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(Arthrospira platensis) GROWN IN DIFFERENT SALINITY IN 

SULTANATE OF OMAN 
 
 

By 
 
 

ALMAHROUQI HAFIDH ALI SAIF 
 
 

April 2017 
 
 

Chairman : Professor Ahmad Ismail, PhD 
Faculty : Science  
 
 
Oman is in semi-arid and arid region, which receive extremely high light 
intensity and limited rainfall annually. Dry weather condition has caused 
diminishing underground water resources and has lead to seawater intrusion 
problems. This study is to explore the potential of Spirulina (Arthrospira 
platensis) that can be used to be cultured as a solution to the seawater 
intrusion. Most crops depend on freshwater or underground water resources, 
however Spirulina has the ability to grow and adapt to high saline condition. 
The experiment was conducted in the Agricultural Experimental Station of 
Sultan Qaboos University, Muscat, Oman. Result of the study concluded that 
with sufficient acclimatization, Spirulina can be grown in salinity ranges from 
10 to 40 psu without having large differences of dry weight biomass, 
biochemical composition and fatty acid profile. In this study, Spirulina cells 
have produced the highest dry weight (g L-1) to 10 psu in ten days of 
average at 0.506 ± 0.039. Carbohydrates are the highest (27.29 ± 0.518) and 
high protein (%) also can be produced by Spirulina cultured with 10 psu in 
the external environment (outdoor), in which lipid and ash content (%) is low 
were produced. However, the amount of SAFA, MUFA and PUFA (% dry 
weight) obtained with 10 psu did not differ significantly (p <0.05) than other 
salinity concentration. The market price for Spirulina is extremely high 
compare to the fruits and vegetables, farmers in Oman will consider these 
types of cultivation as the best solution for them farming salinity problems 
whatever the percentage of the salinity was in their farm. At the same time, 
the government may take this opportunity to move part of the recruitment 
pressure for those who lost their farm because of the salinity intrusion by 
providing better solution. Spirulina farming will create so many good benefits 
to the country. 
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KULTUR SPIRULINA (Arthrospira platensis) DI KAWASAN DALAM DAN 

DI LUAR DITUMBUHKAN DALAM PELBAGAI TAHAP KEMASINAN DI 
OMAN 

 
 

Oleh 
 
 

ALMAHROUQI HAFIDH ALI SAIF 
 
 

April 2017 
 
 

Pengerusi : Profesor Ahmad Ismail, PhD 
Fakulti : Sains 
 
 
Oman adalah sebuah negara yang berada dalam kawasan yang separuh 
gersang dan kering sepenuhnya, yang menerima keamatan cahaya yang 
sangat tinggi dan hujan yang terhad setiap tahun. Keadaan cuaca kering 
telah menyebabkan kekurangan sumber air bawah tanah dan telah 
membawa kepada masalah kemasukan air laut. Kajian ini bertujuan untuk 
meneroka potensi Spirulina (Arthrospira platensis) yang boleh digunakan 
untuk sektor pertanian sebagai satu penyelesaian kepada pencerobohan air 
laut yang berterusan. Kebanyakan tanaman bergantung kepada air tawar 
atau sumber air bawah tanah, bagaimanapun Spirulina mempunyai 
keupayaan untuk berkembang dan menyesuaikan diri dengan keadaan 
kemasinan air yang tinggi. Eksperimen telah dijalankan di Stesen Uji kaji 
Pertanian Universiti Sultan Qaboos, Muscat, Oman. Berdasarkan hasil kajian 
yang telah dijalankan, kesimpulan yang dapat dirumuskan bahawa dengan 
penyesuaian yang mencukupi, Spirulina boleh ditanam di dalam tahap 
kemasinan 10-40 psu tanpa memperolehi perbezaan yang ketara dari segi 
biomas berat kering, komposisi biokimia dan profil asid lemak. Dalam kajian 
ini, sel-sel Spirulina telah menghasilkan berat kering tertinggi (g L-1) dengan 
10 psu dalam purata untuk sepuluh hari pada 0,506 ± 0.039. Karbohidrat 
tertinggi (27.29 ± 0,518) dan protein tinggi (%) juga telah dapat dihasilkan 
dengan Spirulina yang diternak dengan 10 psu dalam keadaan persekitaran 
luar, di mana lipid dan kandungan abu (%) yang rendah telah dihasilkan. 
Namun begitu, jumlah SAFA, MUFA dan PUFA (% berat kering) yang 
diperolehi dengan 10 psu tidak berbeza dengan ketara (p <0.05) dari 
kepekatan kemasinan yang lain. Harga pasaran untuk Spirulina adalah amat 
tinggi berbanding dengan buah-buahan dan sayur-sayuran, petani di Oman 
akan mempertimbangkan jenis penanaman sebagai penyelesaian yang 
terbaik untuk sektor pertanian mereka dalam menangani masalah kemasinan 
itu di ladang mereka. Pada masa yang sama, kerajaan boleh mengambil 
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kesempatan ini untuk menggerakkan bahagian pengurusan bagi mereka 
yang kehilangan ladang mereka kerana kemasukan air laut yang berterusan 
dan pencerobohan kemasinan dengan menyediakan penyelesaian yang 
lebih baik. Pertanian pengkulturan Spirulina akan mewujudkan banyak 
faedah yang baik kepada negara. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1  Introduction 
 
