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Salinity is the presence of dissolved salts in soil and it affects vast areas of agricultural
land which is a threat to rice production. There is a need to develop new techniques in
order to improve rice tolerance to salinity. The study aimed to evaluate the effects of
different priming agents on seed germination and early seedling growth and
performance under saline environments. The experiment was conducted using a
Gambian (IR72402-B-25-3-1-B) and a Malaysian (MR219) rice varieties. In the first
experiment, rice seeds were primed with choline and NaCl solutions and sown in sand
medium with EC 0, 1, 2, and 3 dS m for 14 days. Seed priming has improved the
germination percentage and germination index, germination rate and seedling vigor
index under saline environments. However, varieties responded differently with
different priming concentrations and salinity levels. The IR72402 rice variety recorded
100% germination at the higher salinity level compared with MR219 variety. The 5
mM choline recorded the lowest mean germination time in both rice varieties. In the
second experiment, one week old seedlings were primed in choline or NaCl solutions
and grown in different concentration of NaCl solution for four weeks in polyethylene
bags containing rice soil in the glasshouse. Rice seedlings exposed to salinity at 3 dS
m? is detrimental to seedling growth. Seedling priming using 25 mM NaCl or5 mM
choline improved seedling height when grown at 2 dS m™ salinity level for both
varieties.Similarly, seedling priming with 25 mM NaCl had higher shoot fresh and dry
weights for both rice varieties when grown at 2 dS msalinity level.Seedling priming
with 5 mM choline improved root traits of seedlings when grown under saline
environments.Seedling priming with choline and NaCl increased the total chlorophyll
content in both rice varieties with a maximum total chlorophyll content of +5.82 mg
cm2.Following seedling priming, proline content in both rice varieties increased with
increase in salinity level.Priming seedlings increased phosphorus, potassium,and
nitrogen content in the shoot of both rice varieties under saline environment. The
increase in N, P, and K explained increased seedling performance observed in this



study. Primed seedlings had lower sodium content in the shoot relative to the control.
This suggests that primed seedlings are able to reduce sodium uptake. This study
indicates that NaCl as well as choline used as priming agents on seeds or seedlings can
be a beneficial and practical approach to alleviate salinity problem in rice production.
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Saliniti terjadi disetabkan kehadiran garam terlarut di dalam tanah dan ia memberi
kesan kepada kawasan pertanian yang luas dan merupakan ancaman kepada
pengeluaran padi. Terdapat keperluan untuk membangunkan teknik baru untuk
meningkatkan toleransi padi kepada persekitaran yang salin. Kajian ini bertujuan untuk
menilai kesan agen priming yang berbeza terhadap percambahan biji benih dan
pertumbuhan awal anak benih bawah persekitaran salin.Eksperimen ini dijalankan
menggunakan varieti padi IR72402-B-25-3-1-B dari Gambia dan MR219 dari
Malaysia. Untuk eksperimen pertama, biji padi direndam dengan larutan choline dan
NaCl dan ditanam dalam media pasir dan kemudian disiram dengan larutan
mengandungi EC 0O, 1, 2, dan 3 dS m-1 NaCl selama 14 hari. Rawatan priming biji
benih telah meningkatkan peratusan dan indeks percambahan, kadar dan indeks
kesegahan anak benih di bawah persekitaran salin. Walau bagaimanapun, kedua-dua
varieti ini menunjukkan respons yang berbeza terhadap kepekatan larutan yang
berlainan di kedua-dua keadaan salin. Varieti IR72402 mencatatkan 100%
percambahan pada tahap saliniti yang lebih tinggi berbanding varieti MR219. Rawatan
5 mM choline menunjukkan purata kadar percambahan yang rendah bagi kedua-dua
varieti. Dalam eksperimen kedua, anak benih berusia satu minggu dirawat
menggunakan choline atau larutan NaCl dan ditanam pada kepekatan NaCl yang
berbeza selama empat minggu di dalam beg polyethylene yang mengandungi tanah
sawah di dalam rumah kaca. Anak benih yang tumtuh pada keadaan 3 dS m? salin
telah merencatkan pertumbuhan anak benih. Anak benih yang dirawat menggunakan
25 mM NaCl atau 5 mM choline telah mempercepatkan pertambahan tinggi apabila
ditanam pada 2 dS m* bagi kedua-dua varieti padi. Rawatan dengan 25 mM NaCl
mencatatkan berat basah dan kering yang lebih tinggi bagi kedua-dua varieti pada
keadaan 2 dS m™.Rawatan anak kenihdengan 5 mM choline memperbaiki ciri akar
apabila ditanam pada persekitaran salin. Rawatan anak benih dengan choline dan NaCl
meningkatkan jumlah klorofil bagi kedua-dua varieti dengan jumlah maksimum



kandungan klorofil pada +5.82 mg cm?. Selepas rawatan anak benih, kandungan
proline dalam kedua-dua varieti padi meningkat apabila tahap saliniti bertambah.
Kandungan phosphorus, potassium, dan nitrogen di pucuk turut meningkat.
Peningkatan N, P dan K menjelaskan peningkatan pertumbuhan anak benih yang
direkodkan dalam kajian ini. Anak benih yang dirawat mempunyai kandungan sodium
yang rendah di pucuk berbanding dengan kawalan. Ini menunjukkan bahawa anak
benih yang dirawat mampu mengurangkan pengambilan sodium. Kajian ini
menunjukkan bahawa NaCl dan choline yang digunakan sebagai agen priming biji
benih atau anak benih adalah berfaedah dan merupakan kaedah praktikal untuk
mengurangi masalah saliniti dalam pengeluaran padi.
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CHAPTER 1

INTRODUCTION

Rice, Oryza sativa, is a staple food consumed by many nations across the globe
particularly those living in the tropics and subtropics. Rice is popularly grown in about
one hundred and fourteen countries across Africa, Asia, Latin America, North America
and Europe. An area of 161.86 million hectares is being cultivated annually with a
production of 483.8 million tonnes (Childs & Skorbiansky, 2017). It is the second
largest world production after wheat and serves as a source of employment and income
and as the primary source of calories for most rural farmers in Asia (Rad et al., 2012).

