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The government of Sri Lanka has targeted to increase the production of soybean by the

area cultivated. This target was unable to be achieved due to lack of supply in good 

quality seeds at time of planting. Currently, seed production is only carried out in a single

location in Sri Lanka, hence new areas for seed production are required. Seed quality is

influenced by both the pre-and post-harvest factors. However, effect of pre harvest

production environments on seed quality has not yet been clarified. Therefore, the aim
of the first study was to determine the effect of seed production environment on seed 

development, maturation, and subsequent seed quality. The experiment was conducted

at six production environments, three locations [Alutarama (ALU), Polonnaruwa (POL) 

Mahailuppalama (MI)] over two planting cycles (P1, P2). Seed development and

maturation, seed and seedling quality characteristics were evaluated at five reproductive

(R6, R7, R8, R8+5 and R8+10) maturity stages. The study infers that production 

environment at the late reproductive (LR) stage (R6-R8) was critical in determining the

seed quality. If the LR coincides with more than 100 mm of rainfall or 75% of relative

humidity considered as wet environment, otherwise considered as dry. A longer duration

was required for the seeds to mature, around 27.5 days, if the LR stage coincided with 

wet environment (P1 ALU, P2 ALU P2 POL), in contrast to only 17.5 days in dry

environment (P1 MI, P1 POL, P2 MI). Seed lots from dry environment during LR stage
surpassed the minimum quality standards (75% final germination) at maturity stage R7 

onwards, while this only occurred at maturity stage R8 for wet environments. Soybean

seeds with minimum quality standards can be produced in all three locations provided 

harvesting is done at the correct LR stage. However, the quality of the seeds upon storage

may differ due to the influence of the production environment. In the second experiment,

full mature stage (R8) seeds were obtained from six environments, and upon drying,

seeds were stored over one-year period in two different conditions, ambient (24.6 - 33.8

°C, RH 37-88%) and modified storage condition (20 °C ± 2°C, RH 60-70%). The quality

of the stored seeds was evaluated at different storage periods (0, 2, 4, 6, 8, 10, 12 months)

to monitor the rate of deterioration. Seeds were subjected to germination and vigor test,
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antioxidant enzyme activities, and malondialdehyde content. Seed lots that matured in 

dry environments maintained minimum quality standards for over 12 months under 

modified storage conditions while only 8 months of storage was possible in ambient 

condition. A slower rate of reduction was obtained in antioxidant capacity for seeds 

stored under modified conditions compared with ambient. Thus, modified store is 
recommended with comparatively low construction (1/3) and running (1/4) cost 

compared with cold storage. Despite the improvement in storability, decline in seed 

vigour during storage is inevitable due to ageing. The ageing effects can be alleviated, 

through seed priming.  Thus, the third experiment investigated the effects of Humic acid 

(HA) (an environmentally safe priming agent) on activities of antioxidant enzymes and 

lipid peroxidation along with the consequences on seed germination in naturally aged 

soybean seed. Seed lot that was removed from a 12-month storage under ambient 

condition with 60±5% germination was primed using distilled water or 0.2 g/L HA 

solution at 25 °C for 1, 3, 5 and 7 h with non-primed dry seeds as control, resulting in 

nine treatment combinations. Laboratory and field experiments were carried out to test 

for the best priming treatment to improve seed germination and seedling vigour. HA 

priming for 5h mitigated the adverse effect of seed deterioration on germination-related 
traits by increasing the antioxidant enzyme activity [catalase (CAT) and peroxidase 

(POD)] and reducing malondialdehyde (MDA) content. In conclusion, soybean seeds 

can be produced above the minimum quality standard in P1 at MI and POL by managing 

planting time (from January to March and in P2 at ALU, POL and MI from June to 

August and can be stored for 8 months under modified storage condition. Overall 

findings from this study can be used to increase soybean seed availability at time of 

planting.  
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Kerajaan Sri Lanka menyasarkan untuk mempertingkatkan pengeluaran dan meluaskan 

penanaman kacang soya atas dasar keselamatan makanan dan makanan ternakan negara 

tetapi sukar dicapai kerana menghadapi masalah pengeluaran biji benih yang berkualiti. 

Ketika ini, pengeluaran biji benih hanya dijalankan di satu kawasan sahaja. Oleh itu, 

kawasan baharu diperlukan untuk meningkatkan pengeluaran biji benih. Faktor pra dan 
pasca tuai banyak mempengaruhi kualiti biji benih. Oleh itu, kajian pertama telah 

dilakukan untuk menentukan kesan persekitaran semasa penanaman biji benih terhadap 

perkembangan benih, kematangan dan seterusnya kualiti biji benih yang dihasilkan. 

Eksperimen dilakukan di enam persekitaran yang berlainan iaitu tiga kawasan yang 

berbeza [Alutarama (ALU), Polonnaruwa (POL) dan Mahailuppalama (MI)] dan dua 

kitaran penanaman (P1 dan P2). Perkembangan dan kematangan serta kualiti biji benih 

dinilai mengikut lima peringkat kematangan (R6, R7, R8, R8+5 dan R8+10). Kajian 

menunjukkan persekitaran penanaman di peringkat akhir kematangan (R6-R8) 

merupakan peringkat yang penting dalam menentukan kualiti biji benih kacang soya. 

Jika peringkat akhir kematangan berlaku pada musim lembap (P1 ALU, P2 ALU P2 

POL), kematangan mengambil masa yang lama iaitu sekitar 27.5 hari berbanding semasa 

musim kering (P1 MI, P1 POL, P2 MI) iaitu sekitar 17.5 hari. Biji benih yang dituai 
semasa peringkat akhir kematangan semasa musim kering melepasi minimum biji benih 

berkualiti (percambahan melebihi 75%) dan ini dicapai sekitar peringkat kematangan R7 

berbanding semasa musim lembap iaitu pada peringkat kematangan R8. Biji benih 

kacang soya berkualiti dapat dihasilkan di ketiga-tiga lokasi, dengan syarat penuaian 

dilakukan di peringkat kematangan yang betul. Akan tetapi, kualiti biji benih semasa 

penyimpanan mungkin berbeza akibat pengaruh kesan persekitaran. Eksperimen kedua 

dijalankan dengan menyimpan biji benih yang dituai pada peringkat kematangan R8 

selama setahun di dua keadaan yang berbeza iaitu penyimpanan suhu bilik (suhu 24.6 – 

33.8 °C, kadar kelembapan 37-88%) dan dalam keadaan penyimpanan yang dimodifikasi 

(suhu 20 ± 2°C, kadar kelembapan 60-70%). Kualiti biji benih dinilai pada setiap 2 bulan 
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sepanjang tempoh penyimpanan. Ujian seperti ujian percambahan dan kesegahan benih, 

ujian konduksi elektrik, aktiviti enzim anti-oksida, dan jumlah malondialdehid dilakukan 

sepanjang tempoh tersebut. Hasil ujian menunjukkan biji benih yang di simpan dalam 

penyimpanan dimodifikasi dapat mengekalkan minimum kualiti biji benih sepanjang 

tempoh 12 bulan berbanding biji benih yang disimpan dalam penyimpanan suhu bilik di 
mana kualiti menurun selepas 8 bulan. Hasil ujian menunjukkan anti-oksida biji benih 

lebih tinggi apabila ianya disimpan di ruang penyimpanan dimodifikasi berbanding 

penyimpanan suhu bilik. Oleh itu penyimpanan dalam keadaan suhu 20 °C ± 2°C, kadar 

kelembapan 60-70% boleh dilakukan sebagai alternatif penyimpanan biji benih kacang 

soya kerana kos pembinaan (1/3) dan kos penyelenggaraan (1/4) yang lebih murah 

berbanding penyimpanan bersuhu rendah. Walau bagaimanapun, kesegahan biji benih 

kacang soya menurun sepanjang tempoh menyimpanan akibat penuaan.  Kesan penuaan 

dapat dikurangkan melalui kaedah priming biji benih menggunakan pelbagai ejen 

priming. Oleh itu, eksperimen ketiga dilakukan untuk mengkaji kesan asid humik (HA) 

(ejen priming yang mesra alam sekitar) ke atas aktiviti enzim antioksida, peroksidasi 

lipid pada biji benih kacang soya yang sudah lama. Biji benih dengan kadar percambahan 

60±5% selepas 12 bulan penyimpanan digunakan dalam eksperimen ini dan priming 
dengan kadar larutan air suling dan 0.2g/L HA dalam suhu 25°C selama 1, 3,5 dan 7 

jam. Eksperimen di makmal dan lapangan dilakukan untuk menentukan kadar yang 

sesuai untuk meningkat percambahan dan kesegahan biji benih. Priming biji benih 

kacang soya menggunakan HA selama 5 jam dapat mengurangkan kemerosotan kualiti 

biji benih dengan meningkatkan aktiviti enzim antioksida katalase (CAT) dan 

peroksidase (POD) serta mengurangkan jumlah malondialdehid dalam biji benih. Kajian 

menunjukkan priming pada kadar larutan 0.2g/L HA selama 5 jam merupakan kaedah 

yang praktikal untuk memperbaiki kesegahan anak benih menggunakan biji benih yang 

berkualiti rendah. Secara rumusan, biji benih kacang soya yang melepasi kualiti 

minimum boleh dihasilkan di kedua-dua kawasan MI dan POL dengan melakukan 

penanaman pada masa yang sesuai iaitu diantara Jun sehingga Ogos (P1) dan dari Januari 
sehingga Mac (P2) dan boleh di simpan selama 8 bulan di dalam penyimpanan yang 

dimodifikasi. Keseluruhan dapatan daripada kajian ini boleh digunakan untuk membantu 

meningkatkan ketersediaan benih kacang soya pada masa penanaman. 
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CHAPTER 1 

1 INTRODUCTION 

Soybean (Glycine max (L.) Merrill) is a legume belonging to the family Leguminosae 

and subfamily Papilionoidea (Nguyen & Bhattacharyya, 2017), which grows well in 

tropical, subtropical and temperate climates. Soybean plays an important role in the 
world food supply and is the second-largest contributor to the world vegetable oil 

production after oil palm. Based on the extent of cultivation, it is ranked fourth in the 

world after wheat, rice and maize (Rębilas et al., 2020). Soybean seeds contain 20% oils 

and 40% protein (Meena, 2017), hence it is considered as a valuable source of protein.  

