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ABSTRACT 
Seed vigor reaches a maximum at physiological maturity and decreases during storage. This 
study aimed to determine the physiological maturity and enhance the storability of sorghum 
seeds. Experiments were conducted at BRIN Lebak-Bulus from March 2023 to March 2024. 
The initial experiment employed a two-factor randomized complete block design, 
incorporating five sorghum varieties and five seed maturity levels. The second experiment 
used a complete randomized design with two factors (nest: temperature storage 18 °C and 
26 °C, and nested: combined seed moisture content (MC) 10-11% and 12-13%, and storage 
period (1-24 weeks). The results indicated the seed physiological maturity stages of the five 
sorghum varieties were: Numbu 46 days after anthesis (DAA), Super-1 39 DAA, Bioguma-1 51 
DAA, Samurai-2 55 DAA, and Pahat 40 DAA. The Numbu stored at 18 °C, 10-11% MC had 
storability up to 24 weeks (72.3% germination) and at 18 °C, 12-13% MC up to 20 weeks 
(72.3%), while at 26 °C, 10-11% MC had storability up to 18 weeks (71.3%) and 26 °C, 12-
13% MC up to 22 weeks (70.3%). The Bioguma-1 and Samurai-2 seeds were suspected of 
having after-ripening dormancy. From the beginning until 24 weeks, the seeds did not 
deteriorate, although the viability was below 70%.  

Keywords: germination; seed moisture content; storage period; viability; vigor  

INTRODUCTION 
Sorghum is one of the cereal plants that has high carbohydrates and is suitable for 

supporting food diversification in Indonesia (Afriansyah et al., 2021). Sorghum grains 
contain 65-76% carbohydrates, 2-7% fat, 8-12% protein, and 2-7% fat (Abah et al., 2020). 
Sorghum is utilized as a food (Kazungu et al., 2023), livestock feed (Whitfield et al., 2011), 
and bioethanol production (Eulogio et al., 2017). 

As of June 2022, the sorghum harvest area in Indonesia was 4,355 hectares, with a 
production of approximately 15,243 tons and a productivity rate of 3.63 tons ha-1 
(Coordinating Ministry for Economic Affairs, 2022). This productivity is still relatively low 
compared to the potential yield described in newly released sorghum varieties. To address 
this issue, a key solution is to utilize high-quality seeds. Seed quality encompasses four 
crucial aspects: physical, physiological, genetic, and health quality (Sundareswaran et al., 
2023). Seeds with high physical quality have a prime appearance, uniform size, and are 
free from impurities and other seed mixtures. Genetic quality is indicated by pure and 
homogeneous genetic identity. Physiological quality is reflected in seed viability and vigor. 
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In contrast, seed health quality is indicated by the absence of seed-borne diseases, which 
could otherwise affect viability, vigor, and seedling growth (Ilyas, 2012).  

One critical factor in producing high-quality sorghum seed is determining the 
optimal harvest time when the seeds reach physiological maturity (Gala et al., 2017). 
Physiological maturity is a critical stage in seed development, characterized by peak dry 
matter accumulation and the absence of further significant weight increase. This stage 
influences seed physiology and enhances long-term storability (Bareke, 2018). Harvesting 
seeds before or after physiological maturity can compromise seed quality, leading to both 
physical and physiological damage (Rusmin & Darwati, 2018). For example, Samurai-2 
sorghum seeds harvested 100 days after sowing (DAS) had a dry-seed weight (DSW) of 
0.37239 g and a moisture content of 13.03%, with a germination rate of 84.88%; while 
seeds harvested at 110 DAS had a DSW of 0.37242 g, a moisture content of 12.46%, and a 
germination rate of 87.04% (Najam, 2022). 

