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Date and place of birth: 20/07/52, Israel

Military service: 1971 to 1974

Contact data: 
French Associates Institute for Agriculture and Biotechnology of Drylands, Blaustein Institutes for Desert Research, Sede Boqer campus, Ben-Gurion University, P.O.B. 653, Beer Sheva 84105, Israel, Tel: 972 52 5793031.
Education 

B.Sc. -1980 - 1982
The Hebrew University, Faculty of Agriculture – Field Crops and Vegetables.

Ph.D.-1994 - 1998
The Hebrew University, Faculty of Agriculture – Field Crops and Vegetables.


Advisors: Prof. Amos Dovrat, Dr. Tal Kipnis, Prof. Herman Lips.


Title of thesis: Relationships between salinity of the growth medium, N metabolism and ionic balance in annual ryegrass (Lolium multiflorum)

Post–Doc 1999-2000
The Weizmann Institute of Science, Department of Plant Sciences
                                      Advisor: Prof. Robert Fluhr.

                                      Title of research thesis: Transcriptional and post-transcriptional regulation of reactive oxygen species production in response to biotic and abiotic stresses. 

Employment History 

2013-present
Professor, Dryland Biotechnology, The Jacob Blaustein Institutes for Desert Research.

2009-2013
Associated professor, Dryland Biotechnology, The Jacob Blaustein Institutes for Desert Research.
2003-2008
Researcher ‘Grade B’, The Jacob Blaustein Institutes for Desert Research
2001- 2003
Researcher ‘Grade C’ ,’Tenured‘,  The Institutes for Applied Research, Ben-Gurion University of the Negev, Beer-Sheva.
1989- 2001
Director and Researcher at the Desert Agricultural Negev Saline Water Experimental Center, Ramat Negev, Israel

1986 - 1989
General Manager of Kibbutz Mashabbe Sade

1983 - 1985
Director of the RAM research. Kibbutz Revivim and Kibbutz Mashabbe Sade Negev Desert experimental agricultural farm for irrigation with recycled sewage water produced in Beer-Sheva 

1972 - 1978
Manager of field crop production at Mashabbe Sade 

1972 - 2003
Member of Kibbutz Mashabbe Sade, Ramat Hanegev, Israel.

Professional Activities 

Professional functions outside universities/institutions


2002 - 2006
Member, Ministry of Agriculture, Chief Scientist's Steering Committee for   Indoor Vegetables 

1989 - 2009
Member, Ramat Negev R&D Broad Management

1989 - 2003
Member, Agricultural Committee of Ramat Negev Regional Council

2010- 2015          Member, Ministry of Agriculture, Chief Scientist's Steering and  professional Committee  for Biotechnology
2009-2015           MC Member (one of the 2 Israeli representatives) in COST [FA0901 IL] COST Action FA0901: Putting Halophytes to Work.
11/2019-present  Chief scientist, Katif research center for coastal deserts development and Katif laboratories. Sedot Negev Academic Campus.

Professional consulting

2006-present -  The L. N. Gumilyov, Eurasian National University, Astana   Kazakhstan- Scientific Supervisor of Doctoral students in Biology: Lyazat Kalashinova,(2007), Nazira Moldakimova (2011/12), Malika Myrazbayeva (2011/12), Olga Balenko (2012/13), Maxim Sutula (2018), Gadilgereyeva Bakhytgul (2019).
Professional functions inside universities/institutions
2010-15      Faculty representative in the University centers committee
2010-15      Member in departmental teaching committee.

2011-present   Departmental representative in the faculty equipment committee.
2018-present  Committee Member of The Jacob Blaustein Center for Scientific Cooperation    
Educational activities

Courses taught

-"Plant Physiology in Arid land"- B.Sc.- Life Sciences (Jointly with Prof . Jhonathan Ephrath) - 205-1-9331  
-"Plant stress physiology"-  Albert Katz International School for Desert Studies (Jointly with Prof . Jhonathan Ephrath) -. Semester B 0-001-2-2005
-" Stress sensing" guided reading course for Albert Katz International School for Desert Studies. Semester A & B . 0-001-2-2037
Research students
MSc students
11/2000
Guoxiong Chen (China)-M.Sc - The Jacob Blaustein Institute for Desert Research.  (Jointly with Prof Herman Lips)
12/2000
Xiaoping Fu (China) - M.Sc- The Jacob Blaustein Institute for Desert Research. (Jointly with Prof. Herman Lips)
2005 - 2007 
Evelyn Roxana Farfán Vignolo (Peru) - M.Sc- The Jacob Blaustein Institute for Desert Research. (Jointly with Dr. Jhonathan Ephrath)

2006 - 2008    Wegi Abera (Ethiopia) - M.Sc- The Jacob Blaustein Institute for Desert Research. 

2007 - 2008
Uladzislau Hryshkevich (Belarus) - M.Sc- The Jacob Blaustein Institute for Desert Research. 
2008- 2010     Malika Myrzabayeva (Kazakhstan) – MSc- The Jacob Blaustein Institute for Desert Research. 
2010-3/2012   Mr Sharma Umanath (Nepal)- MSc - The Jacob Blaustein Institutes for Desert  Research
2010-3/2012   Mr Agawu Teye Ebenezer  (Ghana)- MSc - The Jacob Blaustein Institutes for Desert Research
11/2012-2014  Ms Kurmanbayeva Assylay Baktybayevna (Kazakhstan)- MSc-The Jacob Blaustein Institutes for Desert Research.

03/2013-03/2015 Ms Bekturova Aizat (Kazakhstan)- MSc-The Jacob Blaustein Institutes for Desert Research.

09/ 2015-09/2016, Ms. Maria Dolores (Ecuador )- MSc. The Jacob Blaustein Institutes for Desert Research.

03/2020-02/2022 Mr Tesfaye Asmare Sisay (Ethiopia)- MSc. The Jacob Blaustein Institutes for Desert Research.

PhD students

10/2013-09/2017  Ms Kurmanbayeva Assylay Baktybayevna (Kazakhstan)- Coupled MSc-PhD, The Jacob Blaustein Institutes for Desert Research.

10/2013-09/2017  Ms Aigerim Soltabayeva (Kazakhstan)- The Jacob Blaustein Institutes for for Desert Research
03/2015-2019  Ms Bekturova Aizat (Kazakhstan)- -The Jacob Blaustein Institutes for Desert Research.

10/2016-12/2020 Ms Dinara Oshanova (Kazakhstan)- -The Jacob Blaustein Institutes for Desert Research.

10/2016-12/2020 Ms Zhadyrassyn Nurbekova (Kazakhstan)- -The Jacob Blaustein Institutes for Desert Research.

.Postdoc students

2003
Dr. Xing-Yu Jiang (China) - Postdoc- The Jacob Blaustein Institute for Desert Research.  (Jointly with Prof. Herman Lips)
2003-2005
Dr. Zhazira Yesbergenova (Kazakhstan) - Postdoc-The institutes for Applied Research.

2005-2006
Dr. Guohua Yang (China) – Postdoc - The Institutes for Applied Research.

2005 - 2008    Dr. Galina Brychkova (Belarus/Israel) – Postdoc - The Jacob Blaustein Institute for Desert Research.

2006
          Dr. Zongliang  Xia (China) - Postdoc - The Jacob Blaustein Institute for Desert Research.

2006
         Dr. Zhili Zhang (China) – Postdoc - The Jacob Blaustein Institute for Desert Research.

2006 - 2010    Dr. Yvonne Ventura – Postdoc - The Jacob Blaustein Institutes for Desert Research. 