Soybean is deemed important in Sri Lanka because of the country’s growing demand for 

feed in the livestock industry, and in human nourishment. To date, around 235,000 t of 

soybean is required annually in Sri Lanka. (15,000 t for human and 220,000 t for animal 

feed) (Ministry of Agriculture, 2017). More than 90% of the total national requirement 

is imported, utilizing a large amount of money (65 million US Dollars in 2015) for 

soybean importation and it is expected to increase yearly (Presidential Task Force on 

National Food Production (PTFNFP), 2015). Currently, soybean is cultivated in two 

growing seasons per year, the main cultivation season (dry) being May to September 
(84%), while the off season (wet) is in November to February with only 16% of the total 

cultivation (7000 ha) for the period 2013-2017. To reduce importation, the production 

of local soybean must be increased by increasing productivity as well as expansion of 

cultivation area. There is a huge potential exists to increase the soybean cultivation in 

Sri Lanka specially in the dry season by utilizing partially abandoned paddy land due to 

water shortage (Wijesekera, 2015). Therefore, the Ministry of Agriculture’s mission is 

to increase the extent of cultivation up to 42,000 ha from the current 7,000 ha to reduce 

the importation of soybean (PTFFP, 2015). The expansion plan can only succeed if it is 

supported by the production and supply of quality seeds at the time of planting. 

Currently, seed production activities of the country are being carried out at 16 seed 

production regions specialized for one or a few selected crops based on the 
environmental suitability, farmers preferences and experience (Weerasekara et al., 2012; 

Kariyawasam et al., 2018).  Accordingly, soybean seed production is mainly carried out 

at the Anuradhapura district [Mahaillupallama (MI) seed production region] and 

concentrates on a single variety (PB-1) due to unavailability of other recommended 

varieties. Based on the reports of Department of Agriculture (DOA), soybean seed 

production stagnated around 400-500 t per year, barely meeting the current cultivation 

requirement. The production centers are not equipped with seed storage facility causing 

more than 20% of produced seed lots to lose their viability before the next planting 

season.  However, if land area planted with soybean is to be increased, a concomitant 

increase in the availability of quality seeds must triumph. Hence, the current seed 

production program which focuses at MI seed production region must be intensified by 

the introduction of new seed production areas for a four-fold increase in the amount of 

quality seeds required for the total planting hectarage.  
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Seed quality is a vital attribute for crop production and food security (Finch-Savage & 

Bassel, 2016). According to the Sri Lankan seed quality standard, a minimum 

germination level of 75% must be maintained prior to planting and it is the main 

challenge faced by the seed producers.  Therefore, to address the quality issue of soybean 

it is important to evaluate the seed from pre- and post-harvest perspective. Pre-harvest 
encompasses the seed development phases upon successful pollination and fertilization. 

During development process, the seed will undergo a series of morphological and 

physiological changes which will eventually influence the quality of the harvested seeds 

(Baskin & Baskin, 2014). However, limited information is available on quality changes 

of soybean under different production environments. Thus, an attempt was made to 

investigate the effect of production environment on seed quality of soybean with the aim 

to recommend areas suitable for seed production. 

In view of the current soybean cultivation pattern of the country, main seed demand 

occurs just before the beginning of the dry season (main season). To fulfill the demand, 

seeds produced from the previous two seasons will be used.  Thus, seed storage is a 

prerequisite to maintain the viability of the seeds and it is considered as a critical post-

harvest factor which determines the final seed quality prior to planting. In Sri Lanka, 
soybean seeds are stored under ambient store condition where fluctuation in temperature 

(25 – 34 °C) and relative humidity (37-87%) occurs. It is reported that fluctuating seed 

storage conditions  are harmful for seed viability and longevity (Jyoti & Malik, 2013). 

Most of the research findings have suggested to store the seeds under ideal conditions 

such as low temperature (<15 °C) and low humidity (<50%) to retain viability during 

seed storage. However, due to the hot tropical conditions in Sri Lanka, it is difficult to 

achieve and to maintain the above-mentioned conditions without a huge investment, 

which is economically not viable for both farmers and commercial seed producers. 

Therefore, it is imperative to introduce economically viable system for commercial seed 

producer to ensure minimum losses of seed quality during storage. The installation of air 

conditioners in the stores will allow the maintenance of the temperature at 20 °C and 
humidity around 50-60%, which according to McCormack, (2010)  will be the ideal 

solution with considerably low investment for the mid-level seed handlers. However, the 

effectiveness and advantage of using air-conditioning to prolong seed longevity has not 

been evaluated until now. 

Even under ideal storage conditions, seed quality losses are unavoidable. As a result, 

seeds maybe be viable but have low vigour producing poor seedling quality upon field 

planting, delayed germination and contribute to uneven field establishments.  Pre-

sowing seed improvement treatments, play a critical role in instilling repair mechanisms 

in aged seed (Komala et al., 2018; Marthandan et al., 2020), through changes in the 

metabolic processes at the early stages of germination. Seed priming is a popular pre-

sowing seed enhancement technique, in which seeds are treated with some aqueous 

solution of priming agents whereby the seed is moderately hydrated to the point where 
pre-germination metabolic processes are initiated without actual germination, followed 

by dry back to its original moisture level (Ocvirk et al., 2021). The priming process 

stimulates enzyme activation and protein synthesis, as well as cell membrane restoration 

and antioxidant defence mechanisms (Mohamed et al., 2018), and the collective result is 

rapid and uniform germination, improved seedling vigour, and growth of seeds via 

initiation of repair mechanism (Malek et al., 2019; Vieira et al., 2018). To improve the 
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seed and seedling vigour, numerous seed priming procedures are being employed, 

including water (hydropriming), osmotic solutions (osmopriming), and matric materials 

(matricpriming). In previous investigations on priming of soybean seeds, numerous 

priming agents were recommended such as polyethylene glycol (PEG) (Thant et al., 

2017), salicylic acid (SA) (Nazari et al., 2020), potassium nitrate (KNO3), potassium 
chloride (KCl) and ascorbic acid (ASA)  (Miladinov et al., 2020). The above-mentioned 

chemicals have shown positive effect, although, concerns of its use on the environment 

and the search for user-friendly seed priming agent for sustainability is on-going. Thus, 

environmentally friendly additives for seed priming are becoming a trend.  Humic acid 

(HA) is considered  as an environmentally friendly seed additive, since it is the primary 

decomposition product of plant and animal tissues and showed positive results in various 

crops such as chilli (Ananthi et al., 2017), sesame (Souguiri & Hannachi, 2017), wheat 

(Nazi et al., 2014; Patil et al., 2010) and pea (Gawlik et al., 2013). According to the 

findings of these investigations, the efficacy of HA priming is dependent on the 

concentration and soaking time, which differ for each crop. To date, there has been no 

report on the use of HA as a soybean priming agent, specifically on the repair processes 

based on enzyme activation and reduction of peroxidation activity.  

Based on the background information provided above, this study was conducted with the 

following objectives : 

 

1. To study the effect of different production environments on seed development, 

harvest maturity and quality of soybean seeds, cultivar PB-I. 

2. To determine the longevity of soybean seeds, cultivar PB-1, produced in 

different production environments upon storage under ambient and air-

conditioned room. 

3. To investigate the use of humic acid (HA) as a potential priming agent for 

invigoration of stored soybean seeds. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

106 

7 REFERENCES 

Abbasi, A. S., Sharifzadeh, F., & Afshari, R. T. (2012). Effect of drying conditions and 

harvest time on soybean seed viability and deterioration under different storage 

temperature. African Journal of Agricultural Reseearch, 7(36), 5118–5127. 

https://doi.org/10.5897/ajar12.060 

Abdel-Monaim, M. F., Ismail, M. E., & Morsy, K. M. (2011). Induction of systemic 

resistance of benzothiadiazole and humic acid in soybean plants against 

Fusarium wilt disease. Mycobiology, 39(4), 290–298. 

https://doi.org/10.5941/MYCO.2011.39.4.290 

Abdul‐Baki, A. A., & Anderson, J. D. (1973). Vigor determination in soybean seed by 

multiple criteria 1. In Crop Science (Vol. 13, Issue 6, pp. 630–633). 

https://doi.org/10.2135/cropsci1973.0011183x001300060013x 

Aberathne, M. S., & Chithrapala, N. H. M. S. (2013). Present status, constrains and 

strategies to increase soybean production in Sri Lnaka. Annals of Sri Lanka 

Departmnet of Agriculture, 193–206. 

Aebi, H. (1984). Formation or removal of oxygem radicals. Methods in Enzymology, 

105(C), 121–126. https://doi.org/10.1016/S0076-6879(84)05016-3 

Afzal, I., Rauf, S., Basra, S. M. A., & Murtaza, G. (2008). Halopriming improves vigor, 

metabolism of reserves and ionic contents in wheat seedlings under salt stress 

I. Nanocarrier Technologies: Frontiers of Nanotherapy, 54(9), 382–388. 

https://doi.org/10.1007/978-1-4020-5041-1_4 

Akter, N., Haque, M., Islam, M., & Alam, K. (2014). Seed quality of stored soybean 

(Glycine max L.) as influenced by storage containers and storage periods. The 

Agriculturists, 12(1), 85–95. https://doi.org/10.3329/agric.v12i1.19585 

Al-Ansari, F., & Ksiksi, T. (2016). A quantitative assessment of germination parameters: 

the case of Crotalaria persica and Tephrosia Apolllinea. The Open Ecology 

Journal, 9(1), 13–21. https://doi.org/10.2174/1874213001609010013 

Alencar, E. R. De, Faroni, L. R. D. A., Filho, A. F. D. L., Ferreira, L. G., & Meneghitti, 

M. R. (2003). Influence of different storage conditions on soybean grain 

quality. 9th International Working Conference on Stored Product Protection, 

30–37. 

Ali, I. M., Nulit, R., Ibrahim, M. H., & Kamal Uddin, M. (2018). Effect of delay harvest 

on seed quality and germination of three varieties of soybean (Glycinemax) 

seeds. Plant Archives, 18(2), 1961–1966. 

 

 



© C
OPYRIG

HT U
PM

 

107 

Ali, I., Nulit, R., Ibrahim, M. H., & Uddin, M. K. (2017). Deterioration of quality 

soybean seeds (Glycine Max (L.) Merr. AGS 190) at harvest stages, seed 

moisture content and storage temperature in Malaysia. International Journal of 

Biosciences (IJB), 10(5), 372–381. https://doi.org/10.12692/ijb/10.5.372-381 

Ali, M., Rahman, M., Wadud, M., Fahim, A., & Nahar, M. (2018). Effect of Seed 
Moisture Content and Storage Container on Seed Viability and Vigour of 

Soybean. Bangladesh Agronomy Journal, 21(1), 131–141. 

https://doi.org/10.3329/baj.v21i1.39392 

Alsajri, F. A., Wijewardana, C., Irby, J. T., Bellaloui, N., Krutz, L. J., Golden, B., Gao, 

W., & Reddy, K. R. (2020). Developing functional relationships between 

temperature and soybean yield and seed quality. Agronomy Journal, 112(1), 

194–204. https://doi.org/10.1002/agj2.20034 

Ananthi, M., Selvaraju, P., & Sundaralingam, K. (2017). Standardization of suitable 

concentration and duration of seed biopriming with humic acid in chilli. 