The large-scale development of sorghum seeds requires the availability of high-
quality seeds over a long period, which can be achieved through optimal seed storage. A 
major issue in seed storage is deterioration, which can damage proteins, lipids, cell 
membranes, and DNA, ultimately affecting seed metabolism and reducing viability (Vitis 
et al., 2020). The deterioration of seed quality during storage can be minimized by 
maintaining optimal conditions, particularly temperature and seed moisture content. 
Maksum et al. (2020) found that Super-1 sorghum seeds stored for 12 months at a low 
temperature (18±1.58 ºC) with an initial moisture content of 8% maintained an 84% 
germination, compared to seeds stored at higher room temperatures. Current research 
reveals notable gaps in our understanding of optimal seed storage techniques and 
physiological maturity indicators for diverse sorghum varieties, especially the five 
Indonesian sorghum varieties targeted by this study. The existing literature particularly 
lacks comprehensive data on storage efficacy and seed viability during six months of 
storage across various sorghum types and under differing environmental conditions, as 
well as the challenges of applying maturity indicators to such varied germplasm. This 
study, therefore, aimed to determine the physiological maturity and enhance the 
storability of these five specific Indonesian sorghum varieties. 

MATERIALS AND METHODS 

Research site 

The experiment was done at the Center for Food Crops Research, Agricultural and 
Food Research Organization, National Research and Innovation Agency (BRIN) in Lebak 
Bulus from January 2023 to February 2024. Seed testing was conducted at the Seed 
Storage and Quality Testing Laboratory, Department of Agronomy and Horticulture, 
Faculty of Agriculture, Bogor Agricultural University (IPB). The overall research spanned 
from January 2023 to June 2024.   

Experiment I: Determination of the physiological maturity level of sorghum seeds 
This experiment followed a two-factor randomized complete block design. The first 

factor consisted of five seed maturity levels, measured at 5-day intervals. The 
determination of the seed maturity level for each variety varies according to the variety 
description, namely, the difference between harvest age and flowering age of 50%. The 
50% flowering age was counted as one day after anthesis (DAA) in each variety. The 
second factor was sorghum varieties, consisting of five varieties: Pahat, Samurai-2, 
Numbu, Super-1, and Bioguma-1. Maturity level 1 was 10 days before anthesis, maturity 
level 2 was five days before anthesis, maturity level 3 was 0 days after anthesis according 
to the variety description, maturity level 4 was five days after anthesis, and maturity level 
5 was 10 days after anthesis. Table 1 shows the determination of the physiological 
maturity level of five sorghum seed varieties used in the first experiment. The 
combination of treatments formed was 25, tested in three replications, comprising 75 
experimental units.  
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The experiment was started by covering with a nylon net before the panicle was 
formed (Poehlman, 1979). Covering was done to reduce yield losses due to bird attacks. 
Each covered panicle was tagged. Harvesting was done according to the maturity level of 
each variety. The criteria for harvesting sorghum seeds included yellowing of the flag leaf, 
seeds becoming hard and resistant to breakage when pressed by a finger, and the presence 
of a black layer at the seed base. Sorghum was harvested by cutting the panicle stalk 15 
cm below the neck of the panicle, then the panicle was air-dried in the screen house for 5 
days (Al Fikri et al., 2015). The seeds used were taken from 2/3 of the panicle shoots. 

Table 1. Determination of seed maturity level in five sorghum varieties. 

Variety 
Determination of seed maturity level in five sorghum varieties 

Harvest age (DAP)* Flowering age 50% (DAP)* DAA 
Pahat 89 59 30 
Bioguma-1 105 64 41 
Numbu 105 69 36 
Samurai-2 113 63 50 
Super-1 105 56 49 

Variety 
Maturity levels (DAA) 

1 2 3 4 5 
Pahat 20 25 30 35 40 
Bioguma-1 31 36 41 46 51 
Numbu 26 31 36 41 46 
Samurai-2 40 45 50 55 60 
Super-1 39 44 49 54 59 

Note: *Source: Description of varieties released by the Ministry of Agriculture. DAP: days after planting, DAA: days 
after anthesis 

The seeds were germinated in a controlled seed germinator (Gen1000-GE, Conviron) 
with a temperature of 25 °C and RH of 80%. The observed variables are as follows: Seed 
water content (ISTA, 2018), using the oven method at a temperature of 130-133 °C for 2 
hours. Germination percentage (ISTA, 2018): total percentage of normal germination in 
the first and final counts (4 and 10 days after planting). Vigor index: the total percentage 
of normal germination in the initial count (4 days). Seed dry weight: seeds were weighed 
(4.5 g) and dried in an oven at a temperature of 80 °C for 24 hours. 