 

The Sultanate of Oman is located in the south eastern quarter of the Arabian 
Peninsula and the latitude and longitude for the country are 22.7465° N, 
57.1203° E.  It has a total area of 309,501 km2. It has a coastline of almost 
3,165 km. Oman have arid and semi-arid climate conditions with higher 
humidity in coastal areas. Average annual rainfall varies from 20mm/yr in the 
interior to 300mm/yr along the coast (FAO, 2009). The total population in 
3102 was 3.855 million, 2.172 Omanis and 1.683 foreigners (NCSI, 2013b). 
Oman experience severe drought and limited rainfall which caused serious 
problem to fulfill the water requirement for agricultural and domestic 
consumption. 
 
 

Since Oman is in semi-arid and arid country, water for agriculture relies 
exclusively from ground water. Being in region with little rainfall and low 
humidity, most of the water for agriculture is loss through evapotranspiration, 
aggressive withdrawal from the aquifer and water loses by conventional 
irrigation system. After 1980’s when the government introduced mechanized 
water pumping  and transport system, the agriculture activities have 
increased tremendously followed with the over withdrawal of water resources 
from the aquifer especially Batinah region where more than 53% of the 
Oman agriculture production takes place. Agricultural practice is very 
important for food security but currently this country is still facing crisis such 
as seawater intrusion causing many abandon farmlands. Huge lost of crops 
are disastrous due to increasing infertile agriculture land. 
 
 

Limited rain to replenish underground water resources and indiscriminate 
withdrawal of underground water resources have caused underground water 
depletion leading to seawater intrusion (Zekri et al., 2010). Presently, the 
salinity at Batinah coastline farm can reach to 35 ‰ but lower  as it get 
further away from the sea side. However, as more underground water is 
extracted, the seawater intrusion is moving farther toward inland making 
more farms decimated from high saline water. Present solution to recharge 
underground water such as construction of dam for irrigation is very costly 
and will take some time. Modern agriculture practice to reduce water loses 
due to evapotranspiration is still not enough to deal with salt water intrusion. 
Dam construction is one of the solutions to increase the underground water 
recharge which to some extent help in solving the seawater intrusion.  
 

http://en.wikipedia.org/wiki/Arabian_Peninsula
http://en.wikipedia.org/wiki/Arabian_Peninsula
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Another effort to reduce water consumption is through recycling wastewater 
for agriculture use. Genetic manipulation for high saline tolerant crop will take 
a while for large scale farming. The best alternative would be by cultivating 
microalgae which can be grown in saline conditions. Algae are known to 
adapt well to the saline medium. Culture of marine microalgae has been 
initiated but still on research level and it will take a while to reach 
commercialization level. However many studies carried out elsewhere have 
shown that blue green microalgae such as Spirulina can be cultured in sea 
water up to 40 part per thousand and can also be grown in waste water 
directly or treated waste water. In case of culturing Spirulina in wastewater 
directly, the product is only fit for animal feed.  
 
 

Spirulina (Arthrospira platensis) can grow and adapt to different salinity up to 
35 psu (Ravelonandro et al., 2011). It has multiple benefits: higher 
productivity compared to terrestrial plant, can be grown land or water based 
system, produces oxygen, used up CO2, get higher net profit than traditional 
crop and the crop can be harvested much faster. The nutritional value of 
Spirulina with its high production rate makes it commercially attractive. It has 
high protein content up to 68% (Phang et al., 2000), essential fatty acids like 
γ-linolenic acid, minerals, photosynthetic pigments (cyanophycean), 
unsaturated fatty acids and lipids, β-carotene, B-group vitamin, vitamin E, 
iron potassium and chlorophyll (Habib et al., 2008). 
 
 

Spirulina cultivation is an excellent idea for the arid area especially with low 
water availability for the terrestrial crop and most of the land is desert which 
is not suitable for vegetation. Israel is developing Spirulina culture and has a 
very good technology to grow it in mass cultivation (Cohen and Vonshak, 
1991; Vonshak, 1987; Vonshak et al., 1996; Vonshak et al., 1988; Vonshak, 
1990; Vonshak et al., 1983; Vonshak and Richmond, 1981). 
 
 
Culturing Spirulina offer better advantages that other efforts mentioned 
previously because it is several times more productive than terrestrial crops 
in term of biomass and require low usage of lands for microalgae cultivation, 
high protein content, beneficial fatty acid, rich in vitamins, high mineral 
content and most important it uses less water than terrestrial crop.  
 
