
Volume 13| October, 2022                                                                                                                                   ISSN: 2795-7675 

 

Eurasian Research Bulletin                                                                                                                                 www.geniusjournals.org 

P a g e  | 157 

 
Introduction  
      Rice is the main food of more than half of 
the population, while only 11% of the total land 
on this planet is cultivated with this crop. It is, 
expected that the global production of cereals 
will increase by 50% from 2010 to 2030 to 
meet the growing food needs. This is not an 
easy task, because it requires not only genetic 
improvement of the product and optimization 

of management but it is therefore influenced, 
by socio-economic and physical factors related 
to rice production (Khosh,2013; Afeniri et al., 
2013; Pantani et al., 2016). The lack of labor in 
the agricultural sector has caused the increase 
in the price of labor and rice production. 
Meanwhile, the lack of water for rice 
cultivation is serious and widespread. It is, 
predicted that by 2025, about 18 million 
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When the seeds of the plants had harvested, they are not planted immediately and are 
kept in storage for some time. Storage has positive and negative effects on the 
elimination of the dormancy and germination of different plants. Therefore, a study has 
carried out with the aim of investigating the elimination of dormancy and the 
germination power of rice varieties under artificial storage in response to different 
temperatures. In the treatments of zero (control) to eight days artificial aging on the 
germination of rice varieties AHS, DAH and DBC In response to the temperatures of 15, 
20, 25, 30 and 35oC, with the help of thermal time model, it was done in the agriculture 
laboratory of Gorgon University of Natural Resources and Agricultural Sciences in 2019. 
Accelerated aging test has used in artificial storage. So that the seeds of AHS, DAH and 
DBC rice cultivars were kept for zero (control), one, two, three, four, six and eight days of 
artificial deterioration at a temperature of 45oC and a relative humidity of 100%. After 
that, the germination test of artificially aging seeds of rice cultivars has studied at 
temperatures of 15, 20, 25, 30 and 35oC. The results of this research showed that the 
germination percentage of rice cultivars in all treatments of artificial storage at 15oC was 
low. With the increase in temperature during artificial storage, the germination 
percentage of these cultivars increased.  Additionally, with the increase of artificial 
storage treatments, it has observed that the percentage of germination decreases among 
all rice cultivars, and this decrease was evident at lower temperatures, therefore 
germination stopped in all cultivars of AHS, DAH and DBC in eight days of artificial aging. 
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hectares of rice cultivation in the world will 
decrease. Therefore, rice cultivation technology 
should be developed to simultaneously reduce 
labor and water use while maintaining yield 
potential (Tuong et al., 2002; Yuan et al., 2017; 
Axio et al., 2019; Behandri et al., 2019-2020). 
       In general, farmers have to keep their own 
rice seeds from one growing season to the next 
growing season, in other word, short-term 
storage period are typically three to 18 months. 
It is also sometimes necessary to keep the 
seeds for several years (6 years). Therefore, 
during storage in the warehouse, it is 
important to try to control the factors that 
reduce quality and germination of seeds (Hong 
and Ellis, 1996., McDonald's and Nelson, 1999). 
Seeds are, divided into two categories based on 
their shelf life during the storage period, 
recalcitrant seeds and orthodox seeds (Roberts, 
1997). Many researchers reported that keeping 
the seeds during the storage period eliminates 
their dormancy. Especially the seeds that have 
physiological and morphological coexistence 
(Cristado et al., 2019; Janaki et al. 2017). Siadat 
et al (2012) stated that the initial colonization 
of some rice cultivars is, eliminated with time 
during storage. Additionally, rice seeds has 
kept at a temperature of 48-50 o C for three to 
five days the artificial decay of their commune 
is lost. In Agricultural farming, seed aging is an 
undesirable process and the yield decreasing 
due to seed aging has been, reported at about 
25% (Shalar et al., 2008). This irreversible 
process occurs on the farm, harvest time and 
storage period (natural and artificial) (Walters 
et al., 2010). Seed aging begins with a chain of 
biochemical events, often "damage to the 
membrane and biochemical reactions disorder. 
Thereafter many vital properties of the seed 
decrease, which begins with a decrease in 
germination rate, decrease in seedling 
establishment, and increase in abnormal 
seedlings, and eventually lead to seed death 
(Walters et al., 2010). Seed aging reduces the 
quality, viability and survival of the seeds due 
to environmental adverse effects (Kapoor et al., 
2010). Seed aging and deterioration typically 
occur during physiological maturity of the seed 
(before hatching) and continue during seed 
harvesting, processing and storing with 
intensity that is affected by genetic, 