Experiment II: Seed storage of three sorghum varieties 
Experiment II was done in a nested experiment with two factors using a completely 

randomized design. The nest factor was the storage room temperature, consisting of two 
levels: the AC room with 18 °C, RH 75% (T1), and the non-AC room with 26 °C, RH 55% 
(T2). The combination of seed water content and storage period was nested in the storage 
room temperature factor, consisting of 26 levels. A total of 52 treatment combinations 
were established, each repeated three times, resulting in 156 experimental units.  

The experiment used sorghum seeds obtained from Experiment I at maturity level 3 
or according to the variety description. The three varieties used were Numbu, Bioguma-1, 
and Samurai-2. The seeds were placed in 0.1 mm-thick polyethylene plastic packaging for 
each 30 g of seeds. The packaging was closed using a sealer. The seeds were stored in an 
AC room at 18 °C (T1) and a non-AC room at 26 °C (T2). Seed quality testing was conducted 
every 2 weeks through the 24-week storage period (0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 
24 weeks of storage). The seeds were dried to a water content of 10-11% and 12-13%.  

The variables used were: Germination percentage (ISTA, 2018): total percentage of 
normal germination in the first and final counts (4 and 10 days after planting). Electrical 
conductivity (Pramono et al., 2019): seventy-five seeds were weighed, soaked in 150 mL 
of aquabidest for 24 hours, and stored in an AC room with a temperature of ± 20 °C. The 
electrical conductivity (EC) of the seed-soaking water and aquabidest was measured using 
a conductivity meter. 
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Data analysis 
Data were analyzed using SAS version 21.0.16 using analysis of variance (ANOVA). 

The Duncan Multiple Range Test (DMRT) at a 95% signi�icance level was performed if the 
F-test was signi�icant.  

 
RESULTS AND DISCUSSION 

Determination of the physiological maturity level of seeds in five sorghum varieties   
The five sorghum varieties have different physical seed shapes as the maturity level 

increases (Figure 1). The Pahat has a round shape, clear white color with reddish spots, 
seed size 16 mm2 to 19.29 mm2, and a smooth, shiny surface. The Bioguma-1 is round, flat, 
oval, and cream-colored, and the seed size is larger than other varieties; the range was 
16.72 mm2 to 20.38 mm2, and the seed surface is smooth and shiny. The Samurai-2 is 
round, chalky white, relatively small compared to other varieties, 13.28 mm2 to 16.28 
mm2, and the seed surface is slightly rough and not shiny. The Numbu variety is round, 
oval, and cream-colored, and the size ranges from 14.54 mm2 to 19.29 mm2, and the seed 
surface is smooth and shiny. The Super-1 is round, oval, brownish white, measuring 14.49 
mm2 to 17.09 mm2, and the seed surface is slightly rough and not shiny. As seed maturity 
progresses, the length, width, and surface area of alfalfa seeds increase (Zhang et al., 
2022). In contrast to de Medeiros et al. (2019), pepper seeds harvested at 30 DAA had 
seed sizes that were not significantly different compared to harvest ages of 42 DAA, 
though significantly different in seed density. Seeds with a high density have better tissue 
integrity and food reserve content; thus, they can germinate quickly (Abud et al., 2018). 

Based on ANOVA recapitulation, physiological maturity level, variety, and interaction 
of both factors significantly affected the germination percentage (GP), seed moisture 
content (MC), vigor index (VI), and dry seed weight (DSW). We successfully identified the 
physiological maturity level for each sorghum variety (Table 2). Numbu was maturity 
level 5 (46 DAA), Super-1 was maturity level 1 (39 DAA), Bioguma-1 was maturity level 5 
(51 DAA), Samurai-2 was maturity level 4 (55 DAA), and Pahat was maturity level 4 (35 
DAA). 