 
Since Oman is lacking in arable land, culturing microalgae would be a better 
proposition. However presently in Oman, there is no serious study to 
cultivate Spirulina. There was one project initiated to solve the issue of brine 
water from desalination plants with cultivation of algae (Mohamed et al., 
2005). This will be the second trial in Oman. To solve irrigation water crisis in 
Oman, many companies was established to construct and operate a world 
class wastewater collection and treatment system in Muscat. With increasing 
source of wastewater and abundant degraded land for agriculture, the 
government has looked into many potential projects for better future of 
Oman. The idea of cultivation microalgae replacing old agricultural activities 
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may be a positive solution which could offer the people of Oman more 
interesting jobs such as modern farmer and also for other purposes of food, 
pharmaceuticals, biomass, biodiesel, energy and more. 
 
 
1.2  Objectives 
 

1.2.1  General objective 
 
 

This research will focus on finding the solution for the seawater intrusion in 
Oman using Spirulina (Arthrospira platensis). 
 
 

1.2.2  Specific objectives  
 
 

The objectives of this research are: 
1. To explore the productivity of A. platensis in different salinity (10, 20, 

30 and 40 psu) under Oman weather conditions. 
2. To determine the proximate composition of A. platensis under different 

salinity. 
3. To access the fatty acids profiling of A. platensis under different 

salinity. 



© C
OPYRIG

HT U
PM

49 
 

BIBLIOGRAPHY 
 
 

Abdel-Rahman M.H.M., Ali R.M. and Said H.A. (2005). Alleviation of NaCl 
induced effects on Chlorella vulgaris and Chlorococcum hunmicola by 
riboflavin application. International Journal of Agriculture and Biology, 
7(1): 58-62.  

Aguol, K.A. (2003). Mass Culture of Arthrospira platensis Utilizing Aerobically 
Digested Palm Oil Mill Effluent (ADPOME) (Master Thesis, Universiti 
Putra Malaysia). 

Ahmed, F., Fanning, K., Netzel, M. and Schenk, P.M. (2015). Induced 
carotenoid accumulation in Dunaliella salina and Tetraselmis suecica by 
plant hormones and UV-C radiation. Applied microbiology and 
biotechnology, 99(22): 9407-9416. 

Ahmed, M., Hussain, N. and Al-Rawahy, S.A. (2013). Management of saline 
lands in Oman: Learning to live with salinity. In Developments in soil 
salinity assessment and reclamation (pp. 265-281). Springer 
Netherlands. 

Almahrouqi, H.A., Naqqiuddin, M.A., Omar, H. and Ismail, A. (2015). 
Different salinity effects on the mass cultivation of Spirulina (Arthrospira 
platensis) under sheltered outdoor conditions in Oman and Malaysia. 
Journal of Algal Biomass Utilization, 6(1): 1-14. 

Araujo, P., Nguyen, T.T., Frøyland, L., Wang, J. and Kang, J.X. (2008). 
Evaluation of a rapid method for the quantitative analysis of fatty acids 
in various matrices. Journal of Chromatography A, 1212(1): 106-113. 

Azov, Y. and Shelef, G. (1987). The effect of pH on the performance of the 
high-rate oxidation ponds. Water Science Technology, 19(12): 381– 
383. 

Babu, S.S., Praveen, V.K., & Ajayaghosh, A. (2014). Functional π-gelators 
and their applications. Chemical reviews, 114(4): 1973-2129. 

Bai, N. J. and Seshadri C.V. (1980). On coiling and uncoiling of trichomes in 
the genus Spirulina. Algological Studies/Archiv für Hydrobiologie 
Supplement Volume, 60:32-47.  

Bear, J. (1999). Seawater intrusion in coastal aquifers. Springer Science & 
Business Media. 

Belay, A. (1997). Mass culture of Spirulina outdoors—the Earthrise Farms 
experience. In: A. Vonshak (Ed.). Spirulina platensis (Arthrospira) 
Physiology, Cell Biology and Biotechnology (pp. 131-158). Taylor and 
Francis, London. 

Belay, A., Yoshimichi O., Kazuyuki M. and Hidenori S. (1993). Current 
knowledge on potential health benefits of Spirulina. Journal of Applied 
Phycology, 5:235-241. 

Biagi, P.L., Bordoni A., Masi M., Ricci G., Fanelli C., Patrizi A., and Ceccolini 
E. (1988). A long-term study on the use of evening primrose oil (Efamol) 
in atopic children. Drugs under experimental and clinical research, 
14(4): 285-290. 

Bligh, E.G. & Dyer, W.J. (1959). A rapid method of total lipid extraction and 
purification. Canadian Journal of Biochemestry and  Physiology 37: 911-
917 



© C
OPYRIG

HT U
PM

50 
 

Borowitzka, M.A., Huisman J.M. and Osborn A. (1991). Culture of the 
astaxanthin-producing green alga Haematococcus pluvialis 1.Effects of 
nutrients on growth and cell type. Journal of Applied Phycology 3(4): 
295-304. 