International Journal of Chemical Studies, 5(3), 636–639. 

Angelovici, R., Galili, G., Fernie, A. R., & Fait, A. (2010). Seed desiccation: a bridge 

between maturation and germination. Trends in Plant Science, 15(4), 211–218. 

https://doi.org/10.1016/j.tplants.2010.01.003 

Arif, M., Jan, M. T., Marwat, K. B., & Khan, M. A. (2008). Seed priming improves 

emergence and yield of soybean. Pakistan Journal of Botany, 40(3), 1169–

1177. 

Asgharipour, M. R., & Rafiei, M. (2011). The effect of different concentrations ofhumic 

acidonseed germination behavior and vigor of barley. Australian Journal of 

Basic and Applied Sciences, 5(12), 610–613. 

Ayala, A., Muñoz, M. F., & Argüelles, S. (2014). Lipid peroxidation: Production, 

metabolism, and signaling mechanisms of malondialdehyde and 4-hydroxy-2-

nonenal. Oxidative Medicine and Cellular Longevity, 2014. 

https://doi.org/10.1155/2014/360438 

Baek, J.-S., & Chung, N.-J. (2014). Influence of rainfall during the ripening stage on pre-

harvest sprouting, seed quality, and longevity of Rice (Oryza sativa L.). Korean 

Journal of Crop Science, 59(4), 406–412. 

https://doi.org/10.7740/kjcs.2014.59.4.406 

Bailly, C. (2004). Active oxygen species and antioxidants in seed biology. Seed Science 

Research, 14(2), 93–107. https://doi.org/10.1079/ssr2004159 

Bailly, C., Audigier, C., Ladonne, F., Wagner, M. H., Coste, F., Corbineau, F., & Côme, 

D. (2001). Changes in oligosaccharide content and antioxidant enzyme 

activities in developing bean seeds as related to acquisition of drying tolerance 

and seed quality. Journal of Experimental Botany, 52(357), 701–708. 

https://doi.org/10.1093/jexbot/52.357.701 



© C
OPYRIG

HT U
PM

 

108 

Bailly, C., Benamar, A., Corbineau, F., & Côme, D. (2000). Antioxidant systems in 

sunflower (Helianthus annuus L.) seeds as affected by priming. Seed Science 

Research, 10(1), 35–42. https://doi.org/10.1017/S0960258500000040 

Bailly, C., Bogatek-Leszczynska, R., Côme, D., & Corbineau, F. (2002). Changes in 

activities of antioxidant enzymes and lipoxygenase during growth of sunflower 
seedlings from seeds of different vigour. Seed Science Research, 12(1), 47–55. 

https://doi.org/10.1079/ssr200197 

Bakal, H., Gulluoglu, L., Onat, B., & Arioglu, H. (2017). The effect of growing seasons 

on some agronomic and quality characteristics of Soybean varieties in 

mediterranean region in Turkey. Turkish Journal of Field Crops, 22(2), 187–

196. https://doi.org/10.17557/tjfc.356213 

Bakhtavar, M. A., & Afzal, I. (2020). Climate smart dry chain technology for safe 

storage of quinoa seeds. Scientific Reports, 10(1), 1–12. 

https://doi.org/10.1038/s41598-020-69190-w 

Balesevic-Tubic, S., Malencic, D., Tatic, M., & Miladinovic, J. (2005). Influence of 

aging process on biochemical changes in sunflower seed. Helia, 28(42), 107–

114. https://doi.org/10.2298/hel0542107b 

Bardel, J., Louwagie, M., Jaquinod, M., Jourdain, A., Luche, S., Rabilloud, T., Macherel, 

D., Garin, J., & Bourguignon, J. (2002). A survey of the plant mitochondrial 

proteome in relation to development. Proteomics, 2(7), 880–898. 

https://doi.org/10.1002/1615-9861(200207)2:7<880::AID-

PROT880>3.0.CO;2-0 

Bareke, T. (2018). Biology of seed development and germination physiology. Advances 

in Plants & Agricultural Research, 8(4), 336–346. 

https://doi.org/10.15406/apar.2018.08.00336 

Baskin, C. C., & Baskin, J. M. (2014). Seeds: ecology, biogeography, and, evolution of 

dormancy and germination (2nd Editio). Elsevier. 

Basu, S., Sharma, S. P., & Dadlani, M. (2005). Effect of hydropriming on field 
emergence, crop performance and seed yield of maize parental lines during 

winter and spring-summer season. SEED RESEARCH-NEW DELHI-, 33(1), 

24. 

Bewley, J. D., Bradford, K. J., Hilhorst, H. W. M., & Nonogaki, H. (2013). Seeds: 

Physiology of development, germination and dormancy, 3rd edition. In Seeds: 

Physiology of Development, Germination and Dormancy, 3rd Edition (Vol. 

9781461446, Issue C). https://doi.org/10.1007/978-1-4614-4693-4 

Bhattacharya, S., Chowdhury, R., & Mandal, A. K. (2015). Seed invigoration treatments 

for improved germinability and field performance of soybean [Glycine max 

(L.)Merill]. Indian Journal of Agricultural Research, 49(1), 32–38. 

https://doi.org/10.5958/0976-058X.2015.00004.9 



© C
OPYRIG

HT U
PM

 

109 

Biradar, R., & Jirali, D. I. (2017). Impact of the seed treatment, packing materials and 

storage temperature on viability of soybean. Plant Archives, 17(2), 1078–1084. 

Bisht, P.; Prasad, B.; Goswami, A. P. and Joshi, V. C. (2015). Evaluation of relative 

storage          potential of soybean (Glycine max (L.) Merrill) varieties through 

Accelerated Aging. In Environment  and Ecology (Vol. 33, Issue 1B, pp. 589–

591). 

Black, M., Bewley, J. D., & Halmer, P. eds. (2006). The encyclopaedia of seeds: science, 

technology and uses. In Wallingfod, UK CABI. 

https://doi.org/10.1093/aob/mcm225 

Brar, N. S., Kaushik, P., & Dudi, B. S. (2019). Assessment of natural ageing related 

physio-biochemical changes in onion seed. Agriculture (Switzerland), 9(8). 

https://doi.org/10.3390/agriculture9080163 

Buitink, J., & Leprince, O. (2008). Intracellular glasses and seed survival in the dry state. 

Comptes Rendus - Biologies, 331(10), 788–795. 

https://doi.org/10.1016/j.crvi.2008.08.002 

Bussotti, F., Ferrini, F., Pollastrini, M., & Fini, A. (2014). The challenge of 

Mediterranean sclerophyllous vegetation under climate change: From 
acclimation to adaptation. Environmental and Experimental Botany, 103, 80–

98. https://doi.org/10.1016/j.envexpbot.2013.09.013 

Candogan, B. N., & Yazgan, S. (2016). Yield and quality response of soybean to full 

and deficit irrigation at different growth stages under sub-humid climatic 

conditions. Journal of Agricultural Science, 22, 129–144. 

https://doi.org/10.1501/Tarimbil 

Canellas, L. P., Canellas, N. O. A., Luiz Eduardo, L. E. S., Olivares, F. L., & Piccolo, 

A. (2020). Plant chemical priming by humic acids. Chemical and Biological 

Technologies in Agriculture, 7(1), 1–17. https://doi.org/10.1186/s40538-020-

00178-4 

Capilheira, A. F., Silva, J. G. da, Cavalcante, J. A., Hornke, N. F., & Gadotti, G. I. 
(2020). Quality of corn seeds stored in different types of packaging and stress 

conditions. Revista Engenharia Na Agricultura - Reveng, 28, 185–191. 

https://doi.org/10.13083/reveng.v28i.972 

Carmello, V., Santa, L., & Neto, A. (2016). Rainfall variability and soybean yield in 

Paraná State , Southern Brazil. International Journal of Environmental & 

Agriculture Research, 2(1), 86–97. 

Castro, E. de M., Oliveira, J. A., Lima, A. E. de, Santos, H. O. dos, & Barbosa, J. I. L. 

(2016). Physiological quality of soybean seeds produced under artificial rain in 

the pre-harvesting period. Journal of Seed Science, 38(1), 14–21. 

https://doi.org/10.1590/2317-1545v38n1154236 



© C
OPYRIG

HT U
PM

 

110 

Caverzan, A., Casassola, A., & Brammer, S. P. (2016). Reactive oxygen species and 

antioxidant enzymes involved in plant tolerance to stress. In Abiotic and biotic 

stress in plants-Recent advances and future perspectives (pp. 464–480). Tech. 

https://doi.org/http://dx.doi.org/10.5772/61368 

Central Bank of Sri Lanka. (2020). Economic and Social Statistics of Sri Lanka. 

Champathi Gunathilake, D. M. C., Bhat, J., Singh, I. R., & Tharanga Kahandawala, K. 

A. (2019). Dynamics of the physical properties of soybean during storage under 

tropical condition. Legume Research, 42(3), 370–374. 

https://doi.org/10.18805/LR-447 

Chandra, J., Sershen, Varghese, B., & Keshavkant, S. (2019). The potential of ROS 

inhibitors and hydrated storage in improving the storability of recalcitrant 

Madhuca Latifolia Seeds. Seed Science and Technology, 47(1), 33–45. 

https://doi.org/10.15258/sst.2019.47.1.04 

Chithrapala, N. H. M. S., Aberathne, M. S., Samarakoon Manike, S. M., & 

Pusphakumara, U. (2015). MISB 01 – A new soybean [Glycine max (L.) 

MERRILL] variety for the dry and intermediate zone of Sri Lanka. Annals of 

Sri Lanka Departmnet of Agriculture, 17, 180–186. 

Choi, D. H., Ban, H. Y., Seo, B. S., Lee, K. J., & Lee, B. W. (2016). Phenology and seed 

yield performance of determinate soybean cultivars grown at elevated 

temperatures in α temperate region. PLoS ONE, 11(11), 1–18. 

https://doi.org/10.1371/journal.pone.0165977 

Copeland, L. O., & McDonald, M. B. (2001). Principles of Seed Science and 

Technology. In Principles of Seed Science and Technology. 

https://doi.org/10.1007/978-1-4615-1783-2 

Coradi, P. C., Lima, R. E., Padia, C. L., Alves, C. Z., Teodoro, P. E., & Carina da Silva 

Cândido, A. (2020). Soybean seed storage: Packaging technologies and 

conditions of storage environments. Journal of Stored Products Research, 89. 

https://doi.org/10.1016/j.jspr.2020.101709 

de Oliveira, A. B., Gomes-Filho, E., Enéas-Filho, J., Prisco, J. T., & Alencar, N. L. M. 