The Super-1, the first maturity level (39 DAA), exhibited the highest germination 
percentage (GP) at 85.7%, compared to later maturity levels (Table 2). However, at 
maturity levels 2 to 5, both GP and vigor index (VI) decreased. This decline is because the 
seeds accumulated maximum food reserves at the 1st maturity level (39 DAA). As the 
maturity level progresses, the physiological quality of the seeds deteriorates because they 
surpass their physiological maturity stage. Seeds harvested beyond physiological 
maturity tend to experience a decline in quality, characterized by reduced viability and 
increased susceptibility to fungal infections (Bareke, 2018). Similarly, research by 
Sugriana et al. (2023) found that the GP of IR64 rice seeds decreased when harvested later, 
dropping from 93.25% at 100 days after planting (DAP) to 84.35% at 105 DAP. Seeds that 
remain on the plant after their optimum maturity period are prone to cracking, which 
reduces seed quality, accelerates aging, and, in high-humidity conditions, increases 
susceptibility to saprophytic fungi. These fungi can cause seed discoloration and further 
deterioration (Dadlani & Yadava 2022). 

The Numbu, with a maturity level of 5, had a lower seed moisture content (MC) than 
other varieties at 21.83%, although this was not significantly different from the Samurai-
2 (Table 2). Generally, higher seed maturity levels correspond to lower moisture content. 
The low moisture content in Numbu at maturity level 5 contributed to an increased 
germination percentage (GP) (78.7%), vigor index (VI) (44.5%), and dry seed weight 
(DSW) (4.538 g) compared to seeds with higher moisture content. Similarly, Jia et al. 
(2023) reported that the moisture content of wheat seeds decreases from 52.2% in the 
milk-ripe phase to 17.77% in the full-ripe phase.  

The Pahat at maturity level 5 (40 DAA), exhibited the highest DSW (4.277 g) among 
all varieties, though this was not significantly different from Numbu (Table 2). The high 
dry weight of Pahat seeds at maturity level 5 also led to increased GP (54.7%) and VI 
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(24.1%) while reducing MC (24.05%) compared to other maturity levels. Physiological 
seed maturity is reached when the seed dry weight is maximized, ensuring optimum seed 
production, quality, and storage life (Dadlani & Yadava, 2022).  
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Figure 1.  Differences in seed shape and color of five sorghum varieties from five physiological maturity levels. Bar 
± 1 cm.   

Low seed quality can result from premature harvesting before seeds reach full 
maturity (Shaheb, 2015). For Samurai-2 at maturity level 1 (40 DAA), GP (36.3%), VI 
(38.3%), DSW (4.208 g), and MC (27.60%) were lower compared to more advanced 
maturity levels. At maturity level 4, GP (59.7%), VI (45.1%), and DWS (4.422 g) increased, 
while MC decreased to 24.09%. The Samurai-2 at maturity level 4 exhibited an increase in 
GP, VI, and DSW alongside a decline in seed MC. According to Trancoso et al. (2021), 
soybean seeds harvested in the green phase had lower germination capacity, vigor index, 
and protein content than those harvested in the yellow or brown phases. However, at 
maturity level 5 (60 DAA), Samurai-2 experienced a decline in GP and VI, indicating that 
the seeds had surpassed their physiological maturity. 
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Table 2.  Interaction between seed maturity levels and five sorghum varieties on seed quality.   

Seed maturity level 
(DAA) 

Variety 
Numbu Super-1 Bioguma-1 Samurai-2 Pahat 

Germination (%) 
1 73.7Bb 85.7Aa 40.7Cd 36.3Ee 50.2Cc 
2 74.7ABa 79.7Aa 48.1Bc 51.7Cbc 52.7Bb 
3 77.3ABa 70.1Bb 52.3Bd 56.7Bc 53.7ABcd 
4 78.1Aa 70.7Bb 65.7Abc 59.7Acd 56.3Ad 
5 78.7Aa 66.0Bb 67.3Ab 43.1Dd 54.7ABc 

Seed moisture content (%) 
1 28.34Aa 22.59Ab 29.23Aa 28.18Aa 27.60Aa 
2 27.97Aa 23.26Ab 27.53Ba 27.31ABa 24.60Bb 
3 23.09Bc 23.43Ac 26.77Ba 26.92Ba 24.52Bb 
4 22.77Bab 22.14Ab 26.78Ba 25.49Ca 24.09Bab 
5 21.83Bd 24.52Ab 26.64Ba 22.71Dcd 24.05Bbc 