Among the cereals, rice is the most sensitive to salinity (Rana Munns & Tester, 2008)
but the sensitivity varies among varieties (Khan et al., 1997). The level of damage
depends on the growth stages, hence most varieties suffer more at germination and
seedling stages (Lutts et al., 1995), which denotes an adverse effect of salinity on early
plant growth. Therefore, a successful crop establishment depends not only on
germination of the seed but also on a uniform and rapid germination under saline
condition. Yet, rice is susceptible to salinity stress with a threshold level of 3 dS m™* for
most cultivated varieties, which could reduce grain yield by 12% (Fageria, 1985;
Radanielson et al., 2018).

Salinity is a worldwide problem. Soil salinity is a term used to describe solvable salts
that enclose cations like sodium, potassium, calcium, and magnesium along with
anions chloride, sulfate, nitrate bicarbonate and carbonate (Akbarimoghaddam et al.,
2011). Salt is a naturally occurring mineral inside soil and water that upsets the growth
and strength of plants(Grattan & Grieve, 1999). Salinity can be influenced through
numerous causesgoing from human influence to environmental causes. More than 830
million hectares of agricultural land is salt-affected which accounts for 5% of world
total land mass, with a yearly increase of two million hectares of uncultivated land
owing to excess salt accumulation (Abraha & Yohannes, 2013). Salinity caused
reduced water uptake in the sprouting seed as a result of low water potential thus affect
seedling emergence and growth. Correspondingly, the toxic effect of Na* and Cl- ion
on seedling growth is having an injurious impact on leaf growth, shoot development
and dry matter production (Horie et al., 2012).

Many research work has been done on the exposure of plants to moderate stress to
improve adaptation to stress conditions of different environment. This is commonly
being practiced for young plant produced through tissue culture techniques which are
called acclimatization. Pre-treatment of tomato plants at 5 leaf-stage with low NaCl
concentration has improved the yield than non-acclimatized plants (Cayuela et al.,
2001).



On the other hand, protecting the seeds during early germination stage can be an
excellent strategy to ensure seedling emergence. However, seed priming is considered
as a method of preparing seed for planting by pre-soaking them in nanoparticle
solution. Seeds are said to be an important part of crop life cycle as it influences the
propagation of critical stages like germination and dormancy. The beneficial effects of
seed priming using several methods of priming on seed quality, seedling performance,
and yields have been reported. Seed priming in adverse field conditions is being
utilized to enhance the germination of seeds and seedling growth to overcome salinity
problem in the agricultural field (Jisha et al., 2013). In particular, seed pre-treatment is
a pre-sowing treatment utilized to improve seed performance by increasing the
germination rate and seedling establishment (Bradford, 1986). The process involves
partial hydration of the seeds in a solution to stimulate germination while preventing
radicle protrusion and drying back the seeds to its origin moisture level(Bewley &
Nonogaki, 2001).

Furthermore, there is no much information relatedto seed priming influence on rice
seedling development under saline condition. Consequently, this necessitates the study
to examine how priming influence seed germination and seedling emergence of rice
under saline environment. Insufficient literature have been reported for improving the
performance of direct-seeded rice(Farooq et al., 2006).

Information on the application of priming on young seedlings of rice before planting is
limited. This principle may be similar to acclimatization of young plants derived from
micro propagation technique. Its potential in improving the rice seedling to saline
environment is not well-known.

This study was conducted to evaluate the effect of priming on germination and young
seedling performance in rice under salt stress condition with the following objectives.

1. To examine the effect of choline, sodium chloride ions on rice seed
germination and seedling establishment under salt stress.

2. To evaluate the effect of seedling priming on the growth and development of
rice seedlings under soil salinity condition.



REFERENCES

Abraha, B., & Yohannes, G. (2013). The role of seed priming in improving seedling
growth of maize (Zea mays L .) under salt stress at field conditions. Agricultural
Sciences, 4(12), 666-672.

Abraham, E., Hourton-Chassa, C., Erdei, L., & Szabados, L. (2010). Method for
Determination of Proline in Plants. In Sunkar R. (Ed.), Plant Stress Tolerance:
Methods in Molecular Biology (639th ed., pp. 317-331). New York: Hamuna
Press.

Afzal, 1., Basra, M. A,, Lodhi, T. E., & Butt, J. (2007). Improving Germination and
Seedling Vigour in Wheat By Halopriming Under Saline Conditions. Pak. J.
Agri. Sci, 44(1), 40-49.

Afzal, ., Butt, A., Rehman, H. U., Basra, S. M. A., & Afzal, A. (2012). Alleviation of
salt stress in fine aromatic rice by seed priming. Australian Journal of Crop
Science, 6(10), 1401-1407.

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. PLANT SOIL ENVIRON, 54(9), 382-388. https://doi.org/10.17221/408-
PSE

Ahmed, R., Howlader, M., Shila, A., & Haque, M. (2017). Effect of salinity on
germination and early seedling growth of maize. Progressive Agriculture, 28(1),
18. https://doi.org/10.3329/pa.v28i1.32855

Akbarimoghaddam, H., Galavi, M., Ghanbari, A., & Panjehkeh, N. (2011). Salinity
Effects on Seed Germination and Seedling Growth of Bread Wheat Cultivars.
Trakia Journal of Sciences, 9(1), 43-50.

Ali, Y., Aslam, Z., Ashraf, M. Y., & Tahir, G. R. (2004). Effect of salinity on
chlorophyll concentration, leaf area, yield and yield components of rice
genotypes grown under saline environment. International Journal of
Environmental Science & Technology, 1(3), 221-225.
https://doi.org/10.1007/BF03325836

Amjad, M., Zaif, K., Igbal, Q., Ahmad, I., Raiz, M. A., & Saqib, Z. A. (2007). Effect
of Seed Priming on Seed Vigour and Salt Tolerance in Hot Pepper. Pak. J. Agri.
Sci, 44(3), 408-416.