environmental and seed production conditions 
(Calber, 1995). Odoba et al (2016) reported 
that with the accelerated aging period, the 
germination components of the canopy 
decreased. The accelerated aging process also 
occurs more rapidly on plants that have oily 
seeds than seeds that have starch (Lee et al., 
2008. Qaderi-far et al., 2009; Shu et al. 2016). 
During the research,  Alvarado and Bradford 
(2002) stated that the plants in total have three 
thermal levels including low, optimum and high 
temperatures (maximum) for germination. The 
highest level of seed germination has 
performed at the desired temperature and the 
germination of the seeds has stopped at or 
below the base temperature and at most or 
more (Akram qader-far et al, 2008). The 
importance of temperature on seed aging 
processes is for two reasons. A determination 
of the amount of moisture stored in the air is 
due to the increased activity of the aging 
phenomenon that occurs during seed storage 
and accelerates at higher temperatures 
(McDonald's, 2004). Siadat et al. (2013) stated 
that the temperature was at least 8-10 °C, the 
maximum of 44 °C and the appropriate 
temperature with the maximum germination 
was 30-32 °C. However, in warm and 
temperate regions due to low temperatures, 
rice crop damage is higher (Crouch and 2000, 
Lee M H, 2001). Kabaki et al (1982) also 
reported that a decrease in temperature in the 
range of 12-18 °C reduces seedling growth. As 
rice, seeds have reduced temperature not only 
the germination rate but also the germination 
percentage. According to the Harrington Act, 
each percentage decreases in the moisture 
content of the seed during storage, and every 
five degrees Celsius reduces the seed life by 
two times. The Harrington law, should not be 
used in humidity above 14% and below 5% of 
seeds, because seeds stored at humidity above 
14% begin to breathe and the heat generated 
can accelerate, including fungi, and reduce seed 
viability below 5% of seed moisture 
(Harrington, 1973). 
 
Materials and methods 
       This research has conducted in the seed 
research laboratory of Gorgon University of 
Agricultural Sciences and Natural Resources in 
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2019. The experiment has applied on different 
varieties of rice with artificial storage at 
different temperatures of 15, 20, 25, 30 and 
35oC. In this experiment, first, seeds of AHS, 
DAH and DBC rice cultivars were stored with 
aging acceleration test for zero (control) one, 
two, three, four, six and eight days at a 
temperature of 45oC and with increasing the 
storage period the seeds were deteriorated. 
Then the germination of degenerated seeds of 
rice cultivars has studied at different 
temperatures of 15, 20, 25, 30 and 35oC. The 
germination test has done in Petri dishes with a 
diameter of 9 cm, on two layers of filter paper. 
After the seeds have placed in the Petridis and 
(5cc) distilled water were add to them and 
placed in the incubator at the desired 
temperature. The germinated seeds have 
counted three times every day (depending on 
temperature and germination rate). The 
Germination criteria were considered to be 
2mm or more shoot (Bialy and Black, 1994). 
Counting of germinated seeds continued until 
no germination had observed for a week.  
 
Data analysis 
      Data analysis has done with SAS statistical 
software. Since the germination percentage 
data is the result of counting and has a 
binomial distribution, the Generalized Linear 
Model: method with the Proc Genmod 
Procedure has used to compare the 
treatments. To quantify the effects of 
temperature and deteriorated treatments on 
the germination of rice seeds, the following 
thermal time model has used. 
 Probit (g) = {log [(T – Tb) t g] – log θT}/σθT 

Probit (g) Probit function for cumulative 
germination percentage data θT, mean thermal 
time for germination σθT is standard deviation 
in log θT, Tb minimum temperature and T 
temperature (Donato et al., 2017). 
 