2008-2009       Dr Ziming Wu (China), Postdoc - The Jacob Blaustein Institutes for Desert Research. 
2008-2014       Dr Dimitry Yarmolinsky (Belarus)- Postdoc - The Jacob Blaustein Institutes for Desert Research. 
07/2013-09/2017 Dr Sudhakar Srivastava (India) - The Jacob Blaustein Institutes for Desert Research. 
11/2013-08/2015 Dr Gounipalli Veera Nagamallaiah  (India) - The Jacob Blaustein Institutes for Desert Research. 
10/2017-09/2018  Ms Kurmanbayeva Assylay Baktybayevna (Kazakhstan)- short term Posdoc, The Jacob Blaustein Institutes for Desert Research.

10/2017-09/2018  Ms Aigerim Soltabayeva (Kazakhstan)- The Jacob Blaustein Institutes for for Desert Research- short term Posdoc.

2019-03/2020 Ms Bekturova Aizat (Kazakhstan)-The Jacob Blaustein Institutes for Desert Research. Short term postdoc for 6 months, The Jacob Blaustein Institutes for Desert Research.
10/2019-09/2021 Dr Arvind Kumar Dubey (India) - The Jacob Blaustein Institutes for Desert Research. BCSC, The Jacob Blaustein Institutes for Desert Research.
10/2020-09/2022 Dr Poonam Tiwari (India) - The Jacob Blaustein Institutes for Desert Research. BCSC, The Jacob Blaustein Institutes for Desert Research.
01/2021-06/2021 Ms Dinara Oshanova (Kazakhstan)-The Jacob Blaustein Institutes for Desert Research.

01/2021-12/2021 Ms Zhadyrassyn Nurbekova (Kazakhstan)-The Jacob Blaustein Institutes for Desert Research.

Awards, Citations, Honors, Fellowships
Honors, Citation Awards 

1981- Faculty of Agriculture, Hebrew University of Jerusalem, Rehovot, Israel- Rector's prize for distinguished student. 

1999- Recipient of "The Sir Charles Clore Postdoctoral Fellowship" of Feinberg Graduate   School, Weizmann Institute for Science.

2008- Recipient of "a special President's Prizes Awarded for Outstanding Scientific Achievement" as part of the 60th anniversary commemorating the founding of the State of Israel. http://web.bgu.ac.il/Eng/home/News/President+Prizes.htm 
Scientific Publications

Chapters in collective volumes - Conference proceedings

Cohen, S., Shaeffer, A. Shen, S. Cohen, S. and Sagi. M. (1999). Light distribution in greenhouse muskmelon canopies. Prediction, measurement and influences. Acta Hort. 507:17-24. In: III International Workshop on Models for Plant Growth and Control of the Shoot and Root Environments in Greenhouses. ISHS Acta Horticulturae book 507.
Lips, S.H., Omarov R. T. and Sagi, M. 2000. Mo-enzymes at the crossroads of signal transmission from root to shoot. In: "Nitrogen in a sustainable ecosystem from the cell to the plant." M. A. Martins-Loucao and S. H. Lips (eds). Backhuys, Leiden.

Refereed articles and refereed letters in scientific journals

1.
Pasternak, D., Sagi, M., De-Malach, Y., Keren, Y. and Shaffer, A.1995. Irrigation with brackish water under desert conditions XI. Salt tolerance in sweet-corn cultivars. Agric. Water Manag. 28:325-334.

2.
Gao, Z., Sagi, M. and Lips, S. H. 1996. Assimilate allocation priority as affected by nitrogen compounds in the xylem sap of tomato. Plant Physiol. Biochem. 34:807-815. 

3.
De Malach, Y., Ben- Asher, J., Sagi, M. and Alert, A. 1996. Double emitter source (DES) for salinity and fertilization experiments. Agron. J. 88: 987-990.

4.
Sagi, M., Savidov, N.A., L'vov N.P. and Lips, S.H. 1997. Nitrate reductase and molybdenum cofactor in annual ryegrass as affected by salinity and nitrogen source. Physiol. Plant. 99: 546-553. 

5.
Sagi, M., Dovrat, A., Kipnis, T. and Lips, S.H. 1998. Nitrate reductase, phosphoenolpyruvate carboxylase and glutamine synthetase in annual ryegrass (Lolium multiflorum Lam.) as affected by salinity, N source and level. J. Plant Nutr. 21:707-723

6.
Sagi, M., Dovrat, A., Kipnis, T. and Lips, S.H. 1997. Ionic balance, biomass production, and organic nitrogen as affected by salinity and nitrogen source in annual ryegrass. J. Plant Nutr. 20: 1291-1316.

7.
Savidov, N. A., L'vov, N. P., Sagi, M. and Lips, S. H. 1997. Molybdenum cofactor biosynthesis in two barley (Hordeum vulgare L.) genotypes as affected by nitrate in the tissue and in the growth medium. Plant Sci. 122: 51-59.

8.
Savidov, N. A., Sagi, M. and Lips, S.H. 1997. The assay of the molybdenum cofactor in higher plants as affected by pyridine nucleotides and nitrate. Plant Physiol. Biochem. 35: 419-426

9.
Sagi, M., Omarov, R. T. and Lips, S.H. 1998. The Mo-hydroxylases xanthine dehydrogenase and aldehyde oxidase in ryegrass as affected by nitrogen and salinity. Plant Sci. 135:125-135. 
10.
Sagi, M. and S.H. Lips. 1998. The levels of nitrate reductase and molybdenum cofactor in annual ryegrass as affected by nitrate and ammonium. Plant Sci. 135: 17-24. 

11.
Gao, Z., Sagi, M. and Lips, S.H. 1998. Carbohydrate metabolism in leaves and assimilate partitioning in fruits of tomato (Lycopersicon esculentum L.) as affected by salinity. Plant Sci. 135: 149-159. 

12.
Omarov R., Sagi, M. and Lips, S.H. 1998. Regulation of aldehyde oxidase and nitrate reductase in roots of barley (Hordeum vulgare L.) by nitrogen sources and salinity. J. Exp. Bot. 49: 897-902. 

13.
Li, J. Sagi, M., Gale, J., Volokita, M. and Novoplansky, A. 1999. Response of tomato plants to saline water as affected by carbon dioxide supplementation. I: Growth, yield and fruit quality. J. Horticult. Sci. Biotech. 74:232-237. 
14.
Sagi, M. Fluhr, R. and Lips, S.H. 1999 Aldehyde oxidase and xanthine dehydrogenase in a flacca tomato mutant with deficient abscisic acid and wilty phenotype. Plant Physiol. 120:571-578. 
15.
Sagi, M. and Fluhr, R. 2001 Superoxide Production by plant homologues of the gp91phox NADPH oxidase. modulation of activity by calcium and by tobacco mosaic virus infection. Plant Physiol. 126: 1281-1290. 
16.
Lichter, A., Ostrovski, A., Dvir, O., Cohen, S., Golan, R., Shemer, Z. and Sagi, M. 2002. Cracking of cherry tomatoes in solution. Postharv. Biol. Technol. 26: 305-312.
17.
Sagi, M., Scazzocchio, C. and Fluhr, R. 2002.  The absence of molybdenum cofactor sulfuration is the primary cause of the flacca phenotype in tomato plants. Plant J. 31:305-317. 

18.
Chen, G., Lips, S.H. and Sagi, M. 2002. Biomass, transpiration and endogenous ABA levels in grafts of flacca and wild-type tomato (Lycopersicon esculentum). Functional Plant Biology 29: 1329-1335. 
19.
Chen, G., Shi, Q., Lips, S.H. and Sagi, M. 2003.  Comparison of growth of  flacca and wild-type tomato grown under conditions diminishing their differences in stomatal control. Plant Sci. 164:753-757. 