(2012). Seed priming effects on growth, lipid peroxidation, and activity of ROS 

scavenging enzymes in NaCl-stressed sorghum seedlings from aged seeds. 

Journal of Plant Interactions, 7(2), 151–159. 

https://doi.org/10.1080/17429145.2011.582590 

De Vitis, M., Hay, F. R., Dickie, J. B., Trivedi, C., Choi, J., & Fiegener, R. (2020). Seed 

storage: maintaining seed viability and vigor for restoration use. Restoration 

Ecology, 28(S3), S249–S255. https://doi.org/10.1111/rec.13174 

 

 



© C
OPYRIG

HT U
PM

 

111 

Dekkers, B. J. W., Costa, M. C. D., Maia, J., Bentsink, L., Ligterink, W., & Hilhorst, H. 

W. M. (2015). Acquisition and loss of desiccation tolerance in seeds: from 

experimental model to biological relevance. Planta, 241(3), 563–577. 

https://doi.org/10.1007/s00425-014-2240-x 

Demir, I., Ashov, A. M., & Mavi, K. (2008). Effect of seed production environmnet and 
time of harvest on Tomato (Lycopersicon esculentum) seedling growth. 

Research Journal of Seed Science, 1(1), 1–10. 

Department of Agriculture. (2019). AgStat. Socio Economics and Planning Centre, 

Department of Agriculture. Peradeniya. 

Dierig, D. A., Adam, N. R., Mackey, B. E., Dahlquist, G. H., & Coffelt, T. A. (2006). 

Temperature and elevation effects on plant growth, development, and seed 

production of two Lesquerella species. Industrial Crops and Products, 24(1), 

17–25. https://doi.org/10.1016/j.indcrop.2005.10.004 

Dierking, E. C., & Bilyeu, K. D. (2009). Raffinose and stachyose metabolism are not 

required for efficient soybean seed germination. Journal of Plant Physiology, 

166(12), 1329–1335. https://doi.org/10.1016/j.jplph.2009.01.008 

Diniz, F. O., Reis, M. S., Dias, L. A. dos S., Araújo, E. F., Sediyama, T., & Sediyama, 
C. A. (2013). Qualidade fsiológica de sementes de cultivares de soja submetidas 

ao retardamento de colheita e sua relação com a emergência das plântulas em 

campo. Journal of Seed Science, 35(2), 147–152. 

https://doi.org/10.1590/S2317-15372013000200002 

Du, B., Luo, H., He, L., Zhang, L., Liu, Y., Mo, Z., Pan, S., Tian, H., Duan, M., & Tang, 

X. (2019). Rice seed priming with sodium selenate: Effects on germination, 

seedling growth, and biochemical attributes. Scientific Reports, 9(1), 1–9. 

https://doi.org/10.1038/s41598-019-40849-3 

Dutra, A. S., & Vieira, R. D. (2006). Electrical conductivity as vigour test for squash 

seeds. Brazilian Journal of Seeds, 28(2), 117–122. 

https://doi.org/10.1590/s0101-31222006000200015 

Ebone, L. A., Caverzan, A., & Chavarria, G. (2019). Physiologic alterations in orthodox 

seeds due to deterioration processes. In Plant Physiology and Biochemistry 

(Vol. 145, pp. 34–42). Elsevier Masson SAS. 

https://doi.org/10.1016/j.plaphy.2019.10.028 

Ebone, L. A., Caverzan, A., Silveira, D. C., Siqueira, L. de O., Lângaro, N. C., 

Chiomento, J. L. T., & Chavarria, G. (2020). Biochemical profile of the soybean 

seed embryonic axis and its changes during accelerated aging. Biology, 9(8), 

1–17. https://doi.org/10.3390/biology9080186 

 

 



© C
OPYRIG

HT U
PM

 

112 

Ebone, L. A., Caverzan, A., Tagliari, A., Chiomento, J. L. T., Silveira, D. C., & 

Chavarria, G. (2020). Soybean seed vigor: Uniformity and growth as key 

factors to improve yield. Agronomy, 10(4). 

https://doi.org/10.3390/agronomy10040545 

Ebrahimi, M., & Miri, E. (2016). Effect of humic acid on seed germination and seedling 
growth of Borago officinalis and Cichorium intybus. Ecopersia, 4(1), 1239–

1249. https://doi.org/10.18869/modares.ecopersia.4.1.1239 

Egli, D. B. (1997). Cultivar maturity and response of soybean to shade stress during seed 

filling. Field Crops Research, 52(1–2), 1–8. https://doi.org/10.1016/S0378-

4290(97)00005-1 

Egli, D. B., TeKrony, D. M., Heitholt, J. J., & Rupe, J. (2005). Air temperature during 

seed filling and soybean seed germination and vigor. Crop Science, 45(4), 

1329–1335. https://doi.org/10.2135/cropsci2004.0029 

El-Maarouf-Bouteau, H., Meimoun, P., Job, C., Job, D., & Bailly, C. (2013). Role of 

protein and mRNA oxidation in seed dormancy and germination. Frontiers in 

Plant Science, 4(APR). https://doi.org/10.3389/fpls.2013.00077 

El, H., Bouteau, M., & Bailly, C. (2008). Oxidative signaling in seed germination and 

dormancy. Plant Signaling & Behavior, 3(3), 175–182. 

Ellis, R. H., & Roberts, E. H. (1981). The quantification of ageing and survival in 

orthodox seeds. Seed Science and Technology, 9, 373–409. 

Ellis, Richard H. (2019). Temporal patterns of seed quality development, decline, and 

timing of maximum quality during seed development and maturation. Seed 

Science Research, 29(2), 135–142. 

https://doi.org/10.1017/S0960258519000102 

Endres, G and Kand, H. (2015). Soybean gowth and management quick guide. In North 

Dakota State University: Vol. A 1174. 

http://puc.sd.gov/commission/dockets/hydrocarbonpipeline/2007 

Ennen, R. D. (2011). Earlier harvest and drying of soybean seed within intact pods 
maintains seed quality [Iowa State University]. 

https://doi.org/https://doi.org/10.31274/etd-180810-1867 

Faisal, M., Ahmad, U., & Wulandani, D. (2019). Determination of mung bean seed 

viability change in vacuum packaging during storage in different temperatures. 

IOP Conference Series: Materials Science and Engineering, 557, 1–10. 

https://doi.org/10.1088/1757-899X/557/1/012074 

Farooq, M., Wahid, A., Kobayashi, N., & S.M.A. Fujita, D. B. (2009). Plant drought 

stress : effects , mechanisms and management To cite this version : Review 

article. Agronomy for Sustainable Developmen, 29(1), 185–212. 



© C
OPYRIG

HT U
PM

 

113 

Farooq, Muhammad., Barsa, S. M. A., & Wahid, A. (2006). Priming of field-sown rice 

seed enhances germination, seedling establishment, allometry and yield. Plant 

Growth Regulation, 49(2–3), 285–294. https://doi.org/10.1007/s10725-006-

9138-y 

Fehr, W. R., & Caviness, C. E. (1977). Stage of development descriptions for Soybeans, 
Glycine Max (L.) Merrill. Crop Science, 11(6), 929–931. 

https://doi.org/10.2135/cropsci1971.0011183x001100060051x 

Finch-Savage, W. E., & Bassel, G. W. (2016). Seed vigour and crop establishment: 

Extending performance beyond adaptation. Journal of Experimental Botany, 

67(3), 567–591. https://doi.org/10.1093/jxb/erv490 

Forti, V. A., Carvalho, C., Tanaka, F. A. O., & Cicero, S. M. (2013). Weathering damage 

in soybean seeds: Assessment, seed anatomy and seed physiological potential. 

Seed Technology, 35(2), 213–224. 

Fu, Y. B., Ahmed, Z., & Diederichsen, A. (2015). Towards a better monitoring of seed 

ageing under ex situ seed conservation. Conservation Physiology, 3(1), 1–16. 

https://doi.org/10.1093/conphys/cov026 

Furbeck, S. M., Bourland, F. M., & Watson, C. E. (1993). Relationships of seed and 
germination measurements with resistance to seed weathering in cotton. Seed 

Science and Technology, 21(3), 505–512. 

Gawlik, A., Gołębiowska, D., Bejger, R., Kulpa, D., & Smolik, B. (2013). The influence 

of humic acids on seed swelling process of Pisum sativum L. Cv Ramrod. 

Polish Journal of Soil Science, 46(2), 107–114. 

https://doi.org/10.17951/pjss.2013.46.2.107 

Gebeyehu, B. (2020). Review on: Effect of Seed Storage Period and Storage 

Environment on Seed Quality. International Journal of Applied Agricultural 

Sciences, 6(6), 185. https://doi.org/10.11648/j.ijaas.20200606.14 

George, T., Bartholomew, D., & Singleton, P. (1990). Effect of temperature and maturity 

group on phenology of field grown nodulating and nonnodulating soybean 
isolines. Biotronics : Reports of Biotron Institute, Kyushu University, 

19(3408), 49–59. 

Ghassemi-Golezani, K., Farshbaf-Jafari, S., & Shafagh-Kolvanagh, J. (2011). Seed 

priming and field performance of soybean (Glycine max L.) in response to 

water limitation. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 39(2), 

186–189. https://doi.org/10.15835/nbha3926122 

Giménez-Benavides, L., Escudero, A., & Pérez-García, F. (2005). Seed germination of 

high mountain Mediterranean species: Altitudinal, interpopulation and 

interannual variability. Ecological Research, 20(4), 433–444. 

https://doi.org/10.1007/s11284-005-0059-4 



© C
OPYRIG

HT U
PM

 

114 

Giurizatto, M. I. K., Souza, L. C. F. de, Robaina, A. D., & Gonçalves, M. C. (2003). 

Effects of harvest epoch and seed coat thickness on viability and vigor of 

soybean seeds. Agrotec Science, 27(4), 771–779. 

https://doi.org/10.1590/s1413-70542003000400005 

Gorim, L., & Asch, F. (2012). Effects of composition and share of seed coatings on the 
mobilization efficiency of cereal seeds during germination. Journal of 

Agronomy and Crop Science, 198(2), 81–91. https://doi.org/10.1111/j.1439-

037X.2011.00490.x 

Goswami, A. P., Vishunavat, K., Mohan, C., & Ravi, S. (2017). Effect of seed coating, 

storage periods and storage containers on soybean (Glycine max (L.) Merrill) 

seed quality under ambient conditions. Journal of Applied and Natural Science, 

9(1), 598–602. https://doi.org/10.31018/jans.v9i1.1237 

Govindaraj, M., Masilamani, P., Albert, V. A., & Bhaskaran, M. (2017). Role of 

antioxidant in seed quality- A review. Agricultural Reviews, 38(03), 180–190. 

https://doi.org/10.18805/ag.v38i03.8977 

Gris, C. F., von Pinho, E. V. de R., Andrade, T., Baldoni, A., & Carvalho, M. L. de M. 