Results and discussion 
      The Investigation of the germination 
response of artificially aging seeds (Zero-eight 
days) in different rice cultivars in response to 
temperature showed. that the lowest 
percentage of germination in all (AHS, DAH and 
DBC) cultivars at different levels of artificial 
deterioration occurred at a temperature of 
15oC and with the increasing temperature in all 
treatments, the percentage of seed germination 
increased in different varieties (Figure 1). The 
treatments of one day and two days of artificial 
aging not only did not decrease the 
germination percentage, but also increased the 
germination percentage in some cultivars 
including AHS and DAH compared to the 
controlled one. Increasing the length of the 
artificial aging period to more than two days 
(or three days) decreased the germination 
percentage of the investigated cultivars at 
different temperatures (Figure 1). There for 
that the lowest percentage of germination in all 
varieties and temperatures has observed in the 
treatment of eight days of artificial aging. 
Soltani et al (2008) reported that the 
degenerate seeds of wheat (Tritium aestivum 
L.) compared to the control seeds. The 
germination speed is lower and for every day 
of increase in the deterioration, the 
germination speed decreases by 0.9 percent.   
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Figure1. Germination percentage of different rice cultivars in response to temperature in treatments 

of one to eight days of artificial storage 
 

      Furthermore, the cumulative germination 
percentage changes in the thermal time model 
also showed that the lowest germination 
percentage occurred in all seed consignments 
at a temperature of 15oC and with increasing 
temperature, the germination percentage 
increased in all seed consignments (Figure2). 
Additionally, with the increase in the duration 
of the artificial aging period in all seed 
shipments to more than two days, the 
percentage of germination decreased in 
different temperatures and cultivars (Figure 2). 
The highest percentage of germination was 
observed in control treatments, one, two and 
three days of artificial aging and the lowest 
percentage of germination was observed in 
treatments of four, six and eight days of 
artificial aging. Therefore that the germination 
percentage of all the seeds of rice cultivars was 
stopped in the treatment of eight days of 
artificial aging (Figure 2). 
      The parameters of thermal time model for 
different rice cultivars at different levels of 
artificial aging with binomial distribution are 
show in the (table 1). The lowest basal 
temperature has observed in all cultivars (AHS, 
DAH and DBC) in the treatment of three days of 
artificial aging.  Additionally, the highest base 
temperature has additionally observed in the 
DAH variety in the control treatment, in the 
DBC variety, in the two-day artificial 
deterioration treatment, and in the AHS variety 

in the six-day artificial deterioration treatment 
(Table 1). Changes in the numerical value of θt 
at different levels of aging showed that the 
germination speed increased in DAH and DBC 
cultivars up to one day of artificial aging and in 
AHS cultivar up to two days of artificial aging 
and decreased with increasing the length of the 
aging period in all cultivars (Table 1). 
Furthermore, germination uniformity 
increased in DBC cultivar up to two days of 
artificial aging and in DAH and AHS cultivars up 
to one day of artificial aging and decreased as 
the duration of the aging period increased 
(Table 1). 
      As mentioned, in artificial deterioration, the 
thermal time parameter has more affected 
compared to the other two coefficients (base 
temperature and sigma). Therefore, the 
noteworthy point in this section is that up to 
two days of deterioration, the thermal time 
parameter first decreased and then increased 
again. In other words, when the rice seeds have 
subjected to artificial aging, the germination 
rate first increased and then decreased again. 
The cause of this increase might attributed to 
the elimination of the dormancy through the 
increase of the germination rate (Bialy et al., 
2013). In other words, by placing the rice seeds 
at a temperature of 45oC for a short time in the 
accelerated aging test, the germination of rice 
seeds increased by increasing the germination 
rate, and after that, by increasing the test 
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period to eight days, both the germination rate 
and percentage decreased in all cultivars. In 
addition, in Haste, the day of decrease reached 
zero. Therefore, it is be said that exposure of 
rice seeds to high temperature and high 
humidity (accelerated aging test) first resolves 
the germination of the seeds, and if the 
duration of exposure to these conditions is 
increased, the mechanisms involved in the 
deterioration of the seeds are increased and 
thus lead to. The aging of the seed causes a 
decrease in the speed and percentage of 
germination. In the study of Xia et al (2004) on 

oat seeds at three humidity levels of 4, 10, and 
16%, high temperature and its storage time at 
six levels of zero, 16, 24, 32, and 40 days at a 
temperature of 45oC degrees Celsius. They 
stated the seeds that were in 4% humidity, the 
germination of the seeds of this vegetable 
species decreased from 88% to 80% within 
forty days. So that seeds with moisture content 
of 10% after 40 days, their germination went 
from 88% to zero. Additionally, the moisture 
content of the seeds was 16%, after 8 days of 
germination, this amount reached zero.  