Anwar, P., Juraimi, A. S., Puteh, A., Selamat, A., Man, A., & Hakim, A. (2011).
Seeding method and rate influence on weed suppression in aerobic rice. African
Journal of Biotechnology, 10(68), 15259-15271.
https://doi.org/10.5897/AJB11.060

51



Aref, F. (2013). Effect of saline irrigation water on yield and yield components of rice (
Oryza sativa L .). Africal Journal of Biotechnology, 12(22), 3503-3513.
https://doi.org/10.5897/AJB12.743

Ashraf, M., Athar, H. R., Harris, P. J. C., & Kwon, T. R. (2008). Some Prospective
Strategies for Improving Crop Salt Tolerance. Advances in Agronomy, 97(07),
45-110. https://doi.org/10.1016/S0065-2113(07)00002-8

Ashraf, M., & Foolad, M. R. (2005). Pre- Sowing Seed Treatment—A Shotgun
Approach to Improve Germination, Plant Growth, and Crop Yield Under Saline
and Non- Saline Conditions. Advances in Agronomy, 88, 223-271.
https://doi.org/10.1016/S0065-2113(05)88006-X

Ashraf, M., & Foolad, M. R. (2007). Roles of glycine betaine and proline in improving
plant abiotic stress resistance. Environmental and Experimental Botany, 59, 206—
216. https://doi.org/10.1016/j.envexpbot.2005.12.006

Ashraf, M., & Harris, P. J. C. (2004). Potential biochemical indicators of salinity
tolerance in plants. Plant Science, 166(1), 3-16.
https://doi.org/10.1016/j.plantsci.2003.10.024

Ashraf, M., & Harris, P. J. C. (2013). Photosynthesis under stressful environments: An
overview. Photosynthetica, 51(2), 163-190. https://doi.org/10.1007/s11099-013-
0021-6

Bakht, J., Shafi, M., Jamal, Y., & Sher, H. (2011). Response of maize (Zea mays L.) to
seed priming with NaCl and salinity stress. Spanish Journal of Agricultural
Research, 9(1), 252—261. https://doi.org/10.5424/sjar/20110901-113-10

Balkan, A., Genctan, T., Bilgin, O., & Ulukan, H. (2015). Response of rice ( Oryza
sativa L .) to salinity stress at germination and early seedling stages. Pakistan
Journal of Agricultural Science, 52(2), 453-459.

Basra, S. M. A., Faroog, M., Tabassam, R., & Ahmad, N. (2005). Physiological and
biochemical aspects of pre-sowing seed treatments in fine rice (Oryza sativa L.).
Seed Sci. & Technol., 33, 623-628.

Bates, L. S., Waldren, R. P., & Teare, |. D. (1973). Rapid determination of free proline
for  water-stress  studies.  Plant and  Soil, 39(1), 205-207.
https://doi.org/10.1007/BF00018060

Berchie, J. N., Adu-Dapaah, H., Sarkodie-Addo, J., Asare, E., Agyemang, A., Addy,
S., & Donkoh, J. (2010). Effect of Seed Priming on Rate of Seedling Emergence,
Establishment and Yield of Four Bambara Groundnut (Vigna subterranea L.
Verdc.) Landraces. Journal of Agronomy, 9(4), 180-183.

52



Bewley, J. D., & Nonogaki, H. (2001). Seed Germination and Reserve Mobilization. In
Encyclopedia of Life Sciences (pp. 1-7). Nature Publishing Group.
https://doi.org/10.1002/9780470015902.20002047.pub2

Bradford, K. J. (1986). Manipulation of seed water relations via osmotic priming to
improve germination under stress conditions. HortScience (USA).

Cayuela, E., Estan, M. T., Parra, M., Caro, M., & Bolarin, M. C. (2001). NaCl pre-
treatment at the seedling stage enhances fruit yield of tomato plants irrigated with
salt water. Plant and Soil, 230(2), 231-238.
https://doi.org/10.1023/A:1010380432447

Cha-Um, S., & Kirdmanee, C. (2009). Effect of salt stress on proline accumulation,
photosynthetic ability and growth characters in two maize cultivars. Pakistan
Journal of Botany, 41(1), 87-98.

Chaves, M. M., Flexas, J., & Pinheiro, C. (2009). Photosynthesis under drought and
salt stress: regulation mechanisms from whole plant to cell. Annals of Botany,
103(1), 551-560. https://doi.org/10.1093/aob/mcn125

Childs, N., & Skorbiansky, S. R. (2017). Rice Outlook. Economic Research Service,
USDA. USA. https://doi.org/10.1111/nure.12101

Cuartero, J., Bolarin, M. C., Asins, M. J., & Moreno, V. (2006). Increasing salt
tolerance in the tomato. Journal of Experimental Botany, 57(5), 1045-1058.
https://doi.org/10.1093/jxb/erj102

Demiral, T., & Tlrkan, I. (2006). Exogenous glycinebetaine affects growth and proline
accumulation and retards senescence in two rice cultivars under NaCl stress.
Environmental and Experimental Botany, 56(1), 72-79.
https://doi.org/10.1016/j.envexpbot.2005.01.005

Ellis, R. H., & Roberts, E. H. (1981). The quantification of ageing and survival in
orthodox seeds. Seed Science and Technology (Netherlands).

Elouaer, M. A., & Hannachi, C. (2012). Seed priming to improve germination and
seedling growth of safflower (Carthamus tinctorius) under salt stress. EurAsian
Journal of BioSciences, 6(August 2012), 76-84.
https://doi.org/10.5053/ejobios.2012.6.0.9

Evans, L. E., & Bhatt, G. M. (1977). INFLUENCE OF SEED SIZE, PROTEIN
CONTENT AND CULTIVAR ON EARLY SEEDLING VIGOR IN WHEAT L.
Canadian Journal of Plant Science, 57, 929-935. Retrieved from
WWw.nrcresearchpress.com

Fageria, N. K. (1985). Salt tolerance of rice cultivars. Plant and Soil, 88, 237-243.
https://doi.org/10.1007/BF02182450

53



Farooq, M., Barsa, S. M. A. 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

Faroog, M., Basra, S. M. A., Ahmad, N., & Hafeez, K. (2005). Thermal hardening: A
new seed vigor enhancement tool in rice. Journal of Integrative Plant Biology,
47(2), 187-193. https://doi.org/10.1111/j.1744-7909.2005.00031.x

Faroog, M., Basra, S. M. A, Ahmad, N., & Murtaza, G. (2009). Enhancing the
performance of transplanted coarse rice by seed priming. Paddy and Water
Environment, 7, 55-63. https://doi.org/10.1007/s10333-008-0143-9