20.
Chen, G.,  Fu, X.,  Lips, S.H. and  Sagi, M. 2003. Control of plant growth resides in the shoot and not the root in the presence and absence of salinity stress in reciprocal grafts of flacca and wild-type tomato (Lycopersicon esculentum). Plant and Soil 256:205-215. 

21.
 Sagi, M., Davydov, O., Orazova, S., Yesbergenova, Z., Ophir, R., Stratmann, J. W. and Fluhr R. (2004) Plant respiratory burst oxidase homologs impinges on wound responsiveness and development in Lycopersicon esculentum.  Plant Cell 16:616-628. 

22.
Jiang, X. Omarov, R, T, Yesbergenova, Z, and Sagi, M, (2004) The effect of molybdate and tungstate in the growth medium on abscisic acid content and the Mo-hydroxylases activities in barley (Hordeum vulgare L.). Plant Science 167: 297-304. 
23.
Bustan, A. Sagi, M.  De-Malach, Y. and Pasternak, D. (2004) Effects of saline irrigation water and heat waves on potato production in an arid environment. Field Crops Research 90:275-285. 

24.
Chen, G., Sagi, M., Weining, S., Krugman, T., Fahima, T., Korol, A. B. and Nevo, N. (2004). Wild barley eibi1 mutation identifies a gene essential for leaf water conservation. Planta 219: 684-693. 

25.
Desikan, R., Cheung, M., Clarke , A., Golding , S., Sagi, M.,  Fluhr, R., Rock, C., Hancock, J. and Neill, S. (2004) Hydrogen peroxide is a common signal for darkness and ABA-induced stomatal closure in Pisum sativum L. Functional Plant Biology 31: 913-920. 

26.
Bustan A, Cohen S, De Malach Y Zimmermann P, Golan R, Sagi M, Pasternak, D. (2005)  

 HYPERLINK "http://wos15.isiknowledge.com:80/?SID=9jIHmhkG1Je3M5PpFjo&Func=Abstract&doc=1/1" 
Effects of timing and duration of brackish irrigation water on fruit yield and quality of late summer melons. Agric.Water Manag. 74 (2): 123-134. 

 27.
  Yesbergenova, Z.,  Yang, G., Oron, E., Soffer, D., Fluhr , R. and Sagi, M. (2005). The plant Mo-hydroxylases aldehyde oxidase and xanthine dehydrogenase have distinct reactive oxygen species signatures and are induced by drought and abscisic acid. Plant J. 42: 862-876. 
28.
Hepaksoy, S., Ben-Asher, J., de Malach, Y., David, I., Sagih, M., and Bravdo,B., (2006)  Grapevine Irrigation with Saline Water: Effect of Rootstocks on Quality and Yield of Cabernet Sauvignon. J Plant Nutr. 29: 783–795. 

29.
Ben-Asher, J., Tsuyuki, I.,  Bravdo, B., and Sagih, M. (2006) Irrigation of  Grapevines with Saline Water: I) Leaf Area Index, Stomatal conductance, Transpiration and Photosynthesis Agric.Water Manag. 83: 13-21. 

30.
  Sagi, M. and Fluhr, R (2006) Production of reactive oxygen species by plant NADPH oxidases. Plant Physiol. 141:336-340. 

31.
Ashtamker, C., Kiss, V., Sagi, M., Davydov, O.  and Fluhr, R. (2007). Diverse subcellular locations of cryptogein-induced ROS production in tobacco BY-2 cells Plant Physiol. 143, 1817-1826.Impact Factor: 6.6114, 

32.
  Brychkova, G., Xia, Z., Yang, G., Yesbergenova, Z., Zhang, Z., Davydov, O., Fluhr, R. and Sagi, M. (2007) Sulfite Oxidase protects plants against sulfur dioxide toxicity Plant J. 50: 696-709


33          Brychkova, G., Alikulov, Z., Fluhr, R. and  Sagi, M.(2008) A critical role for ureides in dark and senescence-induced purine remobilization is unmasked in the Atxdh1 Arabidopsis mutant. Plant J. 54, 496–509. 
34          Brychkova, G., Fluhr, R. and Sagi, M. (2008) Formation of xanthine and the use of purine metabolites as a nitrogen source in Arabidopsis plants. Plant Signaling & Behavior 3:11 999-1001.

35          Alkan, N.,  Davydov, O.,  Sagi, M., Fluhr, R. and Prusky, D., (2009) Ammonium Secretion by Colletotrichum coccodes activates host NADPH Oxidase activity enhancing host cell death and fungal virulence in tomato fruits Molecular Plant-Microbe Interactions 22: 1484-1491.

36          Ventura Y, Wuddineh WA, Ephrath Y, Shpigel M and Sagi M. (2010) Molybdenum as an essential element for improving total yield in seawater-grown Salicornia europaea L. Sci Hortic 126:  395–401.
37          Ventura, Y., Wuddineh, WA., Myrzabayeva, M.,  Alikulov, Z., Goldberg, I-  K.,   Shpigel, M.,  Samocha, T. M.  and  Sagi, M (2011) Effect of seawater concentration on the productivity and nutritional value of annual Salicornia and perennial Sarcocornia halophytes as leafy vegetable crops. Sci. Hortic. 128: 189-196. 

38    Ventura, Y.,  Wuddineh, WA., Shpigel, M.,  Samocha, T. M., Klim, B.C. Cohen, S.,  Shemer, Z., Santos, R., Sagi, M. (2011) Effects of day length on flowering and yield production of Salicornia and Sarcocornia species. Sci. Hortic. 130: 510-516.

39   Brychkova, G., Yarmolinsky, D., Fluhr, R. and Sagi, M. (2012) The determination of sulfite levels and its oxidation in plant leaves. Plant Sci. 190: 123-130.
40    Brychkova, G., Yarmolinsky, D., Ventura, Y. and Sagi, M. (2012) A Novel In-gel Assay and an Improved Kinetic Assay for Determining In Vitro Sulfite Reductase Activity in Plants. Plant and Cell Physiology 53:1507-1516.  

41  Brychkova, G., Yarmolinsky, D. and Sagi, M. (2012) Kinetic Assays for Determining In Vitro APS Reductase Activity in Plants without the Use of Radioactive Substances Plant and Cell Physiology 53:1648-1658. 

42     Brychkova, G., Yarmolinsky, D. and Sagi, M. (2012) Kinetic Assays for    Determining In Vitro APS Reductase Activity in Plants without the Use of Radioactive Substances Plant and Cell Physiology 53:1648-1658. 
43     Brychkova, G., Grishkevich.,  Fluhr, R. and Sagi, M. (2013).  An essential role for tomato sulfite oxidase and enzymes of the sulfite network in maintaining leaf sulfite homeostasis Plant Physiol. 161:148-164. Recommended by the editorial in "on the inside" doi: http:/​/​dx.​doi.​org/​10.​1104/​pp.​112.​900454 Plant Physiology January 2013 vol. 161 no. 1 1-2. 

44     Yarmolinsky, D., Brychkova, G., Fluhr, R. and Sagi, M. (2013). Sulfite Reductase Protects Plants against Sulfite Toxicity. Plant Physiol. 161:725-743. 
45     Ventura, Y. and  Sagi, M. (2012) Halophyte crop cultivation: the case for   Salicornia and Sarcocornia. Environ. Exp. Bot.  92: 144–153.
46     Ventura, Y.,  Myrzabayeva, M., Alikulov, Z., Cohen, S.,  Shemer, Z. and Sagi, M.(2013)  The importance of iron supply during repetitive harvesting of Aster tripolium . Functional Plant Biology 40, 968–976.
47     Shpigel, M., Ben-Ezra, D., Shauli, L., Sagi, M., Ventura, Y., Samocha, T., Lee, J.J. (2013) Constructed wetland with Salicornia as a biofilter for mariculture effluents. Aquaculture  412-413: 52-63.   
48     Yarmolinsky, D.,  Brychkova, G., Kurmanbayeva, A., Bekturova, A., Ventura, Y., Khozin-Goldberg, I.,  Eppel, A., Fluhr, F. and  Sagi, M. (2014) Impairment in sulfite reductase leads to early leaf senescence in tomato plants. Plant Physiol. 165: 1505–1520. Recommended by the editorial in "on the inside" oi/10.1104/pp.114.900490 Plant Physiology_, August 2014, Vol. 165, pp. 1395–1396. 