Vigor index (%) 
1 21.7Cd 73.3Aa 24.1Cc 28.3Db 11.1Be 
2 24.1Ccd 54.1Ba 27.0Bc 35.7Cb 23.0Ad 
3 34.7Bb 44.5Ca 41.1Aa 40.5Ba 23.5Ac 
4 41.3Aa 42.3Ca 42.7Aa 45.3Aa 24.3Ab 
5 44.5Aa 42.3Ca 43.7Aa 25.9Db 24.1Ab 

Dry seed weight (g) 
1 4.239Ba 4.096Ba 3.900Bb 4.208Ba 4.114Ba 
2 4.303Ba 4.123ABa 4.345ABa 4.231Ba 4.153ABa 
3 4.316Ba 4.142ABb 4.391ABa 4.246Bab 4.202ABab 
4 4.455Aa 4.155ABc 4.422ABa 4.422Aa 4.266Ab 
5 4.538Aa 4.272Ab 4.473Aa 4.427Aab 4.277Ab 

Note: Capital letters in one column indicate the effect of the seed maturity level of each variety. Small letters in one row indicate 
the effects of varieties on each seed maturity level. Values followed by the same letter in the same column or row were not 
significantly different according to DMRT at α = 5%. DAA = days after anthesis. 

The study's method for determining physiological maturity primarily employs 
relative comparisons established by the Ministry of Agriculture (2023), specifically a 
germination percentage of 75% and a moisture content of 13%. This study showed 
germination percentages (GP) remain below 75% (e.g., Samurai-2 at 55 DAA was only 
59.7%). Physiologically mature seeds do not necessarily have a moisture content of 13%. 
A moisture content of 13% requires drying. This significantly contrasts with prior 
research (Najam, 2022), indicating that Samurai-2 seeds harvested at 100–110 DAS 
exhibited GP values between 84.88% and 87.04%. This discrepancy, likely coupled with 
low seed dry weights (SDW), suggests potential suboptimal or stress-induced growing 
conditions, an incomplete or premature interpretation of GP as a maturity indicator, or 
uncontrolled confounding factors. Acknowledging these limitations, including 
environmental influences and the necessity for broader sampling, is crucial for validating 
the study's conclusions. 

The germination percentage and other physiological indicators appear insufficient to 
fully capture the seed development curve, hindering the confident determination of 
physiological maturity. This may be linked to potential seed dormancy or environmental 
stress impacting seed quality during development. Consequently, these observations 
highlight the need for more comprehensive sampling both before and after peak GP values 
to precisely define physiological maturity. Therefore, it is necessary to consider these 
limitations and their implications for determining the seed maturity stage, as well as 
possible external influences such as dormancy or stress. 
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Seed storage of three sorghum varieties 
ANOVA results showed that storage room temperature significantly affected 

germination percentage (GP) and electrical conductivity (EC) across all three sorghum 
varieties. The interaction of seed moisture content and storage period, nested within 
storage room temperature, also significantly affected GP and EC. The decline in GP (Table 
3) and the increase in EC (Table 4) over 24 weeks of storage indicated seed deterioration. 

For the Numbu, seeds stored at 18 °C (T1), the highest GP value was observed after 
6 weeks of storage with an MC of 10-11% (82.0%), while the lowest was recorded at 24 
weeks with an MC of 12-13% (66.7%), showing a significant difference (Table 3). At 26 °C 
(T2), GP was highest at 2 weeks of storage with 10-11% MC (79.7%) and lowest at 24 
weeks with 12-13% MC (67.7%), also showing a significant difference.  

Overall, Numbu exhibited higher GP compared to other varieties. When stored at 18 
°C (T1) with 10-11% MC, it maintained viability for up to 18 weeks (77.0%) (Table 3). 
However, at 26 °C (T2) with 12-13% MC, viability was maintained for only 6 weeks 
(75.0%). According to the Ministry of Agriculture (2023), the minimum GP standard for 
sorghum seeds is 70%. Research by Anggraini et al. (2020) found that Kawali sorghum 
seeds had a storability of 4 months, after which GP dropped from 76.7% to 56.0% at 28 
°C. Similarly, soybean seeds maintained viability for up to 10 weeks, declining from 80.0% 
to 74.7% by week 12 (Khalilah et al., 2022).  