 

 
Figure 2. Fitting the thermal time model to the cumulative germination percentage data of AHS variety 

in response to different temperatures in treatments of zero to eight days of artificial storage 
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Table 1. Thermal time model parameters for different rice cultivars at different levels of artificial 
storage with binomial distribution 

R2 σθt (oC) 
 

θt (oCh) Tb (oC) artificial of 
storage 

Verity 

0/68 0/9547 
±0/07203 

   897/82  ±49/3466 13/4678 ±0/2037 0 AHS 
 

0/86 0/4436 
±0/04321 

   691/21  ±20/7615  13/4879 ±0/09244 1 

0/93 0/5637 
±0/04253 

   878/33  ±39/0577     12/5156 ±0/2386 2 

0/92 0/8531 
±0/07042 

1256/18 ±73/5897     11/6643 ±0/3809 3 

0/89 0/9666 
±0/08426 

  2035/77 ±108/580     12/6728 ±0/3853 4 

0/44 2/04221 
±1/0851 

1151/55 ±319/440     15/0000 ±0/11 6 

- - - - 8 

0/87 0/8087 
±0/05674 

1286/77 ±57/3335 13/4335  ±0/1570 0 DAH 

 
0/92 0/5786 

±0/04031 
1038/25 ±49/0782 12/0453  ±0/2252 1 

0/87 0/8713 
±0/07589 

1001/35 ±58/6878 13/2547 ±0/2214 2 

0/93 0/9138 
±0/07112 

2211/33 ±178/200 7/9055  ±1/0179 3 

0/88 1/1735 ±0/1366 2665/88 ±198/480 11/4335 ±0/6601 4 

0/67 1/4678 ±0/2089 29503/22 
±7937/40 

10/2657 ±1/1436 6 

- - - - 8 

0/76 0/7087 
±0/05689 

796/44   ±45/8688 11/4674 ±0/3765 0 DBC 

 

0/95 0/5011 
±0/03358 

698/33  ±29/3815 12/0870 ±0/1879 1 

0/95 0/4884 
±0/03322 

624/18   ±26/5856 12/6463 ±0/1553 2 

0/87 0/8849 
±0/06236 

1445/55 ±124/612 7/7148   ±1/0586 3 

0/86 0/7715 
±0/05368 

1912/46 ±105/150 10/3631 ±0/4789 4 

0/80 0/7742 
±0/08420 

4074/37 ±373/590 7/9888   ±1/0244 6 

- - - - 8 

      

Conclusion 
      The results of this research indicated that 
the artificial storage reduces the viability of 
seeds.  Figure 1 to 2. The fitting of the thermal 
time model to the germination percentage data 

