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Abstract 

Rice serves as Indonesia's main food source, but inadequate storage conditions can lead to seed deterioration and diminished germination 

performance. To enhance the viability and vigor of stored seeds, this study explores various priming methods' effects on multiple rice 

varieties. Employing a completely randomized design (CRD) with two factors, the first factor involves rice varieties (V) categorized by 

germination ranges: 41–50% (V1 = Toyonishiki, V2 = Yoneshiro), 51–60% (V3 = Jaya, V4 = IR50), 61–70% (V5 = Fortuna, V6 = 

Sulutan), and 71–80% (V7 = IR 24, V8 = Inpago 5). The second factor is seed priming (P), including control, hydropriming, and os-

mopriming. Results indicate that priming enhances maximum growth potential, germination percentage, vigor index, growth speed, plu-

mule and radicle length, as well as fresh and dry weight. Hydropriming outperforms osmopriming, particularly in vigor index, growth 

speed, plumule and radicle length, and dry weight. Priming proves more effective in improving maximum growth potential, germination 

percentage, vigor index, and growth speed at lower germination percentage ranges (41–60%). The most significant priming-induced 

increases in radicle length, fresh weight, and dry weight occur in higher germination percentage ranges (61–80%) 
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1. Introduction 

 
Rice (Oryza sativa), a staple food, is consumed and 

90% produced in Asia, serving as the main food source for 

the majority of Indonesia's population [1], [2]. To fulfill the 

national rice demand, high-quality seeds are essential for 

ensuring high crop production. Indonesia's hot and humid 

tropical climate, coupled with inadequate storage condi-

tions, accelerates seed deterioration [3], leading to reduced 

quality, viability, and vigor through natural aging or im-

proper storage [4]. Farmers in swampland, facing resource 

limitations, often resort to low-quality seeds, resulting in 

unhealthy seedlings and low productivity [5]. Priming 

emerges as a solution to restore the quality of deteriorated 

seeds, addressing this challenge. 

Seed priming is a treatment that enhances the via-

bility and vigor of low-quality seeds [6]. It involves hydrat-

ing the seed to activate pre-germination metabolism before 

radicle emergence [7]. Various priming techniques, such as 

hydropriming and osmopriming, exist. Hydropriming en-

tails soaking seeds in unaerated water [8], offering an af-

fordable and cost-effective method to break seed dormancy 

and boost germination [9]. Ibrahim et al.'s (2013) study 

demonstrated that hydropriming increased germination per-

centage and accelerated rice seed germination.  
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Osmopriming involves soaking seeds in a salt so-

lution or PEG [8]. PEG (Polyethylene glycol), a water-sol-

uble natural polymer, gradually reduces water potential, fa-

cilitating imbibition into the seed [10]. Osmopriming with 

PEG 6000 increased germination and seed vigor in several 

plants, such as wheat (Triticum aestivum L.) [11], corn (Zea 

mays L.) [12], peas (Pisum sativum L.) [13], soybean (Gly-

cine max L.) [14], and Sorghum (Sorghum bicolor L.) [15]. 

Shereen et al.'s (2019) study found that PEG 6000 at 20% 

affected germination in over 50% and growth in over 80% 

of several rice genotypes [16]. 

Based on this description, hydropriming and os-

mopriming increase the germination ability of rice. Cur-

rently there is no research on priming to increase the via-

bility and vigor of seeds with different germination percent-

age ranges. This study aims to determine the effect of vari-

ous priming methods on increasing the viability and vigor 

of seeds of several rice varieties. 

 

2. Materials and Methods  
 

2.1 Materials 

 This research used nursery trays, erlenmeyer, 

measuring cups, measuring tape, and analytical scales. The 

materials used are distilled water, rice seeds, PEG 6000, 

and soil. 