The Bioguma-1 stored at 18 °C (T1), the highest GP was recorded at week 4 with 12-
13% MC (60.7%), while the lowest was at week 24 with 10-11% MC (48.0%), showing a 
significant difference (Table 3). At 26 °C (T2), the highest GP was observed at week 0 with 
12-13% MC (61.7%), while the lowest was at week 20 with 10-11% MC (47.0%), also 
showing a significant difference. The 12% MC still maintains the quality standards of 
sorghum seed based on the Ministry of Agriculture (2023). According to Qiu et al. (2022), 
sorghum Janza-34 with 14% MC physically had a thicker seed coat, was resistant to seed 
cracking, and improved the physical quality of seeds compared to 10.3% MC.  

The Samurai-2 stored at 18 °C (T1), GP remained stable throughout the storage 
period, increasing slightly from 57.7% to 63.0% (Table 3). However, at 26 °C (T2), the 
highest GP was recorded at week 12 with 10–11% MC (64.7%), while the lowest was at 
week 24 with 12-13% MC (50.7%), showing a significant difference. At 26 oC with 12-13% 
MC, GP began to decrease significantly from 58.0% (0 week) to 53.0% (24 weeks). Mbughi 
et al. (2024) reported that sorghum Macia, GP began to decrease at 16 weeks after storage 
from 74.8 % to 67.6%. Both the Bioguma-1 and Samurai-2 had initial GP below 75% before 
storage and did not show significant changes in GP by the end of storage. This suggests 
that both varieties may have undergone after-ripening dormancy, as they exhibited no 
noticeable deterioration over time. 

The high GP of three sorghum varieties with 10–11% MC stored at 18 °C (T1) 
indicates a longer storability compared to other treatments (Table 3). Specifically, the 
Numbu remained viable for 18 weeks, Bioguma-1 for 20 weeks, and Samurai-2 for 24 
weeks. In contrast, under non-AC conditions at 26 °C (T2), the storage period was 
significantly shorter: Numbu lasted only 4 weeks, Bioguma-1 for 10 weeks, and Samurai-
2 for 18 weeks. At a higher seed water content of 12-13%, all three varieties showed a 
decline in GP after storage. These findings align with Harrington's (1972) statement that 
reducing seed water content by 1% can extend storability, and orthodox seeds are best 
stored at low temperatures. Research by Fang and Juan (2021) on sorghum seed storage 
found that seeds with 10% MC maintained their viability and vigor for up to 16 days, 
whereas seeds with 12% and 16% MC deteriorated after just 4 days.  

The temperature at 26 °C (T2) resulted in greater deterioration and a more 
significant decline in seed quality than at 18 °C (T1) (Table 3). However, for the Samurai-
2, storage at 18 °C (T1) showed no significant difference in GP throughout the storage 
period, maintaining seed quality for up to 24 weeks despite the GP remaining relatively 
low (below 70%). Maksum et al. (2020) reported that Samurai-1 sorghum seeds stored at 
18 °C retained 16% higher viability than those stored at room temperature (25 °C) after 
12 months. Similarly, Agustiansyah et al. (2020) reported that an optimum low 
temperature of 18 °C helped preserve soybean seed quality. Low storage temperatures 
suppress moisture absorption from the air, thereby reducing respiration activity and 
preventing an increase in seed water content (Vitis et al., 2020).    
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Table 3.  The germination percentage after 24 weeks of seed storage of the three sorghum varieties.   

Storage 
period 
(week) 

Seed 
moisture 
content 

Numbu Bioguma-1 Samurai-2  

18 °C (T1) 26 °C  
(T2) 

18 °C  
(T1) 

26 °C  
(T2) 

18 °C  
(T1) 

26 °C  
(T2) 

0 10-11% 74.0b 77.3a 50.3bc 51.3bc 57.7a 57.0ab 
12-13 % 77.3ab 78.0a 60.0a 61.7a 57.3a 58.0ab 

2 10-11%  77.0ab 79.7a 56.7ab 59.0a 58.3a  58.3ab 
12-13 % 80.0a 76.7a 58.0a 60.0a 58.0a 59.7ab 

4 10-11% 81.3a 77.7a 56.7ab 55.3ab 59.3a  57.3ab 
12-13 %  80.7a 76.3a 60.7a 60.3a 59.0a 60.7a 