Faroog, M., Basra, S. M. A., Cheema, M. A., & Afzal, I. (2006). Integration of pre-
sowing soaking, chilling and heating treatments for vigour enhancement in rice
(Oryza sativa L.). Seed Science and Technology, 34, 521-528.
https://doi.org/10.15258/sst.2006.34.2.24

Faroog, M., Basra, S. M. A., Rehman, H., & Saleem, B. A. (2008). Seed priming
enhances the performance of late sown wheat (Triticum aestivum L.) by
improving chilling tolerance. Journal of Agronomy and Crop Science, 194, 55—
60. https://doi.org/10.1111/j.1439-037X.2007.00287.x

Farooq, M., Basra, S. M., Wahid, A., & Ahmad, N. (2010). Changes in Nutrient-
Homeostasis and Reserves Metabolism During Rice Seed Priming:
Consequences for Seedling Emergence and Growth. Agricultural Sciences in
China, 9(2), 191-198. https://doi.org/10.1016/S1671-2927(09)60083-3

Flowers, T. J., & Yeo, A. R. (1981). Variability in the resistance of sodium chloride
salinity within rice (Oryza sativa L.) varieties. New Phytol, 88, 363-373.

Fuller, M. P., Hamza, J. H., Rihan, H. Z., & Al-Issawi, M. (2012). Germination of
primed seed under NaCl stress in wheat. International Scholarly Research
Network, 2012, 1-5. https://doi.org/10.5402/2012/167804

Gassama, U. M., Puteh, A. Bin, Abd-Halim, M. R., & Kargbo, B. (2015). Influence of
Municipal Wastewater on Rice Seed Germination, Seedling Performance,
Nutrient Uptake, and Chlorophyll Content. J. Crop Sci. Biotech, 18(1), 9-19.
https://doi.org/10.1007/s12892-014-0091-4

Ghaffari, M. R., Ghabooli, M., Khatabi, B., Hajirezaei, M. R., Schweizer, P., &
Salekdeh, G. H. (2016). Metabolic and transcriptional response of central
metabolism affected by root endophytic fungus Piriformospora indica under
salinity in  barley. Plant Molecular Biology, 90(6), 699-717.
https://doi.org/10.1007/s11103-016-0461-z

54



Ghiyasi, M., Seyahjani, A. A., Tajbakhash, M., Amirnia, R., & Salehzade, H. (2008).
Effects of Osmopriming with PEG-8000 of germination and seedling growth og
wheat seeds under salt stress. Research Journal of Biological Sciences, 3(10),
1249-1251.

Gholami, M., Mokhtarian, F., & Baninasab, B. (2015). Seed Halopriming Improves the
Germination Performance of Black Seed (Nigella sativa) under Salinity Stress
Conditions. Journal of Crop Science and Biotechnology, 18(1), 21-26.

Ghosh, B., Nasim, A. M., & Saikat, G. (2016). Response of Rice under Salinity Stress:
A Review Update. Rice Research: Open Access, 4(2), 2-9.
https://doi.org/10.4172/2375-4338.1000167

Ghosh, N., Adak, M. K., Ghosh, P. D., Gupta, S., Gupta, D. N. Sen, & Mandal, C.
(2011). Differential responses of two rice varieties to salt stress. Plant
Biotechnology Reports, 5, 89-103. https://doi.org/10.1007/s11816-010-0163-y

Grattan, S. R., & Grieve, C. M. (1999). Salinity - mineral nutrient relations in
horticultural crops. Scientia Horticulturae, 78, 127-157.

Grattan, S. R., Zeng, L., Shannon, M. C., & Roberts, S. R. (2002). Rice is more
sensitive to salinity than previously thought. CALIFORNIA AGRICULTURE,
56(6), 189-195.

Gupta, B., & Huang, B. (2014). Mechanism of salinity tolerance in plants:
Physiological, biochemical, and molecular characterization. International
Journal of Genomics, 2014. https://doi.org/10.1155/2014/701596

Hakim, M. A., Juraimi, A. S., Begum, M., Hanafi, M. M., Ismail, M. R., & Selamat, A.
(2010). Effect of salt stress on germination and early seedling growth of rice
(Oryza sativa L.). African Journal of Biotechnology, 9(13), 1911-1918.
Retrieved from http://www.academicjournals.org/AJB

Hakim, M. A., Juraimi, A. S., Hanafi, M. M., Ismail, M. R., Rafii, M. Y., Aslani, F, ...
Selamat, A. (2014). The effect of salinity on chlorophyll, proline and mineral
nutrients in common weeds of coastal rice fields in Malaysia. Journal of
Environmental Biology, 35(5), 855-864.

Hakim, M. A., Juraimi, A. S., Hanafi, M. M., Ismail, M. R., Selamat, A., Rafii, M. Y.,
& Latif, M. A. (2014). Biochemical and anatomical changes and yield reduction
in rice (Oryza sativa L.) under varied salinity regimes. BioMed Research
International, 2014, 1-11. https://doi.org/10.1155/2014/208584

Hakim, M. A, Juraimi, A. S., Ismail, M. R., Hanafi, M. M., & Selamat, A. (2013). A
SURVEY ON WEED DIVERSITY IN COASTAL RICE FIELDS OF
SEBARANG PERAK IN PENINSULAR MALAYSIA. The Journal of Animal
& Plant Sciences, 23(2), 534-542.

55



Harris, D. (2006). Development and Testing of “On-Farm” Seed Priming. Advances in
Agronomy, 90(06), 129-178. https://doi.org/10.1016/S0065-2113(06)90004-2

Harris, D., Joshi, A., Khan, P. A., Gothkar, P., & Sodhi, P. S. (1999). On-Farm Seed
Priming in Semi-Arid Agriculture: Development and Evaluation in Maize, Rice
and Chickpea in India using Participatory Methods. Experimental Agriculture,
35(1), 15-29.

Harris, D., Pathan, A. K., Gothkar, P., Joshi, A., Chivasa, W., & Nyamudeza, P.
(2001). On-farm seed priming: Using participatory methods to revive and refine
a key technology.  Agricultural  Systems, 69(1-2), 151-164.
https://doi.org/10.1016/S0308-521X(01)00023-3

Hasamuzzaman, M., Fujita, M., Islam, M. N., Ahamed, K. U., & Nahar, K. (2009).
Performance of four irrigated rice varieties under different levels of salinity
stress. International Journal of Integrative Biology, 6(2), 85-90.

Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S., Pichtel, J., & Ahmad, A. (2012).
Role of proline under changing environments: A review. Plant Signaling and
Behavior, 7(11), 1456-1466. https://doi.org/10.4161/psh.21949

Hind, G., Leegood, R. C., Tienzen, L. L., & Vonshak, A. (1985). ANALYTICAL
TECHNIQUES. Techniques in Bioproductivity and Photosynthesis, 219-228.
https://doi.org/10.1016/B978-0-08-031999-5.50027-3

Hoang, T. M. L., Tran, T. N., Nguyen, T. K. T., Williams, B., Wurm, P., Bellairs, S., &
Mundree, S. (2016). Improvement of Salinity Stress Tolerance in Rice:
Challenges and Opportunities. Agronomy, 6(54), 1-23.
https://doi.org/10.3390/agronomy6040054

Horie, T., Karahara, |., & Katsuhara, M. (2012). Salinity tolerance mechanisms in
glycophytes: An overview with the central focus on rice plants. Rice, 5(11), 1-
18. https://doi.org/10.1186/1939-8433-5-11

Horie, T., Shiraiwa, T., Homma, K., Katsura, K., Maeda, S., & Yoshida, H. (2005).
Can Yields of Lowland Rice Resume the Increases that They Showed in the
1980s? Plant Production Science, 8(3), 259-274,
https://doi.org/10.1626/pps.8.259

Hsu, S. Y., HSU, Y. t., & Kao, C. H. (2003). The Effect of Polyethylene Glycol on
Proline Accumulation in Rice Leaves. BIOLOGIA PLANTARUM, 46(1), 73-78.

Hu, Y., Burucs, Z., & Schmidhalter, U. (2008). Effect of foliar fertilization application
on the growth and mineral nutrient content of maize seedlings under drought and
salinity.  Soil ~ Science and  Plant  Nutrition, 54(1), 133-141.
https://doi.org/10.1111/j.1747-0765.2007.00224.x

56



Hussain, S., Khalid, A., Matloob, A., Wahid, M. A., & Afzal, . (2013). Germination
and Growth Response of Three Wheat Cultivars to NaCl Salinity. Soil
Environment, 32(1), 36-43.

Ibrahim, E. A. (2016). Seed priming to alleviate salinity stress in germinating seeds.
Journal of Plant Physiology, 192, 38-46.
https://doi.org/10.1016/j.jplph.2015.12.011

Islam, F., Yasmeen, T., Ali, S., Ali, B, Faroog, M. A, & Gill, R. A. (2015). Priming-
induced antioxidative responses in two wheat cultivars under saline stress. Acta
Physiologiae Plantarum, 37(8), 1-12. https://doi.org/10.1007/s11738-015-1897-
5

Islam, R., Mukherjee, A., & Hossin, M. (2012). Effect of osmopriming on rice seed
germination and seedling growth. J. Bangladesh Agril. Univ, 10(1), 15-20.

Ismail, A. M. (2009). Development of technologies to harness the productivity
potential of salt-affected areas of the Indo-Gangetic, Mekong and Nile River
basins. Phillipines. Retrieved from
http://cgspace.cgiar.org/bitstream/handle/10568/3785/PNO7_IRRI_Project
Report_Jun09 _final.pdf?sequence=1

Ismail, A. M., Johnson, D. E., Ella, E. S., Vergara, G. V., & Baltazar, A. M. (2012).
Adaptation to flooding during emergence and seedling growth in rice and weeds,
and implications for crop establishment. AoB Plants, 2012(0), pls019-pls019.
https://doi.org/10.1093/aobpla/pls019

Jafar, M. Z., Farooq, M., Cheema, M. A., Afzal, 1., Basra, S. M. A., Wahid, M. A, ...
Shahid, M. (2012). Improving the performance of wheat by seed priming under
saline conditions. Journal of Agronomy and Crop Science, 113(2), 391-402.
https://doi.org/10.1111/j.1439-037X.2011.00485.x

Jamal, Y., Shafi, M., Bakht, J., Arif, M., & Al, E. T. (2011). Seed Priming Improves
Salinity Tolerance of Wheat Varieties. Pakistan Journal of Botany, 43(6), 2683—
2686.

Jisha, K. C., & Puthur, J. T. (2014). Halopriming of seeds imparts tolerance to NaCl
and PEG induced stress in Vigna radiata (L.) Wilczek varieties. Physiology and
Molecular Biology of Plants, 20(3), 303-312. https://doi.org/10.1007/s12298-
014-0234-6

Jisha, K. C., Vijayakumari, K., & Puthur, J. T. (2013). Seed priming for abiotic stress
tolerance: An overview. Acta Physiologiae Plantarum, 35, 1381-1396.
https://doi.org/10.1007/s11738-012-1186-5

57



Joseph, E., Radhakrishnan, V., & Mohanan, K. (2015). A Study on the Accumulation
of Proline - An Osmoprotectant Amino Acid under Salt Stress in Some Native
Rice Cultivars of North Kerala, India. Universal Journal of Agricultural
Research, 3(1), 15-22. https://doi.org/10.13189/ujar.2015.030104

Juraimi, A. S., Anwar, P., Selamat, A., Puteh, A., & Man, A. (2012). The influence of
seed priming on weed suppression in aerobic rice. Pak. J. Weed Sci. Res., 18,
257-264.

Kader, M. A. (2005). A Comparison of Seed Germination Calculation Formulae and
the Associated Interpretation of Resulting Data. Journal and Proceedings of the
Royal Society of New South Wales, 138, 65-75. Retrieved from
https://royalsoc.org.au/images/pdf/journal/138 Kader.pdf

Kareem, I., & Ismail, M. R. (2013). Osmotic and Hormonal Priming for Rice Growth
and Yield Increase. Rjces, 1(3), 31-39.

