedling quality with respect to 

germination, vigour index and field emergence. These are in accordance with the findings of [5] 

who observed higher field emergence of 75% for soybean seeds dried to safer moisture content 

and stored in impervious poly-line jute canvas compared to previous jute canvas (71%) after one 

year of storage, also [22] observed higher field emergence of 81% for rice seeds stored in airtight 

container with zeolite beads after 16 months. 

Table 1: Effects of zeolite beads on seed drying and storage on seed quality 

Treatment combination Germination Emergency Index-I   

Amaranthus Sun dried & stored in cloth bag 0 91.33n 90.67q 1187lm   

Amaranthus Sun dried & stored in cloth bag 6 90.67mn 89.67opq 1200lm   

Amaranthus Sun dried & stored in cloth bag 12 90.67mn 88.67no 1203lmn   

Amaranthus Sun dried & stored in cloth bag 18 90lmn 88mn 1167kl   

Amaranthus Zeolite beads Dried & Stored in airtight container 0 91.33n 90.33pq 1187lm   

Amaranthus Zeolite beads Dried & Stored in airtight container 6 90.67mn 90.67q 1188lm   

Amaranthus Zeolite beads Dried & Stored in airtight container 12 90.67mn 89.33op 1179klm   

Amaranthus Zeolite beads Dried & Stored in airtight container 18 91mn 90.33pq 1186lm   

      

Green gram Sun dried & stored in cloth bag 0 93.67o 93.33r 1477p   

Green gram Sun dried & stored in cloth bag 6 74.67f 72.33g 1177klm   

Green gram Sun dried & stored in cloth bag 12 40.67b 38.33b 537b   

Green gram Sun dried & stored in cloth bag 18 18.33a 15.33a 226a   

Green gram Zeolite beads Dried & Stored in airtight container 0 93.67o 92.67r 1477p   

Green gram Zeolite beads Dried & Stored in airtight container 6 87.33j 85.67l 1364o   

Green gram Zeolite beads Dried & Stored in airtight container 12 75.67fg 70.67f 1097hi   

Green gram Zeolite beads Dried & Stored in airtight container 18 74f 70.33f 1070h   

      

Onion Sun dried & stored in cloth bag 0 91.67n 90.33pq 1125ij   

Onion Sun dried & stored in cloth bag 6 85.33i 80.67j 1027fg   

Onion Sun dried & stored in cloth bag 12 77g 75.33h 842e   

Onion Sun dried & stored in cloth bag 18 64.67d 61.33d 653c   

Onion Zeolite beads Dried & Stored in airtight container 0 91.67n 90pq 1125ij   

Onion Zeolite beads Dried & Stored in airtight container 6 90.33mn 89.67opq 1093hi   

Onion Zeolite beads Dried & Stored in airtight container 12 89.33klm 87.33m 1013fg   

Onion Zeolite beads Dried & Stored in airtight container 18 87.67jk 83.67k 987fg   

      

Tomato Sun dried & stored in cloth bag 0 88.33jkl 87.67mn 1243n   

Tomato Sun dried & stored in cloth bag 6 85.67i 83.67k 1187lm   
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4. CONCLUSION 

Therefore, from experiment it can be conclude that zeolite beads drying of seeds to lower 

moisture content prior storage is the one of an ideal method to store seeds for longer period in an 

air tight container without seed quality reduction. Zeolite beads have professed advantages over 

other desiccants, which include that they have higher regeneration capacity, greater affinity for 

water, particularly at low humidity. Also, the present results also indicated that green gram, 

Onion, and tomato seeds drying by zeolite beads has reduced its moisture content to a desired 

level also maintained better seed quality parameters throughout the storage period. Hence, it is a 

suitable technology to low volume seeds, seed companies (either public or private) and seed 

banks to store precious seed material as well as plant genetic resources for a longer period. 
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