49     Ventura, Y., Eshel, A., Pasternak, D and Sagi, M (2014) The development of        halophyte-based agriculture: past and present. Annals of Botany 115: 529–540. 

50     Ventura, Y., Myrzabayeva, M., Alikulov, Z., Omarov, R., Khozin-Goldberg, I. and   Sagi, M. (2014) Effects of salinity on flowering, morphology, biomass accumulation and leaf metabolites in an edible halophyte. AoB PLANTS, doi: 10.1093/aobpla/plu053. 

51  Babenko ON, Brychkova G, Sagi M, Alikulov ZA. (2015) Molybdenum application enhances adaptation of crested wheatgrass to salinity stress. Acta Physiol. Plant. 37:14 DOI 10.1007/s11738-014-1757-8 

52     Brychkova G, Yarmolinsky D, Batushansky A, Grishkevich V, Khozin-Goldberg I, Fait A, Amir R, Fluhr R, Sagi M (2015) Sulfite Oxidase Activity Is Essential for Normal Sulfur, Nitrogen and Carbon Metabolism in Tomato Leaves. Plants 4: 573-605. 

53   Fisher, B., Yarmolinsky, D., Abdel-Ghany, S., Pilon, M., Pilon-Smits, E.A., Sagi, M. Van Hoewyk, D. (2016) Superoxide generated from the glutathione-mediated reduction of selenite damages the iron-sulfur cluster of chloroplastic ferredoxin 106: 228-235. 

54    Kurmanbayeva A, Bekturova A, Srivastava S, Soltabayeva A, Asatryan A, Ventura Y, Khan MS, Salazar O, Fedoroff N, Sagi M (2017) Higher novel L-Cys degradation activity results in lower organic-S and biomass in Sarcocornia than the related saltwort, Salicornia. Plant Physiol. 175: 272-289. 

55     Kurmanbayeva, A., Brychkova, G., Bekturova, A., Khozin, I., Standing, D., Yarmolinsky, D., Sagi, M. (2017) Determination of Total Sulfur, Sulfate, Sulfite, Thiosulfate, and Sulfolipids in Plants. Plant Stress Tolerance, (Humana Press, New York, NY), 253-271
56     Brychkova, G., Kurmanbayeva, A., Bekturova, A., Khozin, I., Standing, D., Yarmolinsky, D., Sagi, M. (2017) Determination of Enzymes Associated with Sulfite Toxicity in Plants: Kinetic Assays for SO, APR, SiR, and In-Gel SiR Activity‏. Plant Stress Tolerance, (Humana Press, New York, NY), 229-251, 2017‏
57     Srivastava, S., Brychkova, G., Yarmolinsky, D., Soltabayeva, A., Samani, T., Sagi, M. (2017) Aldehyde Oxidase 4 plays a critical role in delaying silique senescence by catalyzing aldehyde detoxification. Plant physiol. 173:1977-1997 

58    Balážová, L., Babula, P., Baláž, M., Bačkorová, M., Bujňáková, Z., Briančin, ., Kurmanbayeva, A., Sagi M. (2018) Zinc oxide nanoparticles phytotoxicity on halophyte from genus Salicornia Plant Physiol. and Biochem. 130:30-42

59     Batyrshina, Z., Yergaliyev, T.M., Nurbekova, Z., Moldakimova, N.A., Zhaksylyk Masalimov, K., Sagi, M., Omarov, R.T. (2018) Differential influence of molybdenum and tungsten on the growth of barley seedlings and the activity of aldehyde oxidase under salinity. J. Plant Physiol. 228:189-196.
60.     Soltabayeva, A., Srivastava, S., Kurmanbayeva, A., Bekturova, A., Fluhr, R., Sagi, M. (2018) Early senescence in older leaves of low nitrate-grown Atxdh1 uncovers a role for purine catabolism in N supply Plant Physiol 178: 1027-1044.
61.     Toubiana, D.,  Puzis, R.,  Wen, L., Sikron, N., Kurmanbayeva, A., Soltabayeva, A., Wilhelmi, M.M.R., Sade, N., Fait, A., Sagi, M., Blumwald, E.,  Elovici, Y. (2019) Combined network analysis and machine learning allows the prediction of metabolic pathways from tomato metabolomics data. Communications Biology 2, Article number: 214.
62.   Camalle, M., Standing, D.,  Jitan, M.,  Muhaisen, R.,  N Bader, Bsoul, M.,  Ventura, Y.,  Soltabayeva, A.,  M Sagi (2020) Effect of Salinity and Nitrogen Sources on the Leaf Quality, Biomass, and Metabolic Responses of Two Ecotypes of Portulaca oleracea. Agronomy 10 (5), 656, 2020‏.
63.    Sharma, U., Bekturova, A., Ventura, Y., Sagi M. (2020) Sulfite Oxidase Activity Level Determines the Sulfite Toxicity Effect in Leaves and Fruits of Tomato Plants.  Agronomy 10 (5), 694.
	


H index=27 with  3120 citations at the 01/03/21, according to "Web of Science" 

H index=34 with 5007 citations at the 01/03/21, according to “Google Scholar”
Unrefereed professional articles and publications

De Malach, Y., Ben- Asher, J., Sagi, M. and Alert, A. 1995. Double emitter source (DES): an adaptation of trickle irrigation to the double line source method. Int. Water Irrig. Review 15: 34-39. 

Classified articles and reports

Sagi M., U. Naphtaliahu, A. Alert, Z. Hoffman and Y. de Malach. 1991. Sunflower irrigated with saline water in the Ramat HaNegev region. Hassadeh 72:306-309 (in Hebrew).

De Malach Y., M. Sagi, A. Alert, Y. David, Z. Hoffman and C. Efron. 1992. A gradual two-variable design of field experiments using trickler double source. Hassadeh 73:80-82 (in Hebrew).

Sagi M, N. Bernstein,  Z. Shemer,  S. Choen,  R, Golan.  M, Zohar.  R.  Bek and T, Rozilio. 2003. Salicornia, a plant on the way to be a cash-crop halophyte, grown in high salinity  for export to the gourmet markets. Mashov  14/03/2003 (in Hebrew). 
Lectures and Presentations at Meetings and Invited Seminars 

Presentations at International or National conferences/meetings

1994. Nitrogen nutrition of annual ryegrass (Lolium multiflorum) under saline conditions. 
Poster presented at the 9th. FESPP Congress. Brno. Chech Rep. Biolog. Plant. 36:379.

1995 MoCo and NR in ryegrass as affected by salinity, nitrate, nitrite and ammonium. Lecture at the Fourth International Symposium on Inorganic Nitrogen Assimilation and the First Fohs Biostress Symposium, July 23-28, 1995, Seehim/Darmstadt, Germany.

1998.Aldehyde oxidase and xanthine dehydrogenase in a flacca tomato mutant with deficient abscisic acid and wilty phenotype. 
Poster presented in Salt and Water stress in Plants at Gordon Research Conference. Oxford.