Kaya, C., Tuna, A. L., Ashraf, M., & Altunlu, H. (2007). Improved salt tolerance of
melon (Cucumis melo L.) by the addition of proline and potassium nitrate.
Environmental and Experimental Botany, 60, 397-403.
https://doi.org/10.1016/j.envexpbot.2006.12.008

Kaya, M. D., Okgu, G., Atak, M., Cikili, Y., & Kolsarici, O. (2006). Seed treatments to
overcome salt and drought stress during germination in sunflower (Helianthus
annuus  L.). European Journal of Agronomy, 24, 291-295.
https://doi.org/10.1016/j.eja.2005.08.001

Kaya, M., Kaya, G., Kaya, M. D., Atak, M., Saglam, S., Khawar, K. M., & Ciftci, C.
Y. (2008). Interaction between seed size and NaCl on germination and early
seedling growth of some Turkish cultivars of chickpea ( Cicer arietinum L .).
Journal  of Zhejiang University SCIENCE B, 9(5), 371-377.
https://doi.org/10.1631/jzus.B0720268

Kazemi, K., & Eskandari, H. (2011). Effects of salt stress on germination and early
seedling growth of rice (Oryza sativa) cultivars in Iran. African Journal of
Biotechnology, 10(77), 17789-17792. https://doi.org/10.5897/AJB11.2219

Khan, H. A. A., Ayub, C. M. M., Pervez, M. A. A,, Bilal, R. M. M., Shahid, M. A. A,
Ziaf, K., ... Ziaf, K. (2009). Effect of seed priming with NaCl on salinity
tolerance of hot pepper ( Capsicum annuum L .) at seedling stage. Soil &
Environ., 28(1), 81-87.

Khan, M. B., Gurchani, M. A., Freed, S., Jabran, K., & Hussain, M. (2014).

Osmopriming improves the emergence , growth , nutrient uptake and soluble
sugar contents of wheat seedlings. Soil Environment, 33(2), 142-148.

58



Khan, M., Hamid, A., & Karim, M. (1997). Effect of sodium chloride on germination
and seedling characters of different types of rice (Oryza sativa L.). Journal of
Agronomy and Crop Science, 179, 163-169. Retrieved from
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-037X.1997.tb00512.x/full

Kholdnoosh, J., Montazeri, M., & Falah, A. (2010). Evaluation the efficacy of new
selective rice herbicides in Mazandaran. In Proceedings of 3rd Iranian Weed
Science Congress, Volume 2: Key papers, weed management and herbicides,
Babolsar, Iran, 17-18 February 2010 (pp. 392-395). Iranian Society of Weed
Science.

Khush, G. S. (2000). Taxonomy and Origin of Rice. In R. . Singh, U. . Singh, & K.
Khush ~ (Eds.), Aromatic  Rices (p. 5). Phillipines: IRRI.
https://doi.org/10.1016/S0168-9452(01)00392-2

Kumar, V., & Khare, T. (2016). Differential growth and yield responses of salt-tolerant
and susceptible rice cultivars to individual (Na+ and CI-) and additive stress
effects of NaCl. Acta Physiologiae Plantarum, 38(170), 1-9.
https://doi.org/10.1007/s11738-016-2191-x

Kumar, V., Shriram, V., Nikam, T. D., Jawali, N., & Shitole, M. G. (2008). Sodium
chloride-induced changes in mineral nutrients and proline accumulation in indica
rice cultivars differing in salt tolerance. Journal of Plant Nutrition, 31(11), 1999-
2017. https://doi.org/10.1080/01904160802403466

Lum, M. S., Hanafi, M. M., & Akmar, A. S. N. (2014). Effect of drought stress on
growth, proline and antioxidant enzyme activities of upland rice. Journal of
Animal and Plant Sciences, 24(5), 1487-1493.

Lutts, S., Kinet, J. M., & Bouharmont, J. (1995). Changes in plant response to NaCl
during development of rice ( Oryza sativa L .) varieties differing in salinity
resistance. Journal of Experimental Botany, 46(293), 1843-1852.

Lutts, S., Kinet, J. M., & Bouharmont, J. (1996). Effects of salt stress on growth,
mineral nutrition and proline accumulation in relation to osmotic adjustment in
rice (Oryza sativa L.) cultivars differing in salinity resistance. Plant Growth
Regulation, 19(3), 207-218. https://doi.org/10.1007/BF00037793

Mahmood, A., Latif, T., & Khan, M. A. (2009). Effect of salinity on growth, yield and
yield components in basmati rice germplasm. Pakistan Journal of Botany, 41(6),
3035-3045.

Maiti, R. (2011). Seed Priming: an Efficient Farmers > Technology to Improve
Seedling Vigour , Seedling Establishment and Crop Productivity. International
Journal of Bio-Resource and Stress Management, 2(3), 1997-2000.

59



Mansour, M. M. F., & Salama, K. H. A. (2004). Cellular basis of salinity tolerance in
plants.  Environmental and Experimental Botany, 52(2), 113-122.
https://doi.org/10.1016/j.envexpbot.2004.01.009

Marcos-Filho, J. (2015). Seed vigor testing: an overview of the past, present and future
perspective. Scientia Agricola, 72(4), 363-374. https://doi.org/10.1590/0103-
9016-2015-0007

Mario Enock, Y. (2018). Breeding Rice for Grain Yield, Earliness and Grain Quality
in Eastern Africa. Makerere University, Uganda.

Mcneil, S. D., Nuccio, M. L., Ziemak, M. J., & Hanson, A. D. (2001). Enhanced
synthesis of choline and glycine betaine in transgenic tobacco plants that
overexpress phosphoethanolamine N-methyltransferase.  Preceedings for
National Academy Sciences, 98(17), 10001-11005.

Mohammadizad, H. A., Mirzakhani, G., Ghafari, M., Samavatipour, P., Araghi, S. M.,
& Fatehi, M. F. (2014). Effect of NaCl Stress on Seed Germination Indices and
Early Seedling Growth of Cumin ( Cuminum cyminum L . An Important
Medicinal Plant). Agricultural Science Developments, 3(2), 161-166.

Moosavi, A., Tavakkol Afshari, R., Sharif-Zadeh, F., & Aynehband, A. (2009). Effect
of seed priming on germination characteristics, polyphenoloxidase, and
peroxidase activities of four amaranth cultivars. Journal of Food, Agriculture
and Environment, 7(3—-4), 353-358.