 

2.2 Experimental design and statistical  

This research was conducted using a completely ran-

domized design (CRD) with 2 factors. The first factor was 

rice variety (V), the seeds are germinated and grouped 

based on germination ranges, consisting of range 41 – 50% 

(V1 = Toyonishiki and V2 = Yoneshiro), range 51 – 60% 

(V3 = Jaya and V4 = IR50), range 61 – 70% (V5 = Fortuna 

and V6 = Sulutan), and range 71 – 80 % (V7 = IR 24 and 

V8 = Inpago 5). The second factor was seed priming (P), 

which consisted of P1 = Control, P2 = Hydropriming, and 

P3 = PEG 6000. This study consisted of 24 treatments with 

3 replications, each consisting of 50 seeds.  

The data obtained were analyzed using RStudio soft-

ware version 1.14.1717 for Windows (developed by RStu-

dio team, PBC, Boston, MA). To see the difference be-

tween treatments, tests were carried out using least signifi-

cant difference (LSD) at P ≤ 0.05.  

 

2.3 Seed Priming 

 In the hydropriming treatment, the seeds were 

soaked in 100% distilled water. Osmopriming carried out 

by soaking the seeds in PEG 6000 20% (200g/l) [17] for 24 

hours [18]. The seeds then washed and air-dried for 4 hours 

until they returned like pre-condition before priming [19]. 

 

 

 

 

2.4 Data Collection 

2.4.1 Maximum Growth Potential (MGP) (%) 

The maximum growth potential is obtained by cal-

culating the number of seeds that germinate normally or ab-

normally at 7 DAP with the formula [20]: 

 

 

𝑀𝐺𝑃 (%) =  
𝛴 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑠𝑒𝑒𝑑𝑠

𝛴 𝑃𝑙𝑎𝑛𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
 𝑥 100 

 

 

2.4.2 Germination Percentage (GP) (%) 

Germination percentage is obtained by calculating 

the number of seeds that germinate normally at 7 DAP with 

the formula [2]:  

 

𝐺𝑃 (%) =  
𝛴 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑠𝑒𝑒𝑑𝑠 𝑎𝑡 7 𝐷𝐴𝑃

𝛴 𝑃𝑙𝑎𝑛𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
 𝑥 100 

 

 

2.4.3 Vigor Index (VI) (%) 

Observation of the vigor index is obtained by calcu-

lating the number of normally germinate seeds at 5 DAP 

with the formula [2]: 

 

𝑉𝐼 (%) =  
𝛴 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑠𝑒𝑒𝑑𝑠 𝑎𝑡 5 𝐷𝐴𝑃

𝛴 𝑃𝑙𝑎𝑛𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
 𝑥 100 

 

 

2.4.4 Growth Speed (GS) (%/etmal) 

Growth speed is calculated on normally germinate 

seeds every day for 7 days with the formula [2]:  

 

𝐺𝑆 = %
𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒 𝑠𝑒𝑒𝑑𝑠

𝑒𝑡𝑚𝑎𝑙
=  ∑

𝑁

𝑡

𝑡𝑛

0

 

 

t    = time of observation  

N   = percentage of normal germinate  seeds at each 

observation time 

tn    = end time of observation (day 7) 

1 etmal   = 1 day. 

 

2.4.5 Plumule Length (PL) (cm) 

After 7 days of germination, the length of the plu-

mule was measured from the base of the stem to the tip of 

the plumula [21]. 

 

2.4.6 Radicle Length (RL) (cm) 

After 7 days of germination, the length of the radicle 

was measured from the base of the root to the tip of the root 

[21]. 
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2.4.7 Fresh Weight (FW) (mg) 

After 7 days, the fresh weight of the normally ger-

minate seeds was weighed on analytical balance. 

 

2.4.8 Dry Weight (DW) (mg) 

After 7 days, normally germinate seeds were dried 

in an oven at 60°C for 72 hours, then weighed using ana-

lytical balance [2]. 

 
3. Results and Discussion 

 

The diversity analysis results indicated a highly 

significant impact of rice varieties and priming, with their 

interaction notably influencing plumula length (Table 2). 