Boruff, B.J., Moheimani, N.R. and Borowitzka, M.A. (2015). Identifying 
locations for large-scale microalgae cultivation in Western Australia: A 
GIS approach. Applied Energy. 149: 379-391. 

Boussiba S., and Richmond A.E. (1980). C-phycocyanin as a storage protein 
in the blue-green alga Spirulina platensis. Archives of Microbiology, 
125(1-2): 143-147. 

Breazeale, D., Khan, I., Al-Saadi, N. and Curtis, K.R. (2007). The economics 
of continuing Rhodes grass production under sprinkler irrigation in the 
Al-Batinah region of the Sultanate of Oman. Journal of Applied Irrigation 
Science, 42(2): 119-129. 

Bueno, M.M., Gomez, M.J., Herrera, S., Hernando, M.D., Agüera, A. and 
Fernández-Alba, A.R. (2012). Occurrence and persistence of organic 
emerging contaminants and priority pollutants in five sewage treatment 
plants of Spain: two years pilot survey monitoring. Environmental 
Pollution, 164: 267-273. Available at: 
http://dx.doi.org/10.1016/j.envpol.2012.01.038. 

Castenholz, R. W. (1989). Subsection III, Order Osciilatoriales. In: J.T. 
Stanley, M.P. Bryant, N. Pfenning and J.G. Holt (Ed.). Bergey’s manual 
of systematic bacteriology. 3:1771-1775. 

Chauton, M.S., Reitan, K.I., Norsker, N.H., Tveterås, R. and Kleivdal, H.T. 
(2015). A techno-economic analysis of industrial production of marine 
microalgae as a source of EPA and DHA-rich raw material for aquafeed: 
Research challenges and possibilities. Aquaculture, 436: 95-103. 

Chen, F., and Zhang Y. (1997). High cell density mixotrophic culture of 
Spirulina platensis on glucose for phycocyanin production using a fed-
batch system. Enzyme and microbial Technology, 20:221-224. 

Ciferri, O. (1983).Spirulina, the edible microorganism. 
Microbiological.Reviews, 47:551-78. 

Ciferri, O. and Tiboni O. (1985). The biochemistry and industrial potential of 
Spirulina. Annual Reviews of Microbiology. 39: 503-26. 

Cohen, Z. and Vonshak, A. (1991). Fatty acid composition of Spirulina and 
Spirulina-like cyanobacteria in relation to their chemotaxonomy. 
Phytochemistry, 30(1): 205-206. 

Converti, A., Casazza, A.A., Ortiz, E.Y., Perego, P., and Del Borghi, M. 
(2009). Effect of temperature and nitrogen concentration on the growth 
and lipid content of Nannochloropsis oculata and Chlorella vulgaris for 
biodiesel production. Chemical Engineering and Processing: Process 
Intensification, 48(6): 1146-1151. 

Dalay, M.C., Cirik, S., & Koru, E. (2001). Determining the most available 
Spirulina platensis (Stiz.) Geitl, strain for outdoor cultures in the climatic 
conditions of the Aegean region of Turkey. Ege Journal of Fisheries and 
Aquatic Sciences, 18(3-4): 523-528. 

Danesi, E.D.G., Rangel-Yagui, C.O., Carvalho, J.C.M. and Sato, S. (2004). 
Effect of reducing the light intensity on the growth and production of 
chlorophyll by Spirulina platensis. Biomass and Bioenergy, 26: 329-335. 



© C
OPYRIG

HT U
PM

51 
 

Danesi, E.D.G., Rangel-Yagui, C.O., de Carvalho J.C.M. and Sato, S. 
(2002). An investigation of effect of replacing nitrate by urea in the 
growth and production of chlorophyll by Spirulina platensis. Biomass 
and Bioenergy, 23: 261 – 269. 

Delgado, J.A., Groffman, P.M., Nearing, M.A., Goddard, T., Reicosky, D., 
Lal, R. and Salon, P. (2011). Conservation practices to mitigate and 
adapt to climate change. Journal of Soil and Water Conservation, 66(4): 
118A-129A. 

Demirer, R., Jategaonkar, S.P., and Khalifa, A.A. (2015). Oil price risk 
exposure and the cross-section of stock returns: The case of net 
exporting countries. Energy Economics, 49: 132-140. 

Dhiab, R.B., Ouada, H.B., Boussetta, H., Franck, F., Elabed, A. and Brouers, 
M. (2007). Growth, fluorescence, photosynthetic O2 production and 
pigment content of salt adapted cultures of Arthrospira (Spirulina) 
platensis. Journal of Applied Phycology, 19: 293–301. 

Diraman, H., Koru, E. and Dibeklioglu, H. (2009). Fatty acid profile of 
Spirulina platensis used as a food supplement. Israeli Journal of 
Aquaculture–Bamidgeh, 61(2), 134-142. 