(2010). Physiological quality and lignin content in the coat seeds of 
conventional and RR transgenic soybean submitted to different harvest periods. 

Ciencia e Agrotecnologia, 34(2), 374–381. https://doi.org/10.1590/s1413-

70542010000200015 

Hampton, J. G., Boelt, B., Rolston, M. P., & Chastain, T. G. (2013). Effects of elevated 

CO2 and temperature on seed quality. Journal of Agricultural Science, 151(2), 

154–162. https://doi.org/10.1017/S0021859612000263 

Harnowo, D. (2004). Effect of time of harvest and seed size on seed quality of soybean. 

Universiti Putra Malaysia. 

Hasanuzzaman, M., Bhuyan, M. H. M. B., Zulfiqar, F., Raza, A., Mohsin, S. M., Al 

Mahmud, J., Fujita, M., & Fotopoulos, V. (2020). Reactive oxygen species and 

antioxidant defence in plants under abiotic stress: Revisiting the crucial role of 
a universal defence regulator. Antioxidants, 9(8), 1–52. 

https://doi.org/10.3390/antiox9080681 

He, X., & Gao, S. (2008). Changes of antioxidant enzyme and phenylalanine ammonia-

lyase activities during Chimonanthus praecox seed maturation. Zeitschrift Fur 

Naturforschung - Section C Journal of Biosciences, 63(7–8), 569–573. 

https://doi.org/10.1515/znc-2008-7-818 

Hincha, D. K., Zuther, E., & Heyer, A. G. (2003). The preservation of liposomes by 

raffinose family oligosaccharides during drying is mediated by effects on fusion 

and lipid phase transitions. Biochimica et Biophysica Acta - Biomembranes, 

1612(2), 172–177. https://doi.org/10.1016/S0005-2736(03)00116-0 

 



© C
OPYRIG

HT U
PM

 

115 

Http://www.doa.gov.lk. (2021). Soybean cultivation guide, Department of Agriculture 

Srilanka. http://www.doa.gov.lk/FCRDI/index.php/en/crop/101-soybean.new 

Http://www.sopa.org/statistics. (2021). SOPA 2020. 

http://www.sopa.org/statistics/world-soybean-production/ 

Http://www.statistics.gov.lk. (2021). Department of Census and Statistics. 

http://www.statistics.gov.lk/ 

Hu, D., Ma, G., Wang, Q., Yao, J., Wang, Y., Pritchard, H. W., & Wang, X. (2012). 

Spatial and temporal nature of reactive oxygen species production and 

programmed cell death in elm (Ulmus pumila L.) seeds during controlled 

deterioration. Plant, Cell and Environment, 35(11), 2045–2059. 

https://doi.org/10.1111/j.1365-3040.2012.02535.x 

Hu, M., & Wiatrak, P. (2012). Effect of planting date on soybean growth, yield, and 

grain quality: Review. Agronomy Journal, 104(3), 785–790. 

https://doi.org/10.2134/agronj2011.0382 

Hussain, M., Farooq, M., & Lee, D. J. (2017). Evaluating the role of seed priming in 

improving drought tolerance of pigmented and non-pigmented rice. Journal of 

Agronomy and Crop Science, 203(4), 269–276. 

https://doi.org/10.1111/jac.12195 

Hussain, S., Khan, F., Hussain, H. A., & Nie, L. (2016). Physiological and biochemical 

mechanisms of seed priming-induced chilling tolerance in rice cultivars. 

Frontiers in Plant Science, 7(FEB2016), 1–14. 

https://doi.org/10.3389/fpls.2016.00116 

Ibrahim Demir, A. M. A. and K. M. (2010). Effect of seed production environment and 

time of harvest on Tomato (Lycopersicon esculentum) seedling growth. 

Research Journal of Seed Science, 3(3), 160–169. https://doi.org/10 

3923/RJSS.2008.1.10 

Isaac, O. T., Banful, B. K., Amoah, S., Apuri, S., & Seweh, E. A. (2016). Effect of 

harvesting stages on seed quality characteristics of three Soybean ( Glycine 
max(L) Merrill) varieties. Journal of Scientific and Engineering Research, 3(4), 

326–333. 

Işeri, Ö. D., Sahin, F. I., & Haberal, M. (2014). Sodium chloride priming improves 

salinity response of Tomato at seedling stage. Journal of Plant Nutrition, 37(3), 

374–392. https://doi.org/10.1080/01904167.2013.859699 

ISTA. (2016). International Rules for Seed Testing 2016. 

https://www.seedtest.org/upload/cms/user/2015-SH-7-019a.pdf 

 

 



© C
OPYRIG

HT U
PM

 

116 

Jing, Y., Lang, S., Wang, D., Xue, H., & Wang, X. F. (2018). Functional characterization 

of galactinol synthase and raffinose synthase in desiccation tolerance 

acquisition in developing Arabidopsis seeds. Journal of Plant Physiology, 

230(October), 109–121. https://doi.org/10.1016/j.jplph.2018.10.011 

Jyoti, & Malik, C. P. (2013). Seed deterioration : A review. International Journal of Life 

Science Biotechnology and Pharma Research, 2(3), 374–385. 

Kader, M. A., & Jutzi, S. C. (2004). Effects of thermal and salt treatments during 

imbibition on germination and seedling growth of sorghum at 42/19°C. Journal 

of Agronomy and Crop Science, 190(1), 35–38. https://doi.org/10.1046/j.0931-

2250.2003.00071.x 

Kaleem, S., Fayyaz-ul-Hassan, Ahmad, M., Mahmood, I., Wasaya, A., Randhawa, M. 

A., & Khaliq, P. (2011). Effect of growing degree days on autumn planted 

sunflower. African Journal of Biotechnology, 10(44), 8840–8846. 

https://doi.org/10.5897/ajb11.608 

Kameswara Rao, N., Dulloo, M. E., & Engels, J. M. M. (2017). A review of factors that 

influence the production of quality seed for long-term conservation in 

genebanks. Genetic Resources and Crop Evolution, 64(5), 1061–1074. 

https://doi.org/10.1007/s10722-016-0425-9 

Karim, M. N., Sani, M. N. H., Uddain, J., Azad, M. O. K., Kabir, M. S., Rahman, M. S., 

Choi, K. Y., & Naznin, M. T. (2020). Stimulatory effect of seed priming as 

pretreatment factors on germination and yield performance of yard long bean 

(Vigna unguiculata). Horticulturae, 6(4), 1–13. 

https://doi.org/10.3390/horticulturae6040104 

Kariyawasam, M. G. W. S., Weerasekara, W. M. I., Jayawardana, H. D. K. D., & 

Rathnayake, A. S. (2018). Contract Vegetable Seed Production Program: A 

Case Study in Nikawaratiya Seed Region. Annals of Sri Lanka Departmnet of 

Agriculture, 81–84. 

Kato, S., Sayama, T., Taguchi-Shiobara, F., Kikuchi, A., Ishimoto, M., & Cober, E. 
(2019). Effect of change from a determinate to a semi-determinate growth habit 

on the yield and lodging resistance of soybeans in the northeast region of Japan. 

Breeding Science, 69(1), 151–159. https://doi.org/10.1270/jsbbs.18112 

Khan, A. Z., H.khan, & R.Khan. (2007). Seed development profile soybean as influenced 

by planting date and cultivar under temperate environment. American Journal 

of Plant Physiology, 2(4), 251–260. 

Kibinza, S., Vinel, D., Côme, D., Bailly, C., & Corbineau, F. (2006). Sunflower seed 

deterioration as related to moisture content during ageing, energy metabolism 

and active oxygen species scavenging. Physiologia Plantarum, 128(3), 496–

506. https://doi.org/10.1111/j.1399-3054.2006.00771.x 

 



© C
OPYRIG

HT U
PM

 

117 

Kochanek, J., Steadman, K. J., Probert, R. J., & Adkins, S. W. (2011). Parental effects 

modulate seed longevity: Exploring parental and offspring phenotypes to 

elucidate pre-zygotic environmental influences. New Phytologist, 191(1), 223–

233. https://doi.org/10.1111/j.1469-8137.2011.03681.x 

Komala, N. T., B. R., B. arya, G. M., S., R., G., & P., S. (2018). Seed quality 
enhancement techniques. Journal of Pharmacognosy and Phytochemistry, 

3124–3128. 

Kujur, A. B., & Lal, G. M. (2015). Effect of hydropriming and osmopriming on 

germination behaviour and vigor of soybean ( Glycine max L .) seeds. 

Agricultural Science Digest, 35(3), 207–210. https://doi.org/10.5958/0976-

0547.2015.00047.6 

Kumar, A., Pandey, V., Shekh, A. M., & Kumar, M. (2008). Growth and yield response 

of soybean ( Glycine max L . ) in relation to temperature , photoperiod and 

sunshine duration at Anand , Gujarat , India. American - Eurasian Journal of 

Agronomy, 1(2), 45–50. 

Kumar, J. S., S, R. P., Kumar, M., Singh, C., AK, S., & Pathak, A. (2016). Seed quality 

markers : A review. Journal of Botanical Sciences, 5(2), 24–28. 

Kuswantoro, H. (2018). Effect of planting dates on growth, yield, and phenology of 

different soybean lines grown under tidal swamp land. Pertanika Journal of 

Tropical Agricultural Science, 41(3), 1261–1274. 

Larry C. Purcell, M. S. and L. A. (2010). Soybean growth and development. In The 

Soybean: Botany, Production and Uses (pp. 48–73). University of Arkansas 

System. 

Lehner, A., Bailly, C., Flechel, B., Poels, P., Côme, D., & Corbineau, F. (2006). Changes 

in wheat seed germination ability, soluble carbohydrate and antioxidant enzyme 

activities in the embryo during the desiccation phase of maturation. Journal of 

Cereal Science, 43(2), 175–182. https://doi.org/10.1016/j.jcs.2005.07.005 

Leprince, O., Pellizzaro, A., Berriri, S., & Buitink, J. (2017). Late seed maturation: 
Drying without dying. Journal of Experimental Botany, 68(4), 827–841. 

https://doi.org/10.1093/jxb/erw363 

Li, L., Hur, M., Lee, J. Y., Zhou, W., Song, Z., Ransom, N., Demirkale, C. Y., Nettleton, 

D., Westgate, M., Arendsee, Z., Iyer, V., Shanks, J., Nikolau, B., & Wurtele, E. 