6 10-11% 82.0a 75.0a 56.7ab 52.3abc 59.0a  61.7a 
12-13 % 78.7a 75.0a 59.3a 58.7a 59.7a 59.0ab 

8 10-11%  81.3ab 74.0a 55.0ab 52.0abc 58.0a  62.7a 
12-13 % 77.0ab 73.3ab 58.7a 58.3a 62.0a 58.3ab 

10 10-11% 82.0a 74.3a 54.7ab 51.7abc 60.7a 62.7a 
12-13 % 77.0ab 73.0ab 57.7a 57.0a 63.0a 58.3ab 

12 10-11%  77.7a 73.7a 54.0ab 50.3bc 61.0a  64.7a 
12-13 %  77.7ab 72.7ab 56.7ab 55.3ab 63.0a 57.0ab 

14 10-11%  78.7a 73.0ab 53.3ab 49.7bc 63.7a  62.3a 
12-13 %  76.0ab 73.3ab 56.7ab 54.7ab 63.3a 56.0ab 

16 10-11%  77.3ab 72.3ab 53.0ab 48.3bc 60.0a 60.7a 
12-13 %  75.3ab 71.7ab 56.3ab 54.3ab 63.0a 56.0ab 

18 10-11% 77.0ab 71.3ab 52.0bc 47.7bc 61.0a  58.0ab 
12-13 % 73.3bc 71.3ab 55.3ab 52.7ab 65.0a 54.0bc 

20 10-11%  73.0bc 69.7ab 50.7bc 47.0c 60.7a  55.0bc 
12-13 %  72.3bc 71.0ab 55.3ab 51.0bc 62.7a 53.0cd 

22 10-11%  72.7bc 69.7ab 49.0bc 47.3bc 60.0a  52.3bc 
12-13 %  69.7cd 70.3ab 54.7ab 50.3bc 63.3a 52.0bc 

24 10-11%  72.3bc 67.7b 48.0c 49.3bc 60.0a 52.0bc 
12-13 % 66.7d 69.3ab 53.7ab 49.7bc 63.0a 50.7c 

Note: Values followed by the same letter in the same column are not significantly different according to DMRT at α = 5% level   

The electrical conductivity test (EC) is a physical assessment of seed vigor that 
measures cell membrane leakage, where a higher EC value indicates lower cell membrane 
integrity (ISTA, 2018). As shown in Table 4, EC values increase with storage duration. 
Specifically, Bioguma-1 from 11.05 µS cm-1g-1 to 22.52 µS cm cm-1g-1, Numbu from 14.49 
µS cm-1g-1 to 19.66 µS cm-1g-1, and Samurai-2 from 6.68 µS cm-1g-1 to 16.76 µS cm-1g-1. High 
EC levels indicate cell membrane damage, leading to the leakage of electrolytes such as 
amino acids, sugars, enzymes, and organic ions (K⁺, Ca²⁺, Mg²⁺, Na⁺, and Mn²⁺) (Beedi et 
al., 2018). The EC of soybean seeds increases with prolonged storage due to ongoing 
deterioration processes (Pamungkas & Kusberyunadi, 2020).  

The EC results showed that seeds stored at 26 °C (T2) had relatively higher EC 
values than those stored at 18 °C (T1) (Table 4). Arini and Ahadiyat (2021) reported that 
carica seeds stored at 25 °C for 20 days had significantly higher EC (10.96 76 µS cm-1g-1) 
compared to those stored at 15 °C (9.89 76 µS cm-1g-1). A higher temperature accelerates 
seed water content absorption during storage, increasing respiration rates and leading to 
faster deterioration than seeds stored at lower temperatures (Maksum et al., 2020). The 
high moisture content of Trachyspermum ammi L. seeds can also cause seed porosity, and 
the coefficient of friction in seeds will increase so that the integrity of the seed membrane 
will decrease (Singh & Meghwal 2020). Seed deterioration results in a loss of viability in 
orthodox seeds, which is associated with macromolecular damage, reduced ATP synthesis, 
protein degradation, and a weakened antioxidant defense system, ultimately leading to a 
loss of cell membrane integrity (Corbineau, 2024). 
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Table 4.  The electrical conductivity test after 24 weeks of seed storage of three sorghum varieties.  