Munns, R. (2002). Comparative physiology of salt and water stress. Plant, Cell &
Environment, 25(2), 239-250. https://doi.org/10.1046/j.0016-8025.2001.00808.x

Munns, R., & Tester, M. (2008). Mechanisms of Salinity Tolerance. Annu. Rev. Plant
Biol, 59, 651-681. https://doi.org/10.1146/annurev.arplant.59.032607.092911

Murmu, K., Murmu, S., Kundu, C. K., & Bera, P. S. (2017). Exogenous Proline and
Glycine Betaine in Plants under Stress Tolerance. International Journal of
Current  Microbiology and  Applied  Sciences, 6(9), 901-913.
https://doi.org/10.20546/ijcmas.2017.609.109

Nawaz, A., Amjad, M., Pervez, M. A., & Afzal, I. (2011). Effect of halopriming on
germination and seedling vigor of tomato. African Journal of Agricultural
Research, 6(9), 2099-2107. https://doi.org/10.5897/AJAR11.064

Nawaz, A., Farooq, M., Ahmad, R., Basra, S. M. A., & Lal, R. (2016). Seed priming
improves stand establishment and productivity of no till wheat grown after direct
seeded aerobic and transplanted flooded rice. European Journal of Agronomy,
76, 130-137. https://doi.org/10.1016/j.eja.2016.02.012

60



Nawaz, J., Hussain, M., Jabbar, A., Nadeem, G. A., Sajid, M., Subtain, M., & Shabbir,
I. (2013). Seed Priming A Technique. International Journal of Agriculture and
Crop Sciences, 6(20), 1373-1381. https://doi.org/10.1016/j.fcr.2004.04.006

Neamatollahi, E., Bannayan, M., Souhani Darban, A., & Ghanbari, A. (2009).
Hydropriming and osmopriming effects on cumin (Cuminum Cyminum L.) seeds
germination. International Journal of Agricultural and Biosystems Engineering,
3(9), 477-480. Retrieved from http://www.scopus.com/inward/record.url?eid=2-
§2.0-84857379961&partner|D=tZ0tx3yl

Nejad, H. A. (2013). The effects of seed priming techniques in improving germination
and early seedling growth of Aeluropus Macrostachys. International Journal of
Advanced Biological and Biomedical Research, 1(2), 86-95. Retrieved from
http://www.ijabbr.com

Ologundudu, A. F., Adelusi, A. A., Akinwale, R. O., Biologicae, N. S., Ologundudu,
A. F., Adelusi, A. A., & Akinwale, R. O. (2014). Effect of Salt Stress on
Germination and Growth Parameters of Rice ( Oryza sativa L .). Notulae Scientia
Biologicae, 6(2), 237—243. https://doi.org/10.5897/AJB09.1526

Patade, V. Y., Bhargava, S., & Suprasanna, P. (2009). Halopriming imparts tolerance
to salt and PEG induced drought stress in sugarcane. Agriculture, Ecosystems
and Environment, 134(1-2), 24-28. https://doi.org/10.1016/j.agee.2009.07.003

Patade, V. Y., Bhargava, S., & Suprasanna, P. (2014). Better Osmotic Adjustment
Mediates Salt and PEG Stress Tolerance in Primed Plants of Contrasting
Cultivars of Sugarcane. Sugar Tech, 17(4), 348-355.
https://doi.org/10.1007/s12355-014-0350-1

Pitman, M. G., & Lauchli, A. (2002). Global Impact of Salinity and Agricultural
Ecosystems. In Salinity: Environment - Plants - Molecules (p. 3.20).
Netherlands: Kluwer Academic Publishers. https://doi.org/10.1007/0-306-48155-
31

Qados, A., & Amira, M. S. (2011). Effect of salt stress on plant growth and metabolism
of bean plantVicia faba (L.). Journal of the Saudi Society of Agricultural
Sciences, 10(1), 7-15. https://doi.org/10.1016/j.jssas.2010.06.002

Rad, H. E., Aref, F., & Rezaei, M. (2012). Response of rice to different salinity levels
during different growth stages. Research Journal of Applied Sciences,
Engineering and Technology, 4(17), 3040-3047.
https://doi.org/10.1016/j.ypmed.2014.01.026

Radanielson, A. M., Gaydon, D. S., Li, T., Angeles, O., & Roth, C. H. (2018).
Modeling salinity effect on rice growth and grain yield with ORYZA v3 and
APSIM-Oryza. European Journal of Agronomy, 92.
https://doi.org/10.1016/j.eja.2018.01.015

61



Rahimi, A. (2013). Seed priming improves the germination performance of cumin
(Cuminum syminum L.) under temperature and water stress. Industrial Crops
and Products, 42, 454-460. https://doi.org/10.1016/j.indcrop.2012.06.026

Rao, S. R., Qayyum, A., Razzaq, A., Ahmad, M., Mahmood, ., Sher, A., ... Shah, A.
(2012). Role of foliar application of salicyclic acid and L-Tryptophan in drought
tolerance of maize. The Journal Animal of Plant Science, 22(3), 768—772.

Rehman, H., Basra, S. M. A., Faroog, M., Ahmed, N., & Afzal, I. (2011). Seed priming
with CaCl 2 improves the stand establishment, yield and quality attributes in
direct seeded rice (Oryza sativa). International Journal of Agriculture and
Biology, 13(5), 786—790.

Rehman, H., Igbal, H., Basra, S. M. A., Afzal, I., Faroog, M., Wakeel, A., & Wang, N.
(2015). Seed priming improves early seedling vigor, growth and productivity of
spring maize. Journal of Integrative Agriculture, 14(9), 1745-1754.
https://doi.org/10.1016/S2095-3119(14)61000-5

Salama, K. H. A, & Mansour, M. M. F. (2015). Choline priming-induced plasma
membrane lipid alterations contributed to improved wheat salt tolerance. Acta
Physiologiae Plantarum, 37(170), 1-7. https://doi.org/10.1007/s11738-015-
1934-4

Salama, K. H. A., Mansour, M. M. F., & Hassan, N. S. (2011). Choline Priming
Improves Salt Tolerance in Wheat ( Triticum aestivum L .). Australian Journal
of Basic and Applied Sciences, 5(11), 126-132.
https://doi.org/10.13140/2.1.4228.9606

Salehzade, H., Shishvan, M. I., & Ghiyasi, M. (2009). Effect of seed priming of
Germination and seedling growth of wheat (Triticum aestivum L.). Research
Journal of Biological Sciences, 4(5), 629-631.