S. (2015). A systems biology approach toward understanding seed composition 

in soybean. BMC Genomics, 16(3), S9. https://doi.org/10.1186/1471-2164-16-

S3-S9 

Li, R., Chen, L., Wu, Y., Zhang, R., Baskin, C. C., Baskin, J. M., & Hu, X. (2017). 

Effects of cultivar and maternal environment on seed quality in Vicia sativa. 

Frontiers in Plant Science, 8. https://doi.org/10.3389/fpls.2017.01411 



© C
OPYRIG

HT U
PM

 

118 

Li, T., Zhang, Y., Wang, D., Liu, Y., Dirk, L. M. A., Goodman, J., Downie, A. B., Wang, 

J., Wang, G., & Zhao, T. (2017). Regulation of seed vigor by manipulation of 

Raffinose family oligosaccharides in Maize and Arabidopsis thaliana. 

Molecular Plant, 10(12), 1540–1555. 

https://doi.org/10.1016/j.molp.2017.10.014 

Lima, J. J. P., Buitink, J., Lalanne, D., Rossi, R. F., Pelletier, S., Da Silva, E. A. A., & 

Leprince, O. (2017). Molecular characterization of the acquisition of longevity 

during seed maturation in soybean. PLoS ONE, 12(7), 1–25. 

https://doi.org/10.1371/journal.pone.0180282 

Liu, S., Zhang, M., Feng, F., & Tian, Z. (2020). Toward a “Green Revolution” for 

Soybean. Molecular Plant, 13(5), 688–697. 

https://doi.org/10.1016/j.molp.2020.03.002 

Liu, X., Jin, J., Wang, G., & Herbert, S. J. (2008). Soybean yield physiology and 

development of high-yielding practices in Northeast China. Field Crops 

Research, 105(3), 157–171. https://doi.org/10.1016/j.fcr.2007.09.003 

Lokuliyanage, L. L. R. R. (2020). Technicle Report on Seed Cold Storage (pp. 1–5). 

Engineering Division, Departmnet of Agriculture, Peradeniya, Sri Lanka. 

López-Fernández, M. P., Moyano, L., Correa, M. D., Vasile, F., Burrieza, H. P., & 

Maldonado, S. (2018). Deterioration of willow seeds during storage. Scientific 

Reports, 8(1), 1–11. https://doi.org/10.1038/s41598-018-35476-3 

Ludwig, V., Berghetti, M. R. P., Rossato, F. P., Wendt, L. M., Schultz, E. E., Both, V., 

& Brackmann, A. (2021). Impact of controlled atmosphere storage on 

physiological quality of soybean seed. Journal of Stored Products Research, 90, 

101749. https://doi.org/10.1016/j.jspr.2020.101749 

Lutts, S., Benincasa, P., Wojtyla, L., Kubala, S., Pace, R., Lechowska, K., Quinet, M., 

& Garnczarska, M. (2016). Seed priming: New comprehensive approaches for 

an old empirical technique. In New Challenges in Seed Biology - Basic and 

Translational Research Driving Seed Technology (pp. 1–46). INTECH. 

https://doi.org/10.5772/64420 

Maehly, C. (1955). Plant peroxidases. Methods in Enzymology, 2, 801–813. 

Małecka, A., Ciszewska, L., Staszak, A., & Ratajczak, E. (2021). Relationship between 

mitochondrial changes and seed aging as a limitation of viability for the storage 

of beech seed (Fagus sylvatica L.). PeerJ, 9(2006), 1–13. 

https://doi.org/10.7717/peerj.10569 

Malek, M., Ghaderi-far, F., & Torabi, B. (2019). The influence of seed priming on 

storability of rapeseed ( Brassica napus ) seeds. 87–92. 

 



© C
OPYRIG

HT U
PM

 

119 

Mangena, P., & Mokwala, P. W. (2019). The influence of seed viability on the 

germination and in vitro multiple shoot regeneration of Soybean (Glycine max 

L.). Agriculture (Switzerland), 9(2). 

https://doi.org/10.3390/agriculture9020035 

Mangure, J. D. (1962). Speed of germination: aid in selection and evaluation for seedling 

emergence and vigor. Crop Science, 2, 176–177. 

Mapa, R. B., Kumaragamage, D., Gunarathne, W. D. L., & Dassanayake, A. R. (2002). 

Land use in Sri Lanka : Past , Present and the Future. 17th World Congress of 

Soil Science, 31, 974-1-974–977. 

Marthandan, V., Geetha, R., Kumutha, K., Renganathan, V. G., Karthikeyan, A., & 

Ramalingam, J. (2020). Seed priming: A feasible strategy to enhance drought 

tolerance in crop plants. International Journal of Molecular Sciences, 21(21), 

1–23. https://doi.org/10.3390/ijms21218258 

Martinez-feria, R. A., Licht, M. A., Ordóñez, R. A., Ha, J. L., Coulter, J. A., & 

Archontoulis, S. V. (2019). Evaluating maize and soybean grain dry-down in 

the field with predictive algorithms and genotype-by-environment analysis. 

Scientific Reports, 9(1), 1–13. https://doi.org/10.1038/s41598-019-43653-1 

Maryam, D., Oskouie, B., & others. (2011). Study the effect of mechanical damage at 

processing on soybean seed germination and vigor. Journal of Agricultural and 

Biological Science, 6(7), 60–64. 

Mbofung, G. Y. (2012). Effects of maturity group, seed composition and storage 

conditions on the quality and storability of soybean (Glycine max L. Merrill) 

seed. [Mater thesis Lowa State University]. http://lib.dr.iastate.edu/etd 

McCormack, J. H. (2010). Seed processing and storage: Principles and practices of 

harvesting, processing, and storage: an organic seed production manual for seed 

growers in the Mid-Atlantic and Southern U.S. (Issue July 21). 

https://doi.org/10.1007/978-3-540-68864-8_3 

Meena, M. K. (2017). Seed physiological and biochemical parameters of soybean 
(Glycine max) as influenced by different packaging materials and storage 

conditions. International Journal of Pure & Applied Bioscience, 5(1), 864–875. 

https://doi.org/10.18782/2320-7051.2706 

Miladinov, Z., Maksimovic, I., Balesević-Tubic, S., Djukic, V., Canak, P., Miladinovic, 

J., & Djordjevic, V. (2020). Priming seed mitigates the effects of saline stress 

in soybean seedlings. Legume Research, 43(2), 263–267. 

https://doi.org/10.18805/LR-469 

Ministry of Agriculture. (2017). Ministry of Agriculture-2017 progress & 2018 

development programmes. http://www.agrimin.gov.lk/web/ 

 



© C
OPYRIG

HT U
PM

 

120 

Minuzzi, A., Braccini, A. de L. E., Rangel, M. A. S., Scapim, C. A., Barbosa, M. C., & 

Paiolaalbrecht, L. (2010). Seed quality of four soybean cultivars, harvested in 

two locations of Mato Grosso do Sul state. Revista Brasileira de Sementes, 

32(1), 176–185. https://doi.org/10.1590/s0101-31222010000100020 

Mohamed, H. M., A.M., Z., El-Bagoury, O. H., & Younis, R. A. A. (2018). Biological 
changes occured in soybean seed during exposing to several types of seed 

priming. Arab Universities Journal of Agricultural Sciences, 26(Special issue 

2C), 1841–1856. 

Nakagawa, A. C. S., Ario, N., Tomita, Y., Tanaka, S., Murayama, N., Mizuta, C., Iwaya-

Inoue, M., & Ishibashi, Y. (2020). High temperature during soybean seed 

development differentially alters lipid and protein metabolism. Plant 

Production Science, 23(4), 504–512. 

https://doi.org/10.1080/1343943X.2020.1742581 

Nazari, R., Parsa, S., Tavakkol Afshari, R., Mahmoodi, S., & Seyyedi, S. M. (2020). 

Salicylic acid priming before and after accelerated aging process increases 

seedling vigor in aged soybean seed. Journal of Crop Improvement, 34(2), 218–

237. https://doi.org/10.1080/15427528.2019.1710734 

Nazi, F., Reza, H., & Rahman, R. (2014). Effect of Humic fertilizer on germination of 

Wheat seeds under drought stress. Advances in Bioresearch, 5(4), 98–102. 

https://doi.org/10.15515/abr.0976-4585.5.4.98102 

Nguyen, H. T., & Bhattacharyya, M. K. (2017). The Soybean Genome (C. Kole (ed.)). 

Springer International Publishing. https://doi.org/10.1007/978-3-319-64198-0 

ISSN 

Nichal, S. S., Shinde, S. M., Patel, W. Y. M., Mahalle, A. R., & Nandanwar, R. S. (2018). 

Crop physiological maturity : A proper stage to harvest soybean crop. 

International Journal of Current Microbiology and Applied Sciences, 6, 2430–

2435. 

Nishizawa, A., Yabuta, Y., & Shigeoka, S. (2008). Galactinol and raffinose constitute a 
novel function to protect plants from oxidative damage. Plant Physiology, 

147(3), 1251–1263. https://doi.org/10.1104/pp.108.122465 

Ocvirk, D., Špoljarević, M., Kristić, M., Hancock, J. T., Teklić, T., & Lisjak, M. (2021). 

The effects of seed priming with sodium hydrosulphide on drought tolerance of 

sunflower (Helianthus annuus L.) in germination and early growth. Annals of 

Applied Biology, 178(2), 400–413. https://doi.org/10.1111/aab.12658 

Olivares, A., Johnston, M., & Calderón, C. (2009). Effect of rainfall regimes on seed 

production and quality of Avena barbata. Ciencia e Investigacion Agraria, 

36(1), 69–76. https://doi.org/10.4067/S0718-16202009000100006 

 



© C
OPYRIG

HT U
PM

 

121 

Padua, G. P. de, França-neto, J. de B., Carvalho, M. laene M. de, KrzyzanowsKi, F. C., 

& GuiMarães,  renato M. (2009). Incidnce of green soybean seeds as a function 

of environmenral stresses during seed maturation. Revista Brasileira de 

Sementes, 31(3), 150–159. 

Paparella, S., Araújo, S. S., Rossi, G., Wijayasinghe, M., Carbonera, D., & Balestrazzi, 
A. (2015). Seed priming: state of the art and new perspectives. Plant Cell 

Reports, 34(8), 1281–1293. https://doi.org/10.1007/s00299-015-1784-y 

Parthasarathi, T., Velu, G., & Jeyakumar, P. (2013). Impact of crop heat units on growth 

and developmental physiology of future crop production: A Review. Journal of 

Crop Science and Technology, 2(1), 11–18. 

Patil, R. B., Mokle, S. S., & Wadje, S. S. (2010). Effect of potassium humate on seed 

germination, seedling growth and vegetative characters of Triticum aestivum 

(L.) cv. Lokvan. International Journal of Pharma and Bio Sciences, 1(1), 1–5. 