Storage 
period 
(week) 

Seed 
moisture 
content 

Numbu Bioguma-1 Samurai-2  

18 °C 26 °C 18 °C 26 °C 18 °C 26 °C 

0 10-11% 15.14c 14.60c 11.05b 12.88d 6.67c 7.66d 
12-13 % 15.87bc 16.19abc 12.12ab 12.70d 8.45b 7.94d 

2 10-11%  18.34a 15.63abc 11.74b 19.69b 6.88c 11.46c 
12-13 % 18.32a 15.75abc 13.77a 17.07bc 11.39a 13.90ab 

4 10-11% 17.52ab 14.56c 12.61ab 18.53bc 6.93c 11.72c 
12-13 %  17.53ab 16.63ab 14.69a 18.29bc 10.84a 14.68a 

6 10-11% 18.12ab 14.49c 12.97ab 18.68bc 7.83bc 11.47c 
12-13 % 17.50ab 16.40abc 15.65a 18.28bc 10.68a 14.35a 

8 10-11%  17.88ab 16.26abc 13.15a 19.66b 7.85bc 10.78c 
12-13 % 18.81a 17.93a 15.55a 18.43bc 11.47a 13.99ab 

10 10-11% 18.34a 17.00a 13.73a 18.60bc 7.54bc 11.05c 
12-13 % 19.47a 17.95a 14.78a 18.86bc 11.42a 14.01ab 

12 10-11%  18.28ab 15.32abc 13.75a 19.21bc 7.39bc 11.76c 
12-13 %  17.96 ab 16.91a 15.22a 18.26bc 11.49a 14.28a 

14 10-11%  19.20a 15.76abc 13.61a 19.80b 7.87bc 11.61c 
12-13 %  17.30ab 16.94a 14.53a 19.58b 11.66a 14.44a 

16 10-11%  18.51a 15.66abc 13.75a 19.81b 7.71bc 11.86c 
12-13 %  17.75ab 17.37a 15.36a 19.97b 11.03a 14.24a 

18 10-11% 19.12a 15.75abc 13.69a 19.50b 7.77b 11.09c 
12-13 % 17.95ab 17.85a 15.28a 19.32bc 11.80a 15.32a 

20 10-11%  18.23ab 14.84bc 14.55ab 19.54b 8.04bc 11.47c 
12-13 %  18.39a 16.96ab 14.66a 18.69bc 11.27a 15.89a 

22 10-11%  19.18a 14.69c 14.82a 22.19a 7.95bc 11.52c 
12-13 %  18.14ab 17.59a 15.10a 19.54b 10.91a 15.36a 

24 10-11%  19.66a 15.18abc 14.02a 22.52a 7.86bc 12.34bc 
12-13 % 18.66a 18.74a 15.60a 19.41bc 11.15a 16.77a 

Note: Values followed by the same letter in the same column are not significantly different according to DMRT at α = 5% level  

CONCLUSIONS  
The five sorghum varieties exhibited distinct physiological seed maturity levels: 

Numbu was 46 days after anthesis (DAA), Super-1 was 39 DAA, Bioguma-1 was 51 DAA, 
Samurai-2 was 55 DAA, and Pahat was 36 DAA. During the 24-week storage, the 
germination percentage declined, while electrical conductivity increased across all three 
tested varieties (Numbu, Bioguma-1, and Samurai-2). Storage at 18 °C (T1, air-
conditioned) prolonged seed viability compared to 26 °C (T2, non-air-conditioned). 
Numbu seeds could be stored at 18 °C with 10–11% moisture content, and retained 
viability for 18 weeks (GP: 72.3%), whereas seeds stored at 26 °C with 12-13% moisture 
deteriorated after 6 weeks (GP: 70.3%). Meanwhile, Bioguma-1 and Samurai-2 showed a 
minimum GP reduction over 24 weeks, despite low initial germination (<70%), suggesting 
potential after-ripening dormancy. The EC values peaked at 24 weeks in the 26 °C storage 
room, correlating with seed deterioration in all stored varieties. These results highlight 
the critical role of temperature and moisture control in optimizing sorghum seed 
storability, with dormancy behavior necessitating further investigation.   
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