Ebrahimi, E. and Salarzadeh, A. (2016). The Effect of Temperature and 
Salinity on the Growth of Skeletonema costatum and Chlorella 
capsulata in vitro. International Journal of Life Sciences, 10(1): 40-44. 

Fabregas, J., Maseda, A., Domınguez, A., Ferreira, M. and Otero, A. (2002) 
Changes in the cell composition of the marine microalga, 
Nannochloropsis gaditana, during a light:dark cycle. Biotechnol Letters, 
24:1699–1703. 

FAO, 2009. Groundwater Management in Oman Draft Synthesis Report. 
Fox, R.D. (1983). Algaculture, the microalgae Spirulina (Cyanophyceae), a 

study of the conditions necessary for their growth. These de Doctorat, 
France. 

Ghosh, S. and Das, D. (2015). Improvement of harvesting technology for 
algal biomass production. In Algal Biorefinery: An Integrated 
Approach (pp. 169-193). Springer International Publishing. 

Gurr, M.I., Harwood, J.L. and Frayn, K.N. (2002). Fatty acid structure and 
metabolism. Lipid Biochemistry, 5th Edition, 13-92. 

Gutbrie, H.A. and Picciano M.F. (1995). Human nutrition. Mosby year book, 
Inc., U.S.A. p111-144. 

Habib M.A.B., Parvin M., Huntington M. and Hasan M.R. (2008). A review on 
culture, production and use of spirulina as food for humans and feeds 
for domestic animals and fish.FAO Fisheries and Aquaculture 
Circular.No. 1034. Rome, FAO. 33p 

Heavenly-products.com, (2016). Retrieved from https://www.heavenly-
products.com/cart/images/Spirulina_2.jpg 

Henrikson, R. (1997). Earth Food Spirulina.Ronore Enterprises, Inc. 
Kenwood.California.187p. 

Horrobin, D.F. (1983). The role of essential fatty acids and prostaglandins in 
the premenstrual syndrome. The Journal of Reproductive Medicine, 28: 
465-468. 

Huntley, M.E., Johnson, Z.I., Brown, S.L., Sills, D.L., Gerber, L., Archibald, I., 
and Greene, C.H. (2015). Demonstrated large-scale production of 
marine microalgae for fuels and feed. Algal Research, 10: 249-265. 



© C
OPYRIG

HT U
PM

52 
 

Ishikawa, T., Fujiyama Y., Igarashi C., Morino M., Fada N., Kagami A., 
Sakamoto T., Nagano M., and Nakamura H. (1989). Clinical features of 
familial hypercholesterilemia. Atherosclerosis, 75: 95-103. 

Jeeji Bai, N. (1985). Competitive exclusion or morphological transformation? 
A case study with Spirulina fusiformis. Algological Studies/Archiv für 
Hydrobiologie, Supplement Volumes, 38/39: 191-199.  

Kebede, E. (1997). Response of Spirulina platensis (Arthrospira fusiformis) 
from Lake Chitu, Ethiopia, to salinity stress from sodium salts. Journal of 
Applied Phycology, 9(6): 551-558. 

Kimura, Y., Kimura, S., Sato, S., Katoh, H., Abe, T., Arai, M., and Tomita-
Yokotani, K. (2015). Evaluation of a cyanobacterium, Nostoc sp. HK-01, 
as food material for space agriculture on Mars. Biological Sciences in 
Space, 29(0): 24-31. 

Kochart, G. (1978). Carbohydrate determination by phenol-sulfuric acid 
method. In J.A. Hellebust & J.S. Craigie (Ed.), Handbook of 
Phycological and Biochemical Methods, pp. 95-97 Cambridge, U.K.: 
Cambridge University Press. 

Latasa M. (1995) Pigment composition of Heterocapsa sp. and Thalassiosira 
weissflogii growing in batch cultures under different irradiances. Scientia 
Marina, 59:25–37. 

Lau, P.S., Tam, N.F.Y. and Wang, Y.S. (1995). Effect of algal density on 
nutrient removal from primary settled wastewater. Environmental 
Pollution, 89: 56–66. 

Leema, J.M., Kirubagaran, R., Vinithkumar, N.V., Dheenan, P.S. and 
Karthikayulu, S. (2010). High value pigment production from Arthrospira 
(Spirulina) platensis cultured in seawater. Bioresource 
Technology, 101(23): 9221-9227. 

Lenntech.com (2016). Retrieved from http://www.lenntech.com/images/gw-
sewater-intrusion2.gif 

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.L. (1951). Protein 
measurement with the Folin-phenol reagent. Journal of Biology and 
Chemistry, 193: 265-275. 

Lu, C., Torzillo, G. and Vonshak, A. (1999). Kinetic response of photosystem 
II photochemistry in the cyanobacterium Spirulina platensis to high 
salinity is characterized by two distinct phases. Functional Plant 
Biology, 26(3): 283-292. 