Germination percentage assesses seed capability under opti-

mal conditions [22]. Yoneshiro, within the higher germina-

tion percentage range, outperformed Toyonishiki in vigor 

index, growth speed, plumule length, radicle length, fresh 

weight, and dry weight (Table 1). Jaya exhibited superior 

germination percentage, plumule length, fresh weight, and 

dry weight compared to IR 50. Sulutan demonstrated higher 

maximum growth potential, germination percentage, vigor 

index, growth speed, radicle length, and fresh weight than 

Fortuna. Inpago 5 displayed superior germination perfor-

mance, significantly differing from IR 24 across all germi-

nation variables. In their respective germination groups, 

Yoneshiro, Jaya, Sulutan, and Inpago 5 stood out as the best 

varieties. 

 

 

Table 1. Effect of priming on seed viability and vigor of various rice varieties. 
 

MGP (%) GP (%) VI (%) GS (%/etmal) PL (cm) RL (cm) FW (mg) DW (mg) 

Rice Varieties 

Toyonishiki 56,44 a 54,67 a 52,67 a 12,34 a 7,15 abcde 7,84 a 52,34 a 9,31 abc 

Yoneshiro 54,67 a 54,22 a 52,89 ab 14,33 ab 7,29 abcdef 8,39 ab 54,62 a 11,89 e 

Jaya 65,11 b 65,11 b 60,22 bc 15,44 bc 7,47 bcdef 8,54 abc 75,71 e 12,22 e 

IR 50 65,78 b 64,89 b 78,44 bc 16,81 bc 6,94 abc 11,37 e 65,48 bcd 9,12 a 

Fortuna 75,33 c 75,11 c 69,56 d 21,52 e 6,71 a 8,98 bc 61,53 b 10,20 bcd 

Sulutan 77,78 cd 77,56 cd 71,33 d 19,36 d 6,85 ab 11,24 e 66,79 bcd 9,64 abcd 

IR 24 79,33 cd 78,89 cd 56,89 e 23,71 f 6,97 abcd 9,60 d 65,28 c 9,15 ab 

Inpago 5 88,44 e 87,56 e 84,44 f 26,27 g 10,69 g 14,46 f 108,11 f 15,63 f 

LSD.05 6,28 6,68 6,87 2,09 0,68 0,84 6,71 1,08 

Priming 

Control 58,17 a 57,58 a 53,75 a 10,79 a 5,43 a 8,48 a 54,69 a 9,72 a 

Hydro-priming 73,92 b 73,42 b 72,00 b 24,09 b 9,46 c 10,96 b 75,32 b 12,14 b 

Osmo-priming 79,00 b 78,25 b 71,67 b 21,29 b 7,64 b 10,72 b 76,19 b 10,82 ab 

LSD.05 10,25 10,91 11,22 3,41 1,11 1,37 10,96 1,76 

The mean followed by the same letter is not significantly different, P<0.05 

 
 

Priming significantly improved viability and vigor 

of all cultivars especially on maximum growth potential, 

germination percentage, vigor index, growth speed, plu-

mule length, radicle length, fresh weight, and dry weight 

(Table 1). Hydropriming was not significantly different to 

osmopriming, however, had the highest effect in improve-

ment of vigor index (72,00%), growth speed 

(24,09%/etmal), plumule length (9,46 cm), radicle length 

(10,96 cm), and dry weight (12,14 mg). 

 

 

 

 

 

 

 

 

 
Figure 1. The effect of various seed priming methods on the 

maximum growth potential of several rice varieties 

 



Sheila Izdihar Hendra Putri et al, 2023 |  106 

 

 
Figure 2. The Effect of various seed priming methods on 

the germination percentage of several rice varieties 

 

Cultivar Inpago 5 treated to hydropriming had the 

highest values on vigor index (90,67%), radicle length 

(15,75 cm), fresh weight (123,24 mg), and dry weight 

(17,37 mg) (Figure 4, Figure 5, Figure 6, and Figure 7). 

Inpago 5 has better germination and growth ability in many 

variables.  