of AHS, DAH and DBC cultivars in response to 
different degrees of 15, 20, 25, 30, and 35oC in 
the treatments of one to eight days of artificial 
aging and control is show. Germination 
percentage in all cultivars in different 
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treatments at 15 °C temperature was lower 
than other temperatures. There for, with the 
increase in temperature, the percentage of 
germination increased in all cultivars and 
artificial storage treatments. Additionally, the 
percentage of germination at different 
temperatures decreased with the increase of 
one day of artificial storage in all cultivars. 
Additionally, the highest germination 
percentage has observed in the control 
treatments (without artificial storage), one, 
two and three days, and the lowest germination 
percentage has observed in the four, six and 
eight day artificial storage treatments. Also, the 
results of this research in Table 1. Above 
parameters of the thermal time model for 
different rice, cultivars at different levels of 
artificial storage are show with binomial 
distribution. In this table, Tb (oC) shows the 
low temperature (degrees Celsius), θt (oCh) the 
coefficient of thermal time (degrees Celsius 
hours), and σθt (oC) shows the uniformity of 
germination (degrees Celsius). Since these 
parameters have a biological meaning, θt (oCh) 
indicates the germination speed and σθt (oC) 
indicates the uniformity of germination. Low 
temperature was different between all the 
stored treatments in AHS, DAH and DBC 
cultivars. This difference has observed with the 
increase of each day of artificial storage in 
different temperatures. So, the low 
temperature difference has observed in AHS 
variety in the treatment of six days of storage 
at 11/664oC and three days of storage at 
150000oC, with the highest and lowest 
temperature levels. Additionally, low 
temperature in other rice cultivars, DAH 
cultivar in the treatment of control 7.9oC and 
three days of storage 13/433oC, and DBH 
cultivar in treatment two 7.71oC and three days 
of artificial storage 12/64oC, with the highest 
and lowest temperature levels observed. The 
percentage of germination with the increase of 
storage treatments of AHS variety in one-day 
storage treatment was 691/21oC and four days 
artificial storage was 2035/77oC hours. 
Additionally, the percentage of germination in 
other cultivars with the increase of storage 
treatments in DAH variety in the treatment of 
two days of desolation 1001/35oC and six days 
of storage 29503/33oC and DBC cultivar in the 

treatment of two days of storage 624/28oC and 
eight days of artificial storage 4074/37oC Time 
difference has observed. Uniformity of 
germination in different temperatures was 
different with increasing storage treatments in 
all cultivars. This difference in AHS variety in 
the treatment of one day of storage was 0/44oC 
and six days of artificial storage was 2/04oC. 
Additionally, with the increase of artificial 
storage treatments in other cultivars, in the 
DAH variety, in the treatment of one day of 
storage, 0/57oC and six days of artificial 
storage, 1/46oC, and in DBC cultivar, the 
treatment of two days of storage, 0/48oC and 
eight days of artificial storage. A difference of 
0/88oC has observed, there for that, these 
differences show the resistance of the seeds 
against the storage period and different 
temperatures. 
 
References 

1. Alvarado, V., and Bradford, K.J. 2002. A 
hydrothermal time model explains the 
cardinal temperatures for seed  

germination. Plant Cell Environ. 25. 
1061-1069.    

2. Akramghaderi-F., Soltani, A., 
Sadeghipour, H.R. 2008. Cardinal 
temperature of germination in medical 
pumpkin (Cucurbita pepo conver pepo 
var. styriaca), borago (Borago officinalis 
L.) and black cumin (Nigella sativa L.). 
Asian Journal of Plant Science 2, 101-
109. 

3. Avnery, S., Mauzerall, D.L., and Fiore, 
A.M. 2013. Increasing global agricultural 
production by reducing ozone damages 
via methane emission controls and 
ozone‐resistant cultivar selection. Global 
change biology. 19(4): 1285-1299. 

4. Bewley, J.D. and Black, M. 1994. Seeds 
physiology of development and 
germination.  Plenum Press. New York 
Australian. Journal of Agricultural 
Research 43: 1571-1581. 

5. Coolbear, P. 1995. Mechanisms of seed 
deterioration, pp: 223-277. In: Basra, 
A.S. (ed). Seed Quality  food Product. 
Press. New York. (Book) 

6. Chauhan, B.S.  and Johnson, D.E. 2011. 
Growth response of direct-seeded rice 

https://geniusjournals.org/index.php/erb/index


Volume 13| October, 2022                                                                                                                                   ISSN: 2795-7675 

 

Eurasian Research Bulletin                                                                                                                                 www.geniusjournals.org 

P a g e  | 164 

to oxadiazon and bispyribac-sodium in 
aerobic and saturated soils. Weed 
Science Society of America. 59(1): 119-
122. 

7. Donato, L., Ghaderi-Far, F., Zahra, R. and 
Roberta, M. 2017. Base temperatures for 
germination of selected weed species in 
Iran. Plant Protection Science. 54(1): 60-
66. 

8. Harrington, J. F. 1973. Seed storage and 
longevity. P. 145-245. In T. T. Kozlowski 
(ed.) Seed biology. Vol. 3. Academic 
Press, New York. 

9. Hong, T.D. and Ellis, R.H. 1996. Seed 
storage behavior a compendium. 
International Plant Genetic Resources 
Institute. P 62. 