Marsh, J.B.,  and Weinstein, D.B. (1966). Simple charring method for 
determination of lipids. Journal of Lipid Research, 7(4): 574-576. 

Materassi, R., Balloni, W., Pushparaj, B., Pelosi, E. and Sili, C. (1980). 
Coltura massiva di Spirulina in sistemi colturali aperti. Prospettive della 
coltura di Spirulina in Italia. Consiglio Nazionale delle Ricerche, Rome, 
241-260. 

Meseck, S.L., Alix, J.H., Gary, H. and Wikfors, G.H. (2005). Photoperiod and 
light intensity effects on growth and utilization of nutrients by the 
aquaculture feed microalga Tetraselmis chui (PLY429). Aquaculture 
246:393–404. 

Milano, J., Ong, H.C., Masjuki, H.H., Chong, W.T., Lam, M.K., Loh, P.K. and 
Vellayan, V. (2016). Microalgae biofuels as an alternative to fossil fuel 
for power generation. Renewable and Sustainable Energy Reviews, 58: 
180-197. 



© C
OPYRIG

HT U
PM

53 
 

Mohamed, A.M.O., Maraqa, M., and Al Handhaly, J. (2005). Impact of land 
disposal of reject brine from desalination plants on soil and 
groundwater. Desalination, 182(1-3): 411-433. 

MRMWR, 2012. Annual Report - Water Resources Sector. 
MRMWR, 2013. Annual Report - Water Resources Sector. 
Muñoz, I., Gómez-Ramos, M.J., Agüera, A., Fernández-Alba, A.R., García-

Reyes, J.F. and Molina-Díaz, A. (2009). Chemical evaluation of 
contaminants in wastewater effluents and the environmental risk of 
reusing effluents in agriculture. TrAC Trends in Analytical 
Chemistry, 28(6): 676-694. 

Naqqiuddin M.A., Nor N.M., Omar H. and Ismail A. (2014). Development of 
simple floating photobioreactor design for mass culture of Arthrospira 
platensis in outdoor conditions: Effects of simple mixing variation. 
Journal of Algal Biomass Utilization, 5(3): 46-58. 

NCSI, 2013a. Agriculture and Fisheries Indicators Contd. Agriculture and 
Fisheries Indicators. 

NCSI, 2013b. Total Population in the Sultanate by Nationality (Mid - Year 
Estimate ), 

Nozzi, N.E., Oliver, J.W. and Atsumi, S. (2012). Cyanobacteria as a platform 
for biofuel production. Frontiers in bioengineering and biotechnology, 1: 
7-7.  

Ogbonda, K.H., Aminigo, R.E. and Abu, G.O. (2007). Influence of 
temperature and pH on biomass production and protein biosynthesis in 
a putative Spirulina sp. Bioresource Technology, 98(11), 2207-2211. 

Olaizola, M. and Duerr E.O. (1990). Effects of light intensity and quality on 
the growth rate and photosynthetic pigment content of Spirulina 
platensis. Journal of Applied Phycology, 2:97-104. 

Olguin, E.J., Galicia, S., Camacho, R., Mercado, G. and Pérez, T.J. (1997). 
Production of Spirulina sp. in sea water supplemented with anaerobic 
effluents in outdoor raceways under temperate climatic 
conditions. Applied Microbiology and Biotechnology, 48(2): 242-247. 

Paoletti, C., Vicenzini, M., Bocci, F. and Materassi, R. (1980). Composizione 
biochimica generale delle biomasse di Spirulina platensis e Spirulina 
maxima. Prospecttive della coltura di Spirulina in Italia. Roma: Consiglio 
Nazionale delle Richerche, 111-125. 

Pescheck, M., Schrader, J. and Sell, D. (2005). Novel electrochemical 
sensor system for monitoring metabolic activity during the growth and 
cultivation of prokaryotic and eukaryotic 
cells. Bioelectrochemistry, 67(1): 47-55. 

Phang, S.M., Miah, M.S., Yeoh, B.G. and Hashim, M.A. (2000). Spirulina 
cultivation in digested sago starch factory wastewater. Journal of 
Applied Phycology, 12(3-5): 395-400. 

Rafiqul, I.M., Hassan, A., Sulebele, G., Orosco, C.A., Roustaian, P. and 
Jalal, K. C.A. (2003). Salt stress culture of blue green algae Spirulina 
fusiformis. Pakistan Journal of Biological Sciences, 6(7): 648-650. 

Ravelonandro, P.H., Ratianarivo, D.H., Joannis-Cassan, C., Isambert, A. and 
Raherimandimby, M. (2011). Improvement of the growth of Arthrospira 
(Spirulina) platensis from Toliara (Madagascar): Effect of agitation, 
salinity and CO2 addition. Food and bioproducts processing, 89(3): 209-
216. 



© C
OPYRIG

HT U
PM

54 
 

Richmond, A. (1988). Spirulina. In: Micro-algal Biotechnology. Borowitzka, 
M.A. and Borowitzka, L.Y. (Ed.), p 85-101. Cambridge, Cambridge Univ. 
Press. U.K. 