Pawar, V. A., & Laware, S. L. (2018). Seed priming A critical review. International 

Journal of Scientific Research in Biological Sciences, 5(5), 94–101. 

https://doi.org/10.26438/ijsrbs/v5i5.94101 

Pedersen, P., Kumudini,S., Board,J., & Coneley, S. (2004). Soybean growth and 

development. In Iowa State University Extension. 

Piotrowicz-Cieślak, A. I., Krupka, M., Michalczyk, D. J., Smyk, B., Grajek, H., Podyma, 

W., & Głowacka, K. (2020). Physiological characteristics of field bean seeds 

(Vicia faba var. minor) subjected to 30 years of storage. Agriculture 

(Switzerland), 10(11), 1–19. https://doi.org/10.3390/agriculture10110545 

Prakash, P., Alien, M. R. M., Sai, N. R., Masilamani, S. M., Thirugnanasambandam, 

Thirugnanasambandam, R., & Stanley, A. L. (2014). Effect of humic acid on 

seed germination of Raphanus sativus L. International Journal of Chem Tech 

Research, 6(5), 4180–4185. 

Premalal KHMS, Frank Niranjan, Uddka NPC, Cynthia S Bantilan, and Naveen, P. . S. 

(2013). Vulnerability to climate change: Adaptation strategies and layers of 
resilience climatic trends in Sri Lanka Agro-climatic Analysis (Issue 15). 

http://oar.icrisat.org/8117/ 

Presidential Task Force on National Food Production. (2015). FoodProductionBook-

English. http://www.agrimin.gov.lk/web/ 

Rafi, H., Dawar, S., & Javed Zaki, M. (2015). Seed priming with extracts of Acacia 

nilotica (L.) Willd. ex Delile and Sapindus mukorossi (L.) plant parts in the 

control of root rot fungi and growth of plants. Pakistan Journal of Botany, 47(3), 

1129–1135. 

 



© C
OPYRIG

HT U
PM

 

122 

Rajjou, L., Lovigny, Y., Groot, S. P. C., Belghazi, M., Job, C., & Job, D. (2008). 

Proteome-wide characterization of seed aging in Arabidopsis: A comparison 

between artificial and natural aging protocols. Plant Physiology, 148(1), 620–

641. https://doi.org/10.1104/pp.108.123141 

Raman, M., Saiprasad, G. V. S., & Madhavakrishna, K. (2019). From seed to feed: 
Assessment and alleviation of Raffinose Family Oligosaccharides (RFOs) of 

seed- and sprout-flours of soybean [Glycine max (L.) Merr.] - a commercial 

aspect. International Food Research Journal, 26(1), 105–116. 

Ratajczak, E., Małecka, A., Ciereszko, I., & Staszak, A. M. (2019). Mitochondria are 

important determinants of the aging of seeds. International Journal of Molecular 

Sciences, 20(7). https://doi.org/10.3390/ijms20071568 

Rębilas, K., Klimek-Kopyra, A., Bacior, M., & Zając, T. (2020). A model for the yield 

losses estimation in an early soybean (Glycine max (L.) Merr.) cultivar 

depending on the cutting height at harvest. Field Crops Research, 254(January). 

https://doi.org/10.1016/j.fcr.2020.107846 

Righetti, K., Vu, J. L., Pelletier, S., Vu, B. L., Glaab, E., Lalanne, D., Pasha, A., Patel, 

R. V., Provart, N. J., Verdier, J., Leprince, O., & Buitink, J. (2015). Inference 
of longevity-related genes from a robust coexpression network of seed 

maturation identifies regulators linking seed storability to biotic defence-related 

pathways. Plant Cell, 27(10), 2692–2708. https://doi.org/10.1105/tpc.15.00632 

Rolland, F., & Sheen, J. (2005). Sugar sensing and signalling networks in plants. 

Biochemical Society Transactions, 33(1), 269–271. 

https://doi.org/10.1042/BST0330269 

Rosa, M., Prado, C., Podazza, G., Interdonato, R., González, J. A., Hilal, M., & Prado, 

F. E. (2009). Soluble sugars-metabolism, sensing and abiotic stress a complex 

network in the life of plants. Plant Signaling and Behavior, 4(5), 388–393. 

https://doi.org/10.4161/psb.4.5.8294 

Rouhi, H. R., & Aboutalebian, M. a. (2011). Effects of hydro and osmopriming on 
drought stress tolerance during germination in four grass species. International 

Journal of AgriScience, 1(2), 107–114. 

Ruan, Y. L. (2014). Sucrose metabolism: Gateway to diverse carbon use and sugar 

signaling. Annual Review of Plant Biology, 65, 33–67. 

https://doi.org/10.1146/annurev-arplant-050213-040251 

Sadaka, S., & Bautista, R. (2014). DIVISION OF AGRICULTURE Agriculture and 

Natural Resources Grain Drying Tools: Equilibrium Moisture Content Tables 

and Psychrometric Charts. Agriculture and Natural Resources, 1–8. 

 

 



© C
OPYRIG

HT U
PM

 

123 

Sadeghi, H., Khazaei, F., Yari., L., & Sheidaei, S. (2011). Effect of seed osmopriming 

on seed germination behavior and vigor of soybean (Glycine max L.). ARPN 

Journal of Agricultural and Biological Science, 6(1), 39–43. 

https://doi.org/10.5958/0976-0547.2015.00047.6 

Saisanthosh, K., Sumalatha, G. M., Shuba, A. C., Komala, N. T., & Biradar Patil, N. K. 
(2018). Role of Enzymatic Antioxidants Defence System in Seeds. 

International Journal of Current Microbiology and Applied Sciences, Special 

is(7), 584–594. 

Saldivar, X., Wang, Y. J., Chen, P., & Hou, A. (2011). Changes in chemical composition 

during soybean seed development. Food Chemistry, 124(4), 1369–1375. 

https://doi.org/10.1016/j.foodchem.2010.07.091 

Salvi, P., Saxena, S. C., Petla, B. P., Kamble, N. U., Kaur, H., Verma, P., Rao, V., Ghosh, 

S., & Majee, M. (2016). Differentially expressed galactinol synthase(s) in 

chickpea are implicated in seed vigor and longevity by limiting the age induced 

ROS accumulation. Scientific Reports, 6(July), 1–15. 

https://doi.org/10.1038/srep35088 

Sano, N., Rajjou, L., North, H. M., Debeaujon, I., Marion-Poll, A., & Seo, M. (2016). 
Staying alive: Molecular aspects of seed longevity. Plant and Cell Physiology, 

57(4), 660–674. https://doi.org/10.1093/pcp/pcv186 

Sarath, K. L. L., Goneli, A. L. D., Filho, C. P. H., Masetto, T. E., & Oba, G. C. (2016). 

Physiological potential of peanut seeds submitted to drying and storage. Journal 

of Seed Science, 38(3), 233–240. https://doi.org/10.1590/2317-

1545v38n3165008 

Saryoko, A., Homma, K., Lubis, I., & Shiraiwa, T. (2017). Plant development and yield 

components under a tropical environment in soybean cultivars with temperate 

and tropical origins. Plant Production Science, 20(4), 375–383. 

https://doi.org/10.1080/1343943X.2017.1356203 

Schuab, S. R. P., Braccini, A. L., Scapim, C. A., Franca-Neto, Meschede, D. K., & Avila, 
M. R. (2007). Germination test under water stress to evaluate soybean seed 

vigour. Seed Science and Technology, 35(1), 187–199. 

https://doi.org/10.15258/sst.2007.35.1.17 

Selvarani, K., & Umarani, R. (2011). Evaluation of seed priming methods to improve 

seed vigour of onion ( Allium cepa cv. aggregatum ) and carrot ( Daucus carota 

). Journal of Agricultural Technology, 7(3), 857–867. http://www.ijat-

aatsea.com 

Sen, A., & Puthur, J. T. (2020). Influence of different seed priming techniques on 

oxidative and antioxidative responses during the germination of Oryza sativa 

varieties. Physiology and Molecular Biology of Plants, 26(3), 551–565. 

https://doi.org/10.1007/s12298-019-00750-9 



© C
OPYRIG

HT U
PM

 

124 

Senanayake, S. M. P., & Premaratne, S. P. (2016). An Analysis of the Paddy/Rice Value 

Chains in Sri Lanka. Asia-Pacific Journal of Rural Development, 26(1), 105–

126. https://doi.org/10.1177/1018529120160104 

Sharma, S., Gambhir, S., & Munshi, S. K. (2007). Changes in lipid and carbohydrate 

composition of germinating soybean seeds under different storage conditions. 
Asian Journal of Plant Sciences, 6(3), 502–507. 

https://doi.org/10.3923/ajps.2007.502.507 

Shelar, V. R., Shaikh, R. S., & Nikam, A. S. (2008). Soybean Seed quality during 

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

Sheteiwy, M. (2013). Effect of seed storage periods, conditions and materials on 

germination of some Soybean seed cultivars. American Journal of 

Experimental Agriculture, 3(4), 1020–1043. 

https://doi.org/10.9734/ajea/2013/3590 

Singh, H., Jassal, R. K., Kang, J. S., Sandhu, S. S., Kang, H., & Grewal, K. (2015). Seed 

priming techniques in field crops -A review. Agricultural Reviews, 36(4). 

https://doi.org/10.18805/ag.v36i4.6662 

Singh, J., Paroha, S., & Mishra, R. P. (2016). Effect of storage on germination and 
viability of Soybean (Glycine max) and Niger (Guizotia abyssinica) seeds. 

International Journal of Current Microbiology and Applied Sciences, 5(7), 484–

491. https://doi.org/10.20546/ijcmas.2016.507.053 

Smaniotto, T. A. de S., Resende, O., Marcal, K. A. F., de Oliveira, D. E. C., Simon, G. 

A., & others. (2014). Physiological quality of soybean seeds stored in different 

conditions. Revista Brasileira de Engenharia Agricola e Ambiental, 18(4), 446–

453. 

Sobko, O., Stahl, A., Hahn, V., Zikeli, S., Claupein, W., & Gruber, S. (2020). 