10. Kabaki, N., and Yoneyama, T.1982. 
Physiological mechanism of growth 
retardation in rice seedlings as  affected 
by low temperature. Jon. J. Crop Sci. 
51:82-88. 

11. Kapoor, R., Arya, A., Siddiqui, M.A., Amir, 
A. and Kumar, H. 2010. Seed 
deterioration in chickpea  (Cicer 
arietinum L.) under accelerated aging. 
Asian Journal of Plant Science.   9(3): 
158-162 . 

12. Khush, G.S. 2013. Strategies for 
increasing the yield potential of cereals: 
case of rice as an example. Plant 
Breeding. 132(5): 433-436. 

13. Lee, S.K. and Kader, A.A. 2008. Pre 
harvest and postharvest factors 
influencing vitamin C content of  
horticultural crops. Postharvest Biology 
and Technology 20: 207-220.  

14. McDonald, M.B. 1999. Seed 
deterioration: physiology, repair and 
assessment. Seed science and 
technology. 27(1): 177-237. 

15. McDonald M., B. Copeland L.O. 2004. 
Principles of Seed Science 
andTechnology.4th ed. Kluwer 
Academic Pub. (Minneapolis, Minn.). 

16. Odoba, A., Odiaka N., Gbanguba A. and 
Bashiru, M. 2016. Germination 
characteristics of twenty varieties of 
soybean (Glycine max L. (Merr) stored 
for 7 months. Science Agriculture 13: 
151–155 . 

17. Patanè, C., Saita, A., Tubeileh, A., 
Cosentino, S. L. and Cavallaro, V. 2016. 
Modeling seed germination of unprimed 
and primed seeds of sweet sorghum 
under PEG-induced water stress 
through the hydro time analysis. Acta 
Physiologiae Plantarum. 38(5): 1-12. 

18. Robert, E. H. 1981. Physiological of 
aging and its application to drying and 
storage. Seed science and Technol. 9: 
359-372. 

19. Shelar, V. R., Shaikh, R. S. and Nikam, A. 
S. 2008. Soybean seed quality during 

storage: A  review Agricultural Reviews, 
29 (2): 125-131. (Journal) 

20. Soltani, A., Galeshi, s., Kamkar, B. and 
Akramghaderi, F. 2008. Modeling seed 
aging effects on the response of 
germination to temperature in wheat. 
Seed Science and Biological 2: 32-36. 

21. Siadat, A., Madhaj, A. and Esfahani, M. 
2012. Cereals Book. Publications 
University of Mashhad. 

22. Siadat, A., Moosavi, S.A., Sharafi Zadeh, 
M., Fotouhi, F. and Zirezadeh, M. 2013. 
Effects of halo and phytohormone seed 
priming on germination and seedling 
growth of maize under different 
duration of accelerated ageing 
treatment. African Journal of 
Agricultural Research 6: 6453-6462. 

23. Tuong, T.P., Castillo, E.G., Cabangon, R.C., 
Boling, A. and Singh, U. 2002. The 
drought response of lowland rice to 
crop establishment practices and N-
fertilizer sources. Field Crops 
Research 74(2-3): 243-257. 

24. Yuan, H.F., Mao, C.L., Zhu, Y.Q., Cheng, H., 
Mao, P.S. 2017. Exogenous glutathione 
pre-treatment improves germination 
and resistance of (Elymus sibiricus) 
seeds subjected to different ageing 
conditions. Seed Science. Technology 45: 
607–621. 

25. Walters, C., Ballesteros, D. and Vertucci, 
V.A. 2010. Structural mechanics of seed 
deterioration: Standing the test of time. 
Plant Science 179: 565–573.  

26. Zia, S. and Khan, M.A. 2004. Effect of 
light, salinity and Temperature on seed 
germination of  )Limonium stocksii. 

https://geniusjournals.org/index.php/erb/index


Volume 13| October, 2022                                                                                                                                   ISSN: 2795-7675 

 

Eurasian Research Bulletin                                                                                                                                 www.geniusjournals.org 

P a g e  | 165 

Canadian J Botany 82: 151-157. 
 

https://geniusjournals.org/index.php/erb/index