Richmond, A. and Grobbelaar, J.U. (1986). Factors affecting the output rate 
of Spirulina platensis with reference to mass cultivation. Biomass, 10(4): 
253-264. 

Rogers, J.N., Rosenberg, J.N., Guzman, B.J., Oh, V.H., Mimbela, L.E., 
Ghassemi, A. and Donohue, M.D. (2014). A critical analysis of 
paddlewheel-driven raceway ponds for algal biofuel production at 
commercial scales. Algal Research, 4: 76-88. 

Salisbury, F.B. and Ross, C.W. (1992). Plant Physiology. 4th. Edn. Belmont, 
CA. Wadsworth. 

Salleh, B. (1987). Pengenalan alam tumbuhan. Dewan Bahasa dan Pustaka, 
Kuala Lumpur, 47-59. 

Sandens, J.M., Källqvist, T., Wenner, D. and Gislerød, H.R. (2005). 
Combined influence of light and temperature on growth rates of 
Nannochloropsis oceanic: linking cellular responses to large-scale 
biomass production. Journal of Applied Phycology, 17:515–525. 

Sathe, P., Myint, M.T.Z., Dobretsov, S., & Dutta, J. (2016). Removal and 
regrowth inhibition of microalgae using visible light photocatalysis with 
ZnO nanorods: A green technology. Separation and Purification 
Technology, 162: 61-67. 

Schenk, P.M., Thomas-Hall, S.R., Stephens, E., Marx, U.C., Mussgnug, J.H., 
Posten, C. and Hankamer, B. (2008). Second generation biofuels: high-
efficiency microalgae for biodiesel production. Bioenergy research, 1(1): 
20-43. 

Shalaby, E.A., Shanab, S.M. and Singh, V. (2010). Salt stress enhancement 
of antioxidant and antiviral efficiency of Spirulina platensis. Journal of 
Medicinal Plants Research, 4(24): 2622-2632. 

Shimizu, S., Shimen Y., Kawashima H., Akimoto K. and Yamada H. (1988). 
Fungal mycelia as a novel source of eicosapentaenoic acid. Biochemal 
and Biophysical Research Communications, 150:335-341. 

Singh, S.C., Sinha, R.P. and Hader, D.P. (2002). Role of lipids and fatty 
acids in stress tolerance in cyanobacteria. Acta protozoologica, 41(4): 
297-308.  

Smith, G.M. (1950). The freshwater algae of the United States. McGraw-Hill, 
New York, New York, USA. 

Sorokin, C. (1973). Dry weight, packed cell volume and optical density. In 
J.R. Stein (Ed.), Handbook of Phycological Methods: Culture methods 
and growth measurements, United States: Cambridge University Press, 
pp. 321-343. 

Switzer, L. (1982). Spirulina. In The Whole Food Revolution. Bantam Books 
NY. 

Talbot, P. and De la Noue, J. (1993). Tertiary treatment of wastewater with 
Phormidium bohneri (Schmidle) under various light and temperature 
conditions. Water Research, 27(1): 153–159. 

Tomaselli, L. (1997). Morphology, ultrastructure and taxonomy of Arthrospira 
(Spirulina) maxima and Arthrospira (Spirulina) platensis. Spirulina 
platensis (Arthrospira): Physiology, Cell Biology, and Biotechnology, 1-
19. 



© C
OPYRIG

HT U
PM

55 
 

Tomaselli, L., Torzillo, G., Giovannetti, L., Pushparaj, B., Bocci, F., Tredici, 
M. and Materassi, R. (1987). Recent research on Spirulina in Italy. 
In Twelfth International Seaweed Symposium (pp. 79-82). Springer 
Netherlands. 

Torzillo, G., Pushparaj, B., Bocci, F., Balloni, W., Materassi, R. and 
Florenzano, G. (1986). Production of Spirulina biomass in closed 
photobioreactors. Biomass, 11(1): 61-74. 

Torzillo, G., Sacchi, A., Materassi, R. and Richmond, A. (1991). Effect of 
temperature on yield and night biomass loss in Spirulina platensis 
grown outdoors in tubular photobioreactors. Journal of Applied 
Phycology, 3(2): 103-109. 

Traitler, H., Winter H. and Ingenbleck Y. (1984). Characterization of gamma 
linolenic acid in ribes seed. Lipids, 19:923-928. 

Ugwu, C.U., Aoyagi, H. and Uchiyama, H. (2008). Photobioreactors for mass 
cultivation of algae. Bioresource technology, 99(10): 4021-4028. 

Unep.or.jp, (2016). Retrieved from 
http://www.unep.or.jp/ietc/Publications/TechPublications/TechPub-
17/oman2.asp 

Vonshak, A and Tomaselli, L. (2000). Arthrospira (Spirulina): Systematics 
and Ecophysiology. In: Whitton, B.A. and Potts, M. (Ed) The ecology of 
cyanobacteria-their diversity in time and space, chapter 18, Kluwer 
academic, Press. London, pp. 505-522. 