Hydropriming and osmopriming with PEG 6000 

expedite seed hydration, promoting rapid moistening and 

initiating germination before radicle emergence [23]. Prim-

ing facilitates early germination by stimulating enzymes 

crucial for the process [24] and enhancing metabolic speed 

[25]. Low-quality seeds, often resulting from Reactive Ox-

ygen Species (ROS), instigate cell membrane phospholipid 

degradation, structural molecular damage, functional pro-

tein impairment, and genetic material damage [26]. Prim-

ing addresses this by repairing damaged cellular compo-

nents, reducing electrolyte leakage, and restoring biomole-

cules such as DNA, RNA, proteins, enzymes, and mem-

branes [27] [28]. Additionally, priming boosts the energy 

load [8], enabling plants to generate more metabolites [25]. 

 

 
Figure 3. The effect of various seed priming methods on the 

speed growth of several rice varieties 

 

 
Figure 4. The effect of various seed priming methods on the 

vigor index of several rice varieties 

 

 
Figure 5. Effect of various seed priming methods on radi-

cle length of several rice varieties 

 

 
Figure 6. The effect of various seed priming methods on 

the fresh weight of several rice varieties 

 
Figure 7. The effect of various seed priming methods on 

the dry weight of several rice varieties 
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Table 2. Effect of various seed priming methods on plumule length of several rice varieties

Varieties 
Priming 

Control Hydropriming Osmopriming 

Toyonishiki 5,38 abcd 10,04 ijk 6,02 bcde 

Yoneshiro 5,88 bcde 8,82 ghij 7,18 cdefg 

Jaya 5,28 abc 10,52 jk 6,62 bcdef 

IR 50 5,29 abc 8,42 fghi 7,21 defg 

Fortuna 3,70 a 9,19 hij 7,25 defg 

Sulutan 5,61 abcde 7,45 efgh 7,48 efgh 

IR 24 5,02 ab 9,31 hij 6,50 bcde 

Inpago 5 7,29 defg 11,92 kl 12,87 l 

LSD.05 1,91 

The mean followed by the same letter is not significantly different P<0.05 

 
Table 3. Improvement of seed viability and vigor of various rice varieties by priming treatment 

Variables Priming 

Seed Germination Range 

41-50 51-60 61-70 71-80 

Toyonishiki Yoneshiro Jaya IR 50 Fortuna Sulutan IR 24 Inpago 5 

MGP (%) 
Hydropriming 37,50 25,76 28,40 28,21 32,63 27,37 17,59 24,32 

Osmopriming 59,38 46,97 33,33 51,28 24,21 41,05 12,96 34,23 

GP (%) 
Hydropriming 40,98 29,69 28,40 28,57 34,04 27,37 16,67 22,52 

Osmopriming 62,30 51,56 33,33 50,65 25,53 40,00 12,04 32,43 

VI (%) 
Hydropriming 50,00 31,15 41,43 50,00 45,24 30,11 18,87 22,52 

Osmopriming 73,21 59,02 45,71 50,00 27,38 15,05 14,15 19,82 

GS (%) 
Hydropriming 133,59 132,44 113,25 180,62 150,27 137,94 122,01 65,84 

Osmopriming 86,30 90,46 108,01 110,84 112,61 99,64 94,27 83,64 

PL (%) 
Hydropriming 86,70 49,96 99,20 85,56 148,14 32,74 59,07 63,43 

Osmopriming 11,85 22,11 25,34 29,55 95,80 33,25 36,19 76,50 

RL (%) 
Hydropriming -3,58 18,17 16,60 56,13 69,45 7,51 58,05 28,07 

Osmopriming 16,49 10,59 22,24 36,53 81,69 1,34 41,16 24,67 

FW (%) 
Hydropriming 22,63 53,15 56,24 19,08 10,62 37,46 68,25 37,65 

Osmopriming 17,84 65,21 23,39 32,92 51,48 66,44 52,96 24,62 

DW (%) 
Hydropriming 6,69 27,76 9,58 13,55 58,07 13,67 56,57 29,42 

Osmopriming 5,62 5,02 -16,86 14,50 54,48 -4,82 34,28 19,88 

 

On the other hand, the most significant average 

increases in radicle length and increases in fresh weight 

occurred in the germination percentage range of 61-80%, 

and increases in dry weight occurred in the germination 

percentage range of 71 – 80% (Table 3). Seeds in this range 

demonstrate higher quality, enabling improved germination 

growth after priming. High-quality seeds possess superior 

physical, physiological, and pathological qualities, 

ensuring optimal growth and greater productivity [30]. 