Sedghi, M., Nemati, A., Amanpour-balaneji, B., & Gholipouri, A. (2010). Influence of
Different Priming Materials on Germination and Seedling Establishment of Milk
Thistle (Silybum marianum) under salinity stress. World Applied Science
Journal, 11(5), 604-6009.

Selamat, A., & Ismail, M. R. (2009). Deterministic Model Approaches in Identifying
and Quantifying Technological Challenges in Rice Production and Research and
in Predicting Population, Rice Production and Consumption in Malaysia.
Pertanika Journal of Tropical Agricultural Science, 32(2), 169-174.

Seyed Sharifi, R., & Khavazi, K. (2011). Effects of seed priming with Plant Growth
Promoting Rhizobacteria (PGPR) on yield and yield attribute of maize (Zea mays
L.) hybrids. Journal of Food, Agriculture & Environment Journal of Food
Agriculture & Environment, 9(3 & 4), 496-500.

62



Shereen, A, Ansari, R., Raza, S., Mumtaz, S., Khan, M. A., & Ali Khan, M. A. (2011).
Salinity induced metabolic changes in rice (oryza sativa |.) seeds during
germination. Pakistan Journal of Botany, 43(3), 1659-1661.

Shereen, A., Mumtaz, S., Raza, S., Khan, M. A., & Solangi, S. (2005). Salinity effects
on seeding growth and yield component of different inbred rice lines. Pak.J.Bot,
37(1), 131-139. https://doi.org/10.1128/JV1.79.9.5870

Shrivastava, P., & Kumar, R. (2015). Soil salinity: A serious environmental issue and
plant growth promoting bacteria as one of the tools for its alleviation. Saudi
Journal of Biological Sciences, 22(2), 123-131.
https://doi.org/10.1016/j.sjbs.2014.12.001

Singh, H., Jassal, R. K., Kang, J. S., Sandhu, S. S., Kang, H., & Grewal, K. (2015).
Seed priming techniques in field crops -A review. Agri. Review, 36(4), 251-264.
https://doi.org/10.18805/ag.v36i4.6662

Srivastava, A. K., Lokhande, V. H., Patade, V. Y., Suprasanna, P., Sjahril, R., &
D’Souza, S. F. (2010). Comparative evaluation of hydro-, chemo-, and
hormonal-priming methods for imparting salt and PEG stress tolerance in Indian
mustard (Brassica juncea L.). Acta Physiologiae Plantarum, 32(6), 1135-1144.
https://doi.org/10.1007/s11738-010-0505-y

Sultana, N., Ikeda, T., & Itoh, R. (1999). Effect of NaCl salinity on photosynthesis and
dry matter accumulation in developing rice grains. Environmental and
Experimental ~ Botany, 42, 211-220. https://doi.org/10.1016/S0098-
8472(99)00035-0

Tabatabaei, S. A. (2014). The Effect Halo-And Hydro-Priming on Seed Reserve
Utilization and Seed Germination of Wheat Seeds Under Salinity Stress.
Cercetari Agronomice in Moldova, 159(3), 39-45. https://doi.org/10.2478/cerce-
2014-0025

Talei, D., Valdiani, A., Maziah, M., & Mohsenkhah, M. (2013). Germination response
of MR 219 rice variety to different exposure times and periods of 2450 MHz
microwave frequency. The Scientific World Journal, 2013, 1-8.
https://doi.org/10.1155/2013/408026

Teakle, N. L., & Tyerman, S. D. (2010). Mechanisms of CI - transport contributing to
salt tolerance. Plant, Cell & Environment, 33(3), 566-5809.
https://doi.org/10.1111/j.1365-3040.2009.02060.x

Tian, Y., Guan, B., Zhou, D., Yu, J., Li, G., & Lou, Y. (2014). Responses of Seed
Germination , Seedling Growth , and Seed Yield Traits to Seed Pretreatment in
Maize ( Zea mays L .). The Scientific World Journal, 2014, 1-8.
https://doi.org/10.1155/2014/834630

63



Viyachai, T. (2015). Development of Cut Chrysanthemum (Chrysanthemum morifolium
Ramat.) Production in Substrate Culture under Restricted Root Volume.
Universiti Putra Malaysia.

Wang, W., Chen, Q., Hussain, S., Mei, J., Dong, H., Peng, S., ... Nie, L. (2016). Pre-
sowing Seed Treatments in Direct-seeded Early Rice: Consequences for
Emergence, Seedling Growth and Associated Metabolic Events under Chilling
Stress. Scientific Reports, 6, 1-10. https://doi.org/10.1038/srep19637

Waurr, D. C. E., Fellows, J. R., & Bufton, L. P. (1985). Effects of seed covering
treatments on the emergence and seedling growth of crisp lettuce drilled with an
experimental dibber drill. The Journal of Agricultural Science, 105(3), 535-541.

Yoshida, S. (1981). Fundamentals of Rice Crop Science. (N. C. Brady, Ed.), The
International Rice Research Institute. Phillipines: IRRI.

Zafar, S. A. S., Shokat, S., Ahmed, H. G. M.-D., Khan, A., Ali, M. Z., & Atif, R. M.
(2015). Assessment of salinity tolerance in rice using seedling based morpho-
physiological indices. Advancement in Life Sciences - International Quarterly
Journal of Biologigical Sciences, 2(4), 1-6. Retrieved from http://submission.als-
journal.com/index.php/ALS/article/view/149

Zeng, L., & Shannon, M. C. (2000). Salinity Effects on Seedling Growth and Yield
Components of Rice. Crop Science, 40(4), 996-1003.
https://doi.org/10.2135/cropsci2000.404996x

Zhu, J.-K. (2001). Plant salt tolerance. Trends in Plant Science, 6(2), 66-71.
https://doi.org/10.1016/S1360-1385(00)01838-0

64



	Blank Page
	Blank Page
	Blank Page