Vonshak, A. (1986). Laboratory techniques for the cultivation of microalgae. 
In: A. Richmond (Ed.), Handbook of microalgal mass culture, CRC 
Press, Boca Raton, FL, pp. 117–145. 

Vonshak, A. (1987). Biological limitations in developing the biotechnology for 
algal mass cultivation. Science de L’eau (Journal of Water Science), 
6:99-103. 

Vonshak, A. (1990). Recent advances in Microalgal biotechnology. 
Biotechnology Advances, 8: 709-727. 

Vonshak, A. (2002). Use of Spirulina Biomass. In: A. Vonshak (Ed.), 
Spirulina platensis (Arthrospira) Physiology Cell Biology and 
Biotechnology, Taylor & Francis, ISBN 0-203- 48396-0, London, pp. 
159-173. 

Vonshak, A. and Richmond, A. (1981). Photosynthetic and respiratory 
activity in Anacystis nidulans adapted to osmotic stress. Plant 
Physiology, 68: 504-509. 

Vonshak, A. and Richmond, A. (1988). Mass production of the blue-green 
alga Spirulina : an overview, Biomass, 15: 233-237. 

Vonshak, A. and Tomaselli, L. (2002). Arthrospira (Spirulina): systematics 
and ecophysioIogy. In: The ecology of cyanobacteria, Springer 
Netherlands, pp. 505-522. 

Vonshak, A., Abeliovich, A., Boussiba, S., Arad, S. and Richmond, A. (1982). 
Production of Spirulina biomass: effects of environmental factors and 
population density. Biomass, 2(3): 175-185. 

Vonshak, A., Boussiba, S., Abeliovich, A., Arad, S. and Richmond, A. (1983). 
Production of Spirulina biomass: Maintenance of pure culture outdoors, 
Biotechnology Bioengineering, 25: 341-346. 



© C
OPYRIG

HT U
PM

56 
 

Vonshak, A., Guy, R. and Guy, M. (1988). The response of the filamentous 
cyanobacterium Spirulina platensis to salt stress. Archives of 
Microbiology, 150(5): 417-420. 

Vonshak, A., Kancharaksa, N., Bunnag, B. and Tanticharoen, M. (1996). 
Role of light and photosynthesis on the acclimation process of the 
cyanobacterium Spirulina platensis to salinity stress. Journal of Applied 
Phycology, 8: 119-124. 

Warr, S.R.C., Reed, R.H., Chudek, J.A., Foster, R. and Stewart, W.D.P. 
(1985). Osmotic adjustment in Spirulina platensis. Planta, 163(3): 424-
429. 

Water-Technology, (2016). Retrieved from http://www.water-
technology.net/projects/muscat/ 

Wolf, R.B., Kleiman, R. and England R. E. (1983). New sources of gamma 
linolenic acid (Boranginaceae, Scrophulariaceae, Onagraceae and 
Saxifragaceae). Journal of the American Oil Chemists’ Society, 60: 
1858-1860. 

Yilmaz, H.K., Ayas, D., Yilmaz, H. and Özogul, Y. (2010). The effects of 
different salinity rates on fat and fatty acid composition of Spirulina 
platensis/Farkli Tuzluluk Oranlarinin Spirulina platensis' in Yag ve Yag 
Asitleri Kompoziyonuna Etkileri. Journal of FisheriesSciences. 
com, 4(3): 282. 

Zekri, S., (2008). Using economic incentives and regulations to reduce 
seawater intrusion in the Batinah coastal area of Oman. Agricultural 
Water Management, 95(3): 243–252.  

Zekri, S., Al-Rawahy, S. and Naifer, A. (2010). Socio-economic 
considerations of salinity: descriptive statistics of the Batinah sampled 
farms. Age, 113: 99–113.  

Zeng, M.T. and Vonshak, A. (1998). Adaptation of Spirulina platensis to 
salinity-stress. Comparative Biochemistry and Physiology Part A: 
Molecular and Integrative Physiology, 120(1): 113-118. 

Zhang, T., Gong, H., Wen, X. and Lu, C. (2010). Salt stress induces a 
decrease in excitation energy transfer from phycobilisomes to 
photosystem II but an increase to photosystem I in the cyanobacterium 
Spirulina platensis. Journal of Plant Physiology, 167: 951-958. 

Zhu, C.J., Lee, Y.K., Chao, T.M. and Lim, S.H. (1997) Diurnal changes in 
gross chemical composition and fatty acid profiles of Isochrysis galbana 
TK1 in outdoor closed tubular photobioreactors. Journal of Marine 
Biotechnology, 5:153–157. 


	1394 A4 title
	1394 A4 chapter
	Blank Page
	Blank Page
	Blank Page
	Blank Page