1998 The Mo-hydroxylases xanthine dehydro​genase and aldehyde oxidase in ryegrass as affected by nitrogen and salinity. Lecture at the 5th International Symposium on Inorganic Nitrogen Assimilation and the 3rd Fohs Biostress Symposium, July 13-17, 1998, Luso Portugal.
2001. Lecture presented at the annual conference of the Israeli Society of Plant Sciences, held in The Faculty of Agriculture, Rehovot, April 4th 2001. 

2002  The absence of molybdenum cofactor sulfuration is the primary cause of the flacca phenotype in tomato plants. Poster presented in Salt and Water stress in Plants at Gordon Research Conference. Oxford.

2004 The plant Mo-hydroxylases aldehyde oxidase and xanthine dehydrogenase have distinct reactive oxygen species signatures and are induced by drought and abscisic acid. Poster presented at Water stress in Plants at Gordon Research Conference. Hong-Kong.

2004. The tomato Mo-hydroxylases aldehyde oxidase and xanthine dehydrogenase generate different  reactive oxygen species that enhanced in response to drought and phyto-hormones application. Poster presented at the 7th International Symposium on Inorganic Nitrogen Assimilation in Plants, from the genome to the agro-ecosystem. Wageningen, The Netherlands, June23-27, 2004. 

2006 Sulfite Oxidase protects plants against sulfur dioxide toxicity. Lecture presented at the Minerva Plant Science Workshop - Metabolism Meets Development, held in Weizmann Institure, Rehovot, September 26-27. 

2008 A critical role for molybdoenzymes in senescence-induced remobilization in plants. Poster presented in Plant Senescence Gordon Research Conference held in Mount Holyoke College in South Hadley MA United States.
2010 Imbalance in plant sulfite homeostasis results in premature senescence and plant death , Held in The 21st Prof. Evenari Symposia on How do plants cope with stress? Monday, June 7th, 2010 at Sede-Boqer, Israel.
2011 Effects of day length on flowering and yield production of Salicornia and Sarcocornia Species, Lecture presented at Annual Meeting & WG1 Conference, COST Action FA0901, Meeting title: MC, ECOST-MEETING-FA0901-100511-006495, Meeting dates: from 10-05-2011 to 12-05-2011, at Nicolaus Copernicus University, Torun, Poland.
2011 Sulfite oxidase is an essential component in the sulfite homeostasis

         network uncovered in tomato plants exposed to stress. Lecture presented at the 3rd  SULPHYTON MEETING, 29 Sept - 1 Oct, 2011, Conegliano, Italy 
2012 Cultivating halophyte crops with saline water.  Lecture presented at the COST meeting 'Sustainable cultivation and exploitation of halophyte crops in a salinizing’ that took place at the Vrije Universiteit, Amsterdam, The Netherlands on Wednesday-Thursday 18-19 April 2012, COST Action FA0901. 
2013 6th European Workshop on Leaf Senescence, 14-18th October 2013, INRA Versailles France, Presentation on “A role for sulfite network enzymes in maintaining sulfite homeostasis and normal metabolism in plants”
2014 7th European Workshop on Plant Senescence, to be held in Denmark, at Sandbjerg Estate, November 10-14, Presentation on “Impairment in sulfite conversion may leads to leaf senescence in plants”

2014  The joint ISF – NSFC workshop on Crop resistance to Stress, Tel-Aviv,

         November 24-26th, 2014. Presentation on “Impairment in sulfite conversion may leads to leaf senescence in plants

2016 the I-CORE meeting on June 6th. 10:45 – 11:00 Dr. Sudhakar Srivastava /Sagi /          BGU, Arabidopsis aldehyde oxidase 4 and senescence under stress.

2017  Plant and Human Sulfur Biology Conference 2017 in Balatonfüred,Hungary

from September 10-14, 2017. Aizat Bekturova, Ben-Gurion University: 

Elevated sulfite affects the water status of the plants and leads to sulfite self-amplification, Assylay Kurmanbayeva, Ben-Gurion University

Sarcocornia exhibits a higher novel degrading activity of L-cysteine by OASTL than the almost identical halophyte Salicornia, affecting organic-S and biomass accumulation, especially at high sulfate supplementation.
2018 The 11th International Plant Sulfur Workshop, in Conegliano, Italy 

September 16 to 20, 2018. Chair in Session II – Sulfur reduction and aminoacid biosynthesis. 
Two PhD students presentations:

1. Arabidopsis O-acetylserine-(thiol) lyase can act as desulfhydrase of L-Cysteine and deselenohydrase of SelenoCysteine A. Kurmanbayeva and M. Sagi.

2. Sulfite application results in sulfite self-amplification that leads to stomata opening and water loss. A. Bekturova and Moshe Sagi.

2019, INDIA H2O, Project Kick Off Meeting , 18th February – 22nd February 2019 

,Gujarat, The Consortium meeting. Title: The development of Salicornia and Sarcocornia as a cash crop vegetable to utilize brine generated by desalination processes for drinking water M. Sagi presenting the role of BGU in the project.

2019 14th POG Conference, July 10 - 12, 2019 in Munich, Germany. Session VI:    Antioxidative Systems and Stress Tolerance. PhD student presentation, title: Aldehyde oxidase 3 that catalyzes the last step of ABA biosynthesis acts as a reactive carbonyl aldehydes tetoxifier Z, Nurbekova and M Sagi.
Research Grants

1991-1993-Ministry of Agriculture, Chief Scientist Project 884-0068-91-93.-Moshe Sagi (PI). The production of forage irrigated with saline water in Ramat Negev-3 years-Annual: $33,000- Total: $100,000.

1994-1997-Ministry of Agriculture, Chief Scientist Project 255-0388-94-97-Moshe Sagi and Eytan Pressman (PI)- Production of high-quality tomatoes irrigated with saline water: The influence of salinity and its components on physiological processes-3 years-Annual: $25,000-Total: $75,000.

1994-1996- Ministry of Agriculture, Chief Scientist Project 255-0297-94-96 (Moshe Sagi).  Enhancement of melon yield by controlling plant density and architecture when grown in greenhouse in Ramat Negev-2 years-Annual: $20,000-Total: $40,000.
1996-1998-Ministry of Science and Technology- Herman. Lips (PI) and Moshe Sagi- 
Novel techniques for the production of high-quality fruit in greenhouses-3 years-Annual: $30,000-Total: $120,000.

1999-2001-Ministry of Agriculture, Chief Scientist Project 884-0141-99/01 - (Moshe Sagi (PI)-Prevention of brown spots in melon (Cucumis melo L.) fruits. -3 years-Annual: $15,000-Total: $45,000.
1999-2001-Ministry of Agriculture, Chief Scientist Project 884-0140-99/01-Moshe Sagi (PI)- Improvement of fruits yield and quality in pepper grown in greenhouse at Ramat Negev-. 3 years-Annual: $15,000-Total: $45,000.

1999-2001-Ministry of Agriculture, Chief Scientist Project 402-0271-99/01 -Amnom Lichter (PI) Moshe Sagi-Study of the factors affecting fruit cracking in cherry tomato fruits. -3 years-Annual: $20,000-Total: $60,000.

2001-2004-AID/CDR/CAR CA20-036 (Moshe Sagi in cooperation with Z. Alikulov [Kazakhstan] and Simon Barak (PI)-Prevention of pre-harvest sprouting. -3 years-Annual: $25,000-Total: $75,000.

2002-2004-Ministry of Agriculture, Chief Scientist Project 884-0150-02-Moshe Sagi (PI).  In cooperation with Ramat Negev R&D- Development of agrotechniques for exportable tomato production without the use of methyl bromide. -3 years-Annual: $13,000-Total: $39,000.