 
 
 

4. Conclusion 
  

Priming enhances maximum growth potential, ger-

mination percentage, vigor index, growth speed, plumule 

length, radicle length, fresh weight, and dry weight, as in-

dicated by research results. Hydropriming outperformed os-

mopriming, resulting in higher vigor index, growth speed, 

plumule length, radicle length, and dry weight. Prim-ing is 

particularly effective in improving maximum growth poten-

tial, germination per-centage, vigor index, and growth speed 

within the lower germination percentage range of 41-60%. 

The most significant increases in radicle length, fresh 

weight, and dry weight through priming were observed in 
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the higher germination percentage range of 61-80%. 

 

5. Acknowledgement 
  

 We   appreciate   all   the   parties   who   have 

helped us in conducting the re-search and preparing this 

manuscript.  We also would like to express our gratitude to 

the editors and staffs of this journal. Our high appreciation 

goes to anonymous reviewers for their suggestions and 

constructive comments 

 

References 
 

[1] N. Bandumula, “Rice Production in Asia: Key to 

Global Food Security,” Proceedings of the Na-

tional Academy of Sciences India Section B - Bio-

logical Sciences, vol. 88, no. 4, pp. 1323–1328, 

Dec. 2018, doi: 10.1007/s40011-017-0867-7. 

[2] A. Tefa, “Uji viabilitas dan vigor benih padi 

(Oryza sativa L.) selama penyimpanan pada ting-

kat kadar air yang berbeda,” Savana Cendana, 

vol. 2, no. 3, pp. 48–50, 2017. 

[3] A. Powell and S. Matthews, “Association of Offi-

cial Seed Analysts Society of Commercial Seed 

Technologists (SCST),” 2012. [Online]. Availa-

ble: http://www.jstor.org 

[4] D. Thirusendura Selvi and S. Saraswathy, “Seed 

viability, seed deterioration and seed quality im-

provements in stored onion seeds: a review,” 

Journal of Horticultural Science and Biotechnol-

ogy, vol. 93, no. 1. Taylor and Francis Ltd., pp. 1–

7, Jan. 02, 2018. doi: 

10.1080/14620316.2017.1343103. 

[5] S. P. C. Groot, L. De Groot, J. Kodde, and R. Van 

Treuren, “Prolonging the longevity of ex situ con-

served seeds by storage under anoxia,” Plant Ge-

netic Resources: Characterisation and Utilisa-

tion, vol. 13, no. 1, pp. 18–26, 2015, doi: 

10.1017/S1479262114000586. 

[6] M. L. Widiastuti and S. Wahyuni, “Penerapan 

teknik invigorasi dalam meningkatkan vigor be-

nih padi,” Jurnal Penelitian dan Pengembangan 

Pertanian, vol. 39, no. 2, p. 96, Dec. 2020, doi: 

10.21082/jp3.v39n2.2020.p96-104. 

[7] S. Paparella, S. S. Araújo, G. Rossi, M. Wijaya-

singhe, D. Carbonera, and A. Balestrazzi, “Seed 

priming: state of the art and new perspectives,” 

Plant Cell Reports, vol. 34, no. 8. Springer Ver-

lag, pp. 1281–1293, Aug. 24, 2015. doi: 

10.1007/s00299-015-1784-y. 

[8] M. Farooq et al., “Seed priming in field crops: Po-

tential benefits, adoption and challenges,” Crop 

and Pasture Science, vol. 70, no. 9. CSIRO, pp. 