Environmental Effects on Soybean ( Glycine Max ( L .) Merr ) production in 

Central and South Germany. Agronomy, 10(1847), 1–14. 

https://doi.org/doi:10.3390/agronomy10121847 

Souguiri, M., & C. Hannachi. (2017). Respons of sesame seedling to different 

eoncentration of humic acids or calcium nitrate at germination and early 

growth. Cercetari Agronomice in Moldova, L(1 (169)), 65–77. 

https://doi.org/10.1515/cerce-2017-0005 

Stewart, R. R. C., & Bewley, J. D. (1980). Lipid peroxidation associated with accelerated 

aging of soybean axes. Plant Physiology, 65(2), 245–248. 

https://doi.org/10.1104/pp.65.2.245 

Štraus, S., Hladnik, A., & Ceh, B. (2020). Impact of Linseed variety , location and 

production year on seed yield , oil content and its composition. Agronomy, 

10(1170), 1–13. https://doi.org/doi:10.3390/agronomy10111770 



© C
OPYRIG

HT U
PM

 

125 

Subedi, K. D., & Ma, B. L. (2005). Seed priming does not improve corn yield in a humid 

temperate environment. Agronomy Journal, 97(1), 211–218. 

https://doi.org/10.2134/agronj2005.0211a 

Sun, Q., Jim-hua, W., & Bao-qi, S. U. N. (2007). Advances on seed vigor physiological 

and genetic mechanisms. Agricultural Sciences in China, 6(9), 1060–1066. 

Szczerba, A., Pła, A., Pastuszak, J., & Kope, P. (2021). Effect of low temperature on 

germination , growth , and seed yield of four Soybean ( Glycine max L .) 

cultivars. Agronomy, 11(800), 2–17. 

https://doi.org/doi.org/10.3390/agronomy11040800 

Teimori, H., Balouchi, H., Moradi, A., & Soltani, E. (2021). Quantifying seed 

germination response of deteriorated Trigonella foenum-graecum L. seed to 

temperatures and water potentials: Thermal time, hydrotime and hydrothermal 

time models. Journal of Applied Research on Medicinal and Aromatic Plants, 

20(September 2020), 100276. https://doi.org/10.1016/j.jarmap.2020.100276 

Teixeira, F. P., Faria, J. M. R., Pereira, W. V. S., & José, A. C. (2018). Maturation and 

desiccation tolerance in seeds of Sesbania virgata (Cav.) Pers. Floresta e 

Ambiente, 25(4). https://doi.org/10.1590/2179-8087.041916 

Thant, P. S., Puteh, A. B., Sinniah, U. R., Firdaus, M., & Ismail, B. (2017). Effect of 

priming on physiological and chromosomal changes of aged soybean seeds. 6th 

International Conference on Chemical, Agricultural, Biological and 

Environmental Sciences (CAFES-17) Sept. 18-19, 2017 Manila (Philippines), 

17–20. 

Thuzar, M., Puteh, A. B., Abdullah, N. A. P., Mohd. Lassim, M. B., & Jusoff, K. (2010). 

The effects of temperature stress on the quality and yield of Soyabean [(Glycine 

max L.) Merrill.]. Journal of Agricultural Science, 2(1). 

https://doi.org/10.5539/jas.v2n1p172 

Tsukahara, R. Y., Fonseca, I. C. de B., E Silva, M. A. de A., Kochinski, E. G., Neto, J. 

P., & Suyama, J. T. (2016). Produtividade de soja em consequência do atraso 
da colheita e de condições ambientais. Pesquisa Agropecuaria Brasileira, 51(8), 

905–915. https://doi.org/10.1590/S0100-204X2016000800002 

Tuanjie Zhao, M. A. and R. A. S. (2016). Adaptation to water stress in Soybean: 

Morphology to genetics. In Plant abiotic stress and response to climate change 

(pp. 33–68). IntechOpen. https://doi.org/10.5772/intechopen.72229 

Varier, A., Vari, A. K., & Dadlani, M. (2010). The subcellular basis of seed priming. 

Current Science, 99(4), 450–456. 

Ventura, L., Donà, M., Macovei, A., Carbonera, D., Buttafava, A., Mondoni, A., Rossi, 

G., & Balestrazzi, A. (2012). Understanding the molecular pathways associated 

with seed vigor. Plant Physiology and Biochemistry, 60, 196–206. 

https://doi.org/10.1016/j.plaphy.2012.07.031 



© C
OPYRIG

HT U
PM

 

126 

Verdier, J., Lalanne, D., Pelletier, S., Torres-Jerez, I., Righetti, K., Bandyopadhyay, K., 

Leprince, O., Chatelain, E., Vu, B. L., Gouzy, J., Gamas, P., Udvardi, M. K., & 

Buitink, J. (2013). A regulatory network-based approach dissects late 

maturation processes related to the acquisition of desiccation tolerance and 

longevity of medicago truncatula seeds. Plant Physiology, 163(2), 757–774. 

https://doi.org/10.1104/pp.113.222380 

Vergara, R., da Silva, R. N. O., Nadal, A. P., Gadotti, G. I., Aumonde, T. Z., & Villela, 

F. A. (2019). Harvest delay, storage and physiological quality of soybean seeds. 

Journal of Seed Science, 41(4), 506–513. https://doi.org/10.1590/2317-

1545v41n4222413 

Vieira, J. H., Kledson, L., Oliveira, L. C. De, Braga, J., Maria, L., Rosa, T., & Botero, 

W. G. (2018). Evaluation of germination of Chilli Pepper using humic 

substances and humic acids. IOSR Journal of Environmental Science, 

Toxicology and Food Technology, 12(2), 33–39. https://doi.org/10.9790/2402-

1202023339 

Walters, C., Ballesteros, D., & Vertucci, V. A. (2010). Structural mechanics of seed 

deterioration: Standing the test of time. Plant Science, 179(6), 565–573. 

https://doi.org/10.1016/j.plantsci.2010.06.016 

Wang, G., Huang, J., Gao, W., Li, J., Liao, R., Jaleel, C. A., & others. (2009). Influence 

of high voltage electrostatic field (HVEF) on vigour of aged rice (Oryza sativa 

L.) seeds. Journal of Phytology, 1(6), 397–403. 

Wang, Leran, Hu, W., Zahoor, R., Yang, X., Wang, Y., Zhou, Z., & Meng, Y. (2019). 

Cool temperature caused by late planting affects seed vigor via altering kernel 

biomass and antioxidant metabolism in cotton (Gossypium hirsutum L.). Field 

Crops Research, 236(March), 145–154. 

https://doi.org/10.1016/j.fcr.2019.04.002 

Wang, Lu, Patrick, J. W., & Ruan, Y. L. (2018). Live long and prosper: Roles of sugar 

and sugar polymers in seed vigor. Molecular Plant, 11(1), 1–3. 

https://doi.org/10.1016/j.molp.2017.12.012 

Weerasekara, I., Sinniah, U. R., Namasivayam, P., Nazli, M. H., Abdurahman, S. A., & 

Ghazali, M. N. (2021). The Influence of Seed Production Environment on Seed 

Development and Quality of Soybean ( Glycine max ( L .) Merrill ). Agronomy, 

11(7), 1430. https://doi.org/doi.org/10.3390/ agronomy11071430 

Weerasekara, W. M. I., Malkanthi, W. G. M. S., Chithral, G. M. W., & H.H., F. (2012). 

Breaking seed dormancy in Groundnut (Arachis hypogaea L). Annals of Sri 

Lanka Departmnet of Agriculture, 213–220. 

 

 



© C
OPYRIG

HT U
PM

 

127 

Wijesekera, S. N. T. (2015). Irrigated Paddy Cultivation Systems in Sri Lanka and 

Climate Change: Indifference or as a Crucial Element. Proceeding of the 

International Conference Organized by the International Network for Water and 

Ecosystems in Paddy Fields, “Climate Change Impacts and Sustainability of 

Paddy Farming in Asia,” 2015-November, 1–9. 

Wijewardana, C., Reddy, K. R., & Bellaloui, N. (2019). Soybean seed physiology, 

quality, and chemical composition under soil moisture stress. Food Chemistry, 

278(2019), 92–100. https://doi.org/10.1016/j.foodchem.2018.11.035 

William, S., & Akiko, A. (2004). Sri Lanka: Soya Pioneer in the Third World (pp. 1–5). 

Yang, S., Miao, L., He, J., Zhang, K., Li, Y., & Gai, J. (2019). Dynamic transcriptome 

changes related to oil accumulation in developing soybean seeds. International 

Journal of Molecular Sciences, 20(9). https://doi.org/10.3390/ijms20092202 

Zhang, F., Yu, J., Johnston, C. R., Wang, Y., Zhu, K., Lu, F., Zhang, Z., & Zou, J. (2015). 

Seed priming with polyethylene glycol induces physiological changes in 

sorghum (Sorghum bicolour L. moench) seedlings under suboptimal soil 

moisture environments. PLoS ONE, 10(10), 1–15. 

https://doi.org/10.1371/journal.pone.0140620 

Zhang, K., Zhang, Y., Sun, J., Meng, J., & Tao, J. (2021). Deterioration of orthodox 

seeds during ageing: Influencing factors, physiological alterations and the role 

of reactive oxygen species. Plant Physiology and Biochemistry, 158, 475–485. 

https://doi.org/10.1016/j.plaphy.2020.11.031 

Zhang, L. xin, Liu, W., Tsegaw, M., Xu, X., Qi, Y. ping, Sapey, E., Liu, L. ping, Wu, T. 

ting, Sun, S., & Han, T. fu. (2020). Principles and practices of the photo-thermal 

adaptability improvement in soybean. Journal of Integrative Agriculture, 19(2), 

295–310. https://doi.org/10.1016/S2095-3119(19)62850-9 

Zheng, G., Chen, J., & Li, W. (2020). Impacts of CO2 elevation on the physiology and 

seed quality of soybean. Plant Diversity, 42(1), 44–51. 

https://doi.org/10.1016/j.pld.2019.09.004 

Zheng, H., Chen, L., & Han, X. (2009). Response of soybean yield to daytime 

temperature change during seed filling: A long-term field study in Northeast 

China. Plant Production Science, 12(4), 526–532. 

https://doi.org/10.1626/pps.12.526 

Zuchi, J., França-neto, J. D. B., Sediyama, C. S., Flauzino, A., Filho, D. L., & Reis, M. 

S. (2013). Physiological quality of dynamically cooled and stored soybean 

seeds 1 dinamicamente e armazenadas. 353–360. 

Zuffo, A. M., Zuffo Júnior, J. M., Carvalho, E. R., Steiner, F., & Zambiazzi, E. V. (2017). 

Physiological and enzymatic changes in soybean seeds submitted to harvest 

delay1. Pesquisa Agropecuária Tropical, 47(4), 488–496. 

https://doi.org/10.1590/1983-40632017v4749811 



© C
OPYRIG

HT U
PM

 

128 

Zuther, E., Büchel, K., Hundertmark, M., Stitt, M., Hincha, D. K., & Heyer, A. G. 

(2004). The role of raffinose in the cold acclimation response of Arabidopsis 

thaliana. FEBS Letters, 576(1–2), 169–173. 

https://doi.org/10.1016/j.febslet.2004.09.006 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 