2002-2004-The Harry Stern Applied Research Grant-Moshe Sagi (PI)- Development of Salicornia, a new halophyte crop for export to the gourmet market of Europe. -2 years-Annual: $29,000-Total: $58,000.
2002-2003-Seed money - Research Encouragement Foundation of Ben-Gurion University-Moshe Sagi (PI)- Novel molybdenum cofactor sulfurase and control of plant molybdo enzymes in response to biotic and abiotic stress. Seed money was given to fund a proposal receiving high scoring from The Israel Science Foundation but unfortunately not granted due to funding limitations. $4, 200.

2002-2006-ICA foundation-Moshe Sagi (PI) and Ramat Hanegev R&D- Innovative cash-crop halophytes for future halophyte growers in Ramat Hanegev - A triennial project. In cooperation with Ramat Negev R&D. -5 years-Annual: $33,000-Total: $165,000.
2003-2005-Ministry of Science, Culture and Sport- Moshe Sagi (PI) and Nurit Bernstein.- Development of Salicornia, a new halophyte crop for export to the gourmet market of Europe. In cooperation with Dead Sea R&D-3 years-Annual: $23,333-Total: $70,000.
2003-2005-Peres Center for Peace and Ramat Negev R&D-Moshe Sagi (PI)- Water Culture " at Ramat Hanegev  [Principal Investigator of the project with total budget over $950, 000 (confidential)-3 years-Annual: $59,000-Total: $177,000 

2003-2005-Ministry of Agriculture, Chief Scientist Project 884-0165-03 - Moshe Sagi (PI).  Increase salt resistance in tomato by use of tomato rootstocks able to minimize root to shoot salt movement. -3 years-Annual: $17,000-Total: $51,000.

2003-2005-Ministry of Agriculture, Chief Scientist Project 884-0166-03-Moshe Sagi (PI).  Development of high-quality pepper in combined (net/greenhouse) growing system. -3 years-Annual: $12,667-Total: $38,000.

2003-2007-The Israel Science foundation (ISF) 417/03-Moshe Sagi (PI) and Robert Fluhr-Novel role of molybdoenzymes in biotic and abiotic stresses.-4 years-Annual: $50,000-Total: $200,000.
2003-2005-The Israel Science foundation (ISF) 9056/03-Sagi Moshe (PI)- Budget to purchase Real Time Quantitative PCR for detection of molybdoenzymes gene products expressed in plants exposed to biotic and abiotic stresses-$30,000 from ISF complemented with $30,000 from BGU.

2003-2007-AID-CDR/CAR program-Sagi Moshe (PI), Ines Soares and Alikulov Zerekby (Kazakhstan)- The use of plants for reclamation of salt affected agricultural areas of central Asia-3 years-Annual: $25,000-Total: $75,000.
2003-2008-AID-CDR program- Jhonathan Ephrath (PI) and Sagi Moshe-Studies of stress tolerance mechanisms in Prosopis- 4 years-Annual: $25,000-Total: $100,000.

2005-2008-Ministry of Science, Culture and Sport-Moshe Sagi (PI)- Development of Aster tripolium, a new halophyte crop for export to the gourmet market of Europe. In cooperation with Dead Sea R&D-3 years-Annual: $23,333-Total: $70,000.

2006-2009- Ministry of Agriculture, Chief Scientist Project 857-0498-06-Moshe Sagi (PI)-Development of Salicornia leafy vegetable for the export market, using saline water. In cooperation with Ramat Hanegev R&D and Dead Sea R&D-3 years-Annual: $17,667-Total: $53,000.

2006-2009-Ministry of Agriculture, Chief Scientist Project 884-0186-06- Moshe Sagi  (PI)-Development of Aster tripolium and Atriplex hortensis salty leafy vegatable for the export markt. -3 years-Annual: $16,470-Total: $49,000.

11/2006-05/2009-EU, Sixth Framework Programme, Cooperative Research (CRAFT)-Muki Shpigel (Israel Oceanographic & Limnological Research National Center for Mariculture, Eilat, Israel, coordinator), Moshe Sagi, and researchers from: Marine Plant Ecology Research Group, University of Algarve, Faro, Portugal, School of Ocean Sciences. University of Wales, Bangor, Wales, UK, Seaweed Manufactoring Technology Centre, Pleubian, France and Small Medium Enterprises (SME's) from Israel, France, Portugal and UK- Improvement of the cost effectiveness of marine land-based aquaculture facilities through use of Constructed Wetlands with Salicornia as an environmentally friendly biofilter and a valuable by-product, Proposal acronym:  Envirophyte - 032167 -2 years-Annual for BGU: $90,000-Total for BGU: $180,000.
07/2008-12/2011 TIE-BARD, research project TB-8047-08-(Moshe Sagi PI, Tzhaci Samocha, TAES, Shrimp Mariculture Research Lab, Co-PI, Muki Shpigel, Collaborating)-Cultivation of the halophyte Salicornia sp. in modified constructed wetlands for purification of shrimp effluent water and production of biodiesel fuel.  Total for Israel $180,000. Total for BGU $90,000
07/2008-06/2011 Ministry of Agriculture, Chief Scientist Project 857-0549-08- (Moshe Sagi  PI, Robert Fluhr and Assaf Aharoni, Weizmann Institute of Science, Amnon Lichter, ARO, Collaboratings)- Sulfite Oxidase: A New Technological Tool for Improve Crop Protection and Shelf Life. Total $140,000. Total for BGU $90,000.
07/2008-06/2011 Ministry of Agriculture, Chief Scientist Project 857-0548-08- (Moshe Sagi  PI and Ramat-Hanegev research team). Development of  Inula crithmoides as a new halophytic crop for export to the gourmet markets. Total $72,000. Total for BGU $58,000.
05/2011-04/2012 Ministry of Agriculture, Chief Scientist Project 857-0647-10- (Moshe Sagi  PI and Joshuah Miron -  Dept. of Ruminant Sciences, Institute of Animal Science, ARO, Bet-Dagan)- Development of Salicornia as a high quality food to reduce the cost of imported grains and enhance the performance and quality of cattle products, using highly saline water Total $53,000. Total for BGU $27,000.

07/2010-06/2013 Ministry of Agriculture, Chief Scientist Project 857-0607-10- (Moshe Sagi  PI, Robert Fluhr, Weizmann Institute of Science, Amnon Lers and Dudi Kenigsbuch ARO, Collaboratings)- Delaying senescence in leafy vegetables by control of the novel anti-senescing factors: allantoin and allantoate. Total $125,000. Total for BGU $80,000.

10/2011- 09/2017  Israel Centers Of Research Excellence (ICORE), ICORE Grant Application: Enrg.1 (no. 152/11), Area Renewable & Sustainable Sources of Energy, Center's name Israel Solar Fuels Consortium – ISFC. ICORE member (jointly with 15 scientist from BGU, WIS, Technion. Total for Moshe Sagi $20,000 per year (4years) plus budget for facilities.
01/2013-12/2015 Ministry of Agriculture, Chief Scientist Project 857-0691-13- (Moshe Sagi  PI and Ramat-Hanegev research team). Improving  yield, quality and health components in Salicornia by employing  Sarcocornia lines and suitable  nutrition. Total $95,000. Total for BGU $59,000.