731–771, 2019. doi: 10.1071/CP18604. 

[9] B. Adhikari, P. R. Dhital, S. Ranabhat, and H. 

Poudel, “Eff ect of seed hydro-priming durations 

on germination and seedling growth of bitter gourd 

(Momordica charantia),” PLoS One, vol. 16, no. 8 

August, Aug. 2021, doi: 10.1371/jour-

nal.pone.0255258. 

[10] M. A. Ahmad, R. Javed, M. Adeel, M. Rizwan, 

and Y. Yang, “PEG 6000-stimulated drought 

stress improves the attributes of in vitro growth, 

steviol glycosides production, and antioxidant ac-

tivities in stevia rebaudiana bertoni,” Plants, vol. 

9, no. 11, pp. 1–10, Nov. 2020, doi: 

10.3390/plants9111552. 

[11] A. B. Mohamed, M. F. El-Banna, ; S Farouk, and 

M. A. Khafagy, “The role of grain priming and its 

duration on wheat germination and seedling 

growth,” J. Plant Production, Mansoura Univ, vol. 

10, no. 4, pp. 343–349, 2019. 

[12] A. Z. Khan et al., “Influence of seed invigoration 

techniques on germination and seedling vigor of 

maize (Zea mays L.),” Cercetari Agronomice in 

Moldova, vol. 50, no. 3, pp. 61–70, Nov. 2017, doi: 

10.1515/cerce-2017-0026. 

[13] S. Singh, G. M. Lal, B. M. Bara, S. Nand Mishra, 

and C. Shivashu Singh, “Effect of hydropriming 

and osmopriming on seed vigour and germination 

of Pea (Pisum sativum L.) seeds,” J Pharmacogn 

Phytochem, vol. 6, no. 3, 2017. 

[14] A. B. Kujur and G. M. Lal, “Effect of hydroprim-

ing and osmopriming on germination behaviour 

and vigor of soybean (Glycine max L.) seeds,” Ag-

ricultural Science Digest - A Research Journal, 

vol. 35, no. 3, p. 207, 2015, doi: 10.5958/0976-

0547.2015.00047.6. 

[15] C. Patanè, A. Saita, A. Tubeileh, S. L. Cosentino, 

and V. Cavallaro, “Modeling seed germination of 

unprimed and primed seeds of sweet sorghum un-

der PEG-induced water stress through the hy-

drotime analysis,” Acta Physiol Plant, vol. 38, no. 

5, pp. 1–12, May 2016, doi: 10.1007/s11738-016-

2135-5. 

[16] A. Shereen et al., “Effects of PEG induced water 

stress on growth and physiological responses of 

rice genotypes at seedling stage,” Pak J Bot, vol. 

51, no. 6, pp. 2013–2021, 2019, doi: 

10.30848/PJB2019-6(13). 



Sheila Izdihar Hendra Putri et al, 2023 |  109 

 

[17] A. Shereen et al., “Effects of PEG induced water 

stress on growth and physiological responses of 

rice genotypes at seedling stage,” Pak J Bot, vol. 

51, no. 6, pp. 2013–2021, 2019, doi: 

10.30848/PJB2019-6(13). 

[18] R. P. Ria, B. Lakitan, F. Sulaiman, K. Kartika, and 

R. A. Suwignyo, “Cross-ecosystem utilizing 

primed seeds of upland rice varieties for enriching 

crop diversity at riparian wetland during dry sea-

son,” Biodiversitas, vol. 21, no. 7, pp. 3008–3017, 

Jul. 2020, doi: 10.13057/biodiv/d210718. 

[19] N. Ibrahim, Z. Bhadmus, and A. Singh, “Hydro-

priming and re-drying effects on germination, 

emergence and growth of upland rice (Oryza sa-

tiva L.),” Nigerian Journal of Basic and Applied 

Sciences, vol. 21, no. 2, Aug. 2013, doi: 

10.4314/njbas.v21i2.11. 