05/2013- 05/2018  Israel Centers Of Research Excellence (ICORE), Grant Application: (no. 757/12), Area: Plant Adaptation to a Changing Environment, Center's name: Comprehensive understanding and modeling of plant responses to multiple abrupt abiotic stresses and to prolonged climatic changes. Annually about $33,000 and $ 27000 for research and facilities, repectively in the lab of Moshe Sagi, for 5 years.
2013-2019-The Israel Science foundation (ISF) 212/13 -Moshe Sagi (PI) -Elucidating the coordinated regulation of “sulfite network” gene expression in sulfite

homeostasis and its role in plant sulfur metabolism.  Annually $60,000 for 5 years-Total: $300,000.
2014-2019- M32-004 MERC: BGU Moshe Sagi (is PI)-Portulaca oleracea (purslane) development as nutritional crop and export. The budget split listed is $188,485 for Ben-Gurion University (BGU, Israel) and $224,480 for NCARE (Jordan) for a total listed as $412,965.
1/2018-12/2020 Project 20-06-0071, Chief scientist Ministry of Agriculture. Title: Develop and refine a nanotechnological process to facilitate the delivery of novel bioactive compounds for fruit and leaf vegetables post-harvest protection. Elena Poverenov (PI), Noam Alkan (The Volcani Center), Robert Fluhr (Weizmann Institute for Science) and Moshe Sagi. Total budget for Sagi lab 187,000 NIS. 
2/2019-7/2023 EU project 820906 - INDIA-H2O.  Title: “bIo-mimetic and phyto-techNologies DesIgned for low-cost purficAtion and recycling of water. Total budget for Sagi lab is 216,250 € of the 2,500,000€ of the European consortium.
01/2020-06/2022 Project 3-16524, Israel-Portugal, Ministry of Science. Title: SaltyCrop: Exploring perennial Sarcocornia as halophyte biofiletr for mariculture effluents and a source for lucrative food and biochemical. With Prof Muki Shpigel Haifa University. Total budget for Sagi lab. 90,000 NIS.
12/2020-11/2023 Project 16-38-0031, Chief scientist Ministry of Agriculture (Biotechnology). Title: Elucidating the role of sulfite in plants drought resistance Moshe Sagi Pi and Simon Barak Ci. NIS750,000 for 3 years, annually 175,000 for Sagi's lab and NIS75,000 for Barak's lab.
01/2021-12/2021 Goldinger Trust grant project titled: Selection of new ecotypes to enable the increase of Salicornia and Sarcocornia exports. $17,500 annually. Projects can be funded for up to three years with a new application required each year.
Synopsis of Current Research

Overview

My research interests focus on how plants adapt to environmental stress. My lab activities are a blend of basic research and its application to answering modern agricultural needs as well as applied research aimed at increasing agricultural income in arid zones by adding new crops and developing new agro-techniques. For example, one project involved improving the salt resistance and fruit quality of tomatoes and other vegetable crops while another focused on using highly saline water for developing cash-crop halophytes for potential halophyte growers. 
My core research revolves around a unique family of enzymes, sulfite oxidase (SO), aldehyde oxidase (AO), nitrate reductase (NR) and xanthine dehydrogenase (XDH), the members of which contain molybdo-pterin co factors (Moco) as their active centers. Via the analysis of impaired Moco mutants, my work showed that the additional Moco sulfuration step is essential for the activation of XDH and AO and provides a potential regulatory point for XDH and AO activities. Furthermore, these enzymes are induced by ageing and environmental stressors such as darkness, salinity, drought and ABA (phyto-hormone), yet affect plant ABA and control the plant’s water status and biomass production when exposed to drought and salinity stresses. Interestingly, each activity has distinct reactive oxygen species (ROS) signatures. Under my supervision my lab demonstrated that SO can control sulfur dioxide poisoning in plants and XDH has a pivotal role in remobilization of the nitrogen rich compounds, ureides, in plants during extended darkness and senescence. Recently, we showed that degraded S-containing metabolites are a source for sulfite accumulation in plant tissue. We further coined the term "Sulfite network" and demonstrated the role of its components enzymes, SO, sulfite reductase (SiR) and other components in maintaining sulfite homeostasis, where sulfite appears to act as an orchestrating signal molecule. The basic research described above can be applied to answering modern agricultural and ecological needs, including, but not limited to, improved disease control in fruits and vegetables by fumigation with more effective doses of sulfite/sulfur dioxide, killing pathogens without damaging the fruits/vegetables, and detoxifying the air pollutant sulfur dioxide using SO and SiR overexpression plants that are able to convert sulfite into harmless sulfate. 
I have applied my understanding of the molecular responses of plants to senescence, drought and salinity and my experiences as a farmer to the promotion of applications for real problems in agriculture. For example, I showed that shoot genotype plays a dominant role in determining biomass accumulation of grafted tomato plants and growth rate is markedly affected by rootstock genotype when grown under a high salinity. My survey of tomato rootstocks has revealed at least three rootstock lines that limit root-to-shoot salt movement and are thus suitable for pairing with high-yielding scion(s) for abundant tomato harvests even when grown under saline conditions. Furthermore, in an effort to promote the growth of new species in saline environments in the Ramat HaNegev desert, I interact with a group of experts in facilitating melon, potato, spice, and grape vine growth technologies. In addition, in my applied research efforts to develop halophytes as cash crops for world gourmet markets, within a relatively short time I compiled a significant amount of know-how for the farmers. Indeed, exports of the halophytes Salicornia and Sarcocornia as vegetable crops are estimated for 2019 to be at ca 1000 tons, which translates into about $5,000,000 worth of income for the farmers of the Ramat HaNegev desert and the Dead-Sea area of Israel.
Research Accomplishments 

Roles of plant molybdo enzymes in response to plant stress (Budget from Seed Money and ISF grant No. 417/03 )
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The molybdo-enzymes are involved in essential aspects of oxidative metabolism in plants. NR catalyzes a step in ammonium production from nitrate, and SO catalyzes the detoxification of sulfite to sulfate. XDH plays a role in purine catabolism, while AO synthesizes ABA from ABaldehyde in the last step of ABA biosynthesis. We found that salinity affects NR activity, MoCo mediates the level of NR and is induced both by nitrate, as expected, and, unexpectedly, by ammonium [4, 5, 7, 8, 9, 10, 12]. We also showed that AO-type enzymes (AO and XDH) have roles both in the biosynthesis of abscisic acid (ABA) and in purine metabolism in response to salinity stress as well as in controlling the concentration and type of nitrogen compounds produced [9, 10, 12, 14,]. The insertion of a terminal sulfur ligand into the MoCo site is required for XDH and AO activity but not for NR and SO activity. Lesions in MoCo sulfuration disrupt AO functioning, as was found in wilty mutants. Via the analysis of such mutants, we showed that the additional sulfuration step in MoCo is a potential regulatory point for XDH and AO activities [14, 17, 22, 27] and affects plant water status and biomass production when exposed to drought and salinity stresses [18, 19, 20, 27]. Moreover, we also showed that AO and XDH have distinct reactive oxygen species (ROS) signatures, and both are induced by drought and ABA [27]. Thus, the class of MoCo oxidative enzymes may serve a dual function in plant metabolism: metabolites production, on the one hand, such as ABA and IAA by AO and uric acid and ureides by XDH, and on the other hand, ROS production for signaling and/or cell death. In this context, many biotic and abiotic stresses lead to the rapid generation of ROS, either as components of the resistance response of plants to pathogens and insects (because of their toxicity to pathogens) or as essential signaling intermediates that transduce the stress signal, leading to the activation of defensive genes. Although we showed recently that Arabidopsis aldehyde oxidase 4 delays silique senescence by detoxifying carbonyl aldehydes (57), It still remained for us to elucidate the role of the molybdo-enzymes aldehyde oxidases, xanthine dehydrogenases, sulfite oxidase and nitrate reductase in the plant stress response. 

A critical role for ureides in dark and senescence-induced purine remobilization and the use of purine metabolites as a nitrogen source in Arbidopsis plants
XDH is pivotal for purine remobilization, and catalyze the conversion of the purine catabolic products hypoxanthine and xanthine to uric acid, which is subsequently degraded to the ureides allantoin and allantoate. We observed that in wild-type plants conditions of extended darkness or increasing leaf age caused induction of transcripts related to purine catabolism, resulting in marked accumulation of the purine catabolic products allantoin and allantoate. In contrast, Arabidopsis mutants of XDH, Atxdh1, accumulated xanthine and showed premature senescence symptoms, as exemplified by enhanced chlorophyll degradation, extensive cell death and up-regulation of senescence-related transcripts. When dark-treated mutant lines were re-exposed to light, they showed elevated levels of reactive oxygen species (ROS) and a higher mortality rate compared with wild-type plants. Interestingly, the level of ROS and mortality could be attenuated by the addition of allantoin and allantoate, suggesting that these metabolites can act as scavengers of ROS. The results highlight a crucial need for the controlled maintenance of ureide levels mediated by AtXDH1 activity during dark stress and ageing, and point to the dual functionality of ureides as efficient stores of nitrogen and as cellular protectants. Thus, the regulation of ureide levels by Atxdh1 has general implications for optimal plant survival during nutrient remobilization, such as occurs during normal growth, dark stress and senescence. (33).In the light of these observations and additional evidence shown here, we discuss the probable pathways leading to xanthine synthesis in Arabidopsis plants during senescence and the role that purine metabolites play as an ongoing source of nitrogen in plant growth.(34, 60).

Sulfite/SO2 detoxifying/assimilation mechanisms in plants (Budget from ISF grant No. 417/03 and Ministry of Agriculture, Chief Scientist Project 857-0549-08).
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The dual function of the class of MoCo oxidative enzymes in plant metabolism was also demonstrated in the smallest known plant molybdo-enzyme. We showed that SO can produce H2O2, while plants can utilize SO in a sulfite oxidative pathway to cope directly with the toxicity of the air-pollutant sulfite/SO2 and probably indirectly with the H2O2 by-product, in both cases to oxidize sulfite to the non-toxic sulfate [32]. The gaseous pollutant SO2 reacts readily with water to form sulfite, which impacts deleteriously on animal and plant health. By modulating the level of sulfite oxidase that catalyzes the transformation of sulfites to the nontoxic sulfate, we showed that Arabidopsis and tomato plants can be rendered either resistant or susceptible to SO2/sulfite [32]. In addition, we showed that the transcript of sulfite reductase (SiR), a chloroplast-localized enzyme that reduces sulfites to sulfides, and additional other sulfite-requiring enzymatic activities, such as the mercaptopyruvate sulfurtransferases (MST1 and MST2) and UDP-sulfoquinovose synthase1 (SQD1), were induced, whereas SO was constitutively expressed and was not significantly induced by SO2. 
In a recent additional study we have developed a new method for sulfite detection by employing a coupled SiR reaction linked to O-acetylserine (thiol) lyase (OAS-TL). We compare this method to other methods and showed that sulfite levels amount to hundreds of nmol g−1 Fw in Arabidopsis, tomato and Nicotiana benthamiana leaves. Furthermore, we showed that externally applied sulfite is rapidly and quantitatively metabolized to sulfate, indicating a role of SO in direct sulfite oxidation and likely also indirectly, by SO generated ROS activity (39).  

Additionally, we developed two new kinetic assays for the determination of APR activity, the enzyme that localized to the chloroplast and generate sulfite in the sulfate reduction pathway (41). Unlike the currently available methods for adenosine-5'-phosphosulfate reductase (APR) activity determination, the two new methods include SO inhibition by tungstic acid to avoid APR activity underestimation. In addition, the two new assays do not require radioactive labeling, since sulfite, the final product of APR activity, is detected by a highly specific colorimetric detection method, different from the currently available methods, where APR activity is detected as acid-volatile [35S]sulfite. We further contributed to the sulfur research community a novel in-gel assay and an improved kinetic assay for determining in vitro sulfite reductase activity (40). The modification of the SiR kinetic assay, improved the sensitivity of the coupled assay system. The novel in-gel activity assay, which is based on the direct detection of sulfide, the final product of SiR activity, has the advantage that it facilitates the detection of SiR activity in crude plant extracts. Its additional advantages are that it is fast and likely will facilitate the detection and analysis of active SiR isoenzymes and splice variants.
The determination of sulfite levels in plants and the newly developed assays enabled us to identify the sulfite network in plants and to follow key elements of the network enzymes that include APR, that generates sulfite and the sulfite scavengers, SO, SiR, SQD1 and MST1 and MST2. By employing extended dark, to induce catabolic pathways we showed that the turnover of S-containing compounds is a source of endogenous sulfite that needs to be detoxified by SO activity. By infiltration of exogenous sulfite via injection into dark stressed and unstressed plant leaves we underlines the role of SO and other sulfite network components in maintaining sulfite homeostasis, where sulfite appears to act as an orchestrating signal molecule (42). In additional recent study we described the fate of sulfite in the different transgenic plants and showed for the first time that SiR plays an important role in protecting leaves against sulfite toxicity in at least two different species that showed differences in SiR expression pattern. Additionally, we demonstrate that sulfite application can cause a rapid rise in SiR expression which is essential for defense against sulfite toxicity (43). Deciphering the control of sulfite homeostasis and its fate will be an important step in crop improvement.
Role of plant NADPH oxidase in plant development and stress (Budget from Peres Center for Peace) 

There is increasing evidence that plant NADPH oxidase is required for ROS accumulation during the plant defense response [15, 30]. We hypothesize that altering the expression levels of this enzyme will have striking consequences for plant stress responses. Previously, we showed that the plant plasma membrane NADPH oxidase can produce the ROS superoxide (O2-) in tobacco leaves infected with tobacco mosaic virus [15]. Later we determined the role of NADPH oxidase and ROS in both signaling mechanisms as well as overall development when we showed that transgenic tomato plants with decreased levels of NADPH oxidase gene expression and ROS production exhibited developmental phenotypes such as branching, dwarfism, curly leaves, and fruits impaired with blossom end rot, a physiological disease indicative of a calcium shortage [21, 30, 31]. Importantly, [image: image5.jpg]


NADPH-like ROS generating activity was shown by us to compensate for the loss of ROS supplied by XDH in dark stressed plants (33). 
Applied research for arid zone farmers - salinity and arid zone agriculture
(Budget from: The Harry Stern Applied Research Grant, ICA foundation, Peres Center for Peace, Ministry of Science and Ministry of Agriculture).

Increase of salt resistance in tomato by use of tomato rootstocks able to minimize root-to-shoot salt movement

There is ample saline water available for agriculture in the Ramat Negev area of the Negev Desert in Southern Israel, but fresh water is limited. Yield and quality of tomatoes and other fruit (melon, grapes etc.) are influenced by salinity and by nitrogen and carbon compounds [2, 3, 11, 13, 16, 23, 26, 28, 29]. Although salinity improves fruit quality (taste, firmness, shelf life, and sugar content), it significantly decreases yield, thus reducing profit. Classical breeding techniques for new varieties with high quality and high quantity yields grown under saline conditions entail a time intensive process. Therefore, we attempted to produce such crops via grafting [28, 29]. A recent study we conducted indicated that shoot genotype plays a dominant role in determining biomass accumulation of grafted tomato plants [18, 20], and growth rate is markedly affected by rootstock genotype when grown under saline conditions [20]. The reduction in yield under saline conditions is attributed to the damage caused by the uptake and eventual accumulation in the leaves of significant quantities of ions such as Na+ and Cl-. Thus, salt resistance may be enhanced by the use of tomato rootstocks able to minimize root-to-shoot salt movement. Our survey of tomato rootstocks has revealed at least three rootstock lines able to diminish root-to-shoot salt movement. The search for optimal combination(s) of rootstocks with high-yielding scion(s) is now under way. The study with grafted and non-grafted tomato plants has contributed to elucidating