[20] S. Utami, “Uji viabilitas dan vigoritas benih padi 

lokal Ramos adaptif Deli Serdang dengan 

berbagai tingkat dosis irradiasi sinar gamma di 

persemaian,” Agrium, vol. 18, no. 2, pp. 158–161, 

2013. 

[21] W. A. Jati, Z. P. Negara, and F. Sulaiman, “Seed 

quality of paddy variety (Oryza sativa L.) resistant 

to vegetative phase drought stress,” Jurnal Lahan 

Suboptimal: Journal of Suboptimal Lands, vol. 

10, no. 1, pp. 122–139, Apr. 2021, doi: 

10.36706/jlso.10.1.2021.538. 

[22] R. B. Arua, I. D. N. Nyana, I. K. Siadi, and I. G. 

N. Raka, “Toleransi penundaan prosesing ter-

hadap mutu fisik dan mutu fisiologis benih 

kedelai (Glycine max L. Merril),” E-Jurnal 

Agroekoteknologi Tropika, vol. 7, no. 2, pp. 264–

274, Apr. 2018, [Online].Availa-

ble:https://ojs.unud.ac.id/index.php/JAT264. 

[23] C. Forti, A. Shankar, A. Singh, A. Balestrazzi, V. 

Prasad, and A. Macovei, “Hydropriming and bi-

opriming improve medicago truncatula seed ger-

mination and upregulate dna repair and antioxi-

dant genes,” Genes (Basel), vol. 11, no. 3, Mar. 

2020, doi: 10.3390/genes11030242. 

[24] D. K. Mehta, H. S. Kanwar, A. K. Thakur, S. 

Thakur, and K. S. Thakur, “Standardization of 

seed hydro-priming duration in bitter gourd, 

Momordica charantia l.,” International Journal of 

Bio-resource and Stress Management, vol. 5, no. 

1, p. 98, 2014, doi: 10.5958/j.0976-4038.5.1.019. 

[25] R. Asra, N. Panga, and R. Sjahril, “Effect of 

Osmo-Priming with Polyethylene Glycol 6000 

(PEG-6000) on Rice Seed (Oryza sativa L.) Ger-

mination and Seedling Growth Under Drought 

Stress,” International Journal of Agriculture Sys-

tem, vol. 9, 2021, doi: 10.20956/ijas.v9i1.2558. 

[26] K. Kurek, B. Plitta-Michalak, and E. Ratajczak, 

“Reactive oxygen species as potential drivers of 

the seed aging process,” Plants, vol. 8, no. 6. 

MDPI AG, Jun. 01, 2019. doi: 

10.3390/plants8060174. 

[27] V. A. Pawar and S. L. Laware, “Seed Priming: A 

Critical Review,” International Journal of Scien-

tific Research in Biological Sciences, vol. 5, no. 5, 

pp. 94–101, 2018, [Online]. Available: www.is-

roset.org 

[28] I. Mirmazloum, A. Kiss, É. Erdélyi, M. Ladányi, 

É. Z. Németh, and P. Radácsi, “The effect of os-

mopriming on seed germination and early seedling 

characteristics of carum carvi L.,” Agriculture 

(Switzerland), vol. 10, no. 4, Apr. 2020, doi: 

10.3390/agriculture10040094. 

[29] C. Chomontowski, H. Wzorek, and S. Podlaski, 

“Impact of sugar beet seed priming on seed quality 

and performance under diversified environmental 

conditions of germination, emergence and 

growth,” J Plant Growth Regul, vol. 39, no. 1, pp. 

183–189, Mar. 2020, doi: 10.1007/s00344-019-

09973-2. 

[30] T. K. Suharsi, M. Syukur, and A. R. Wijaya, 

“Karakterisasi buah dan penentuan saat masak fisi-

ologi benih beberapa genotipe cabai (Capsicum 

annuum L.,” Jurnal Agronomi Indonesia, vol. 43, 

no. 3, pp. 207–2012, 2015. 
 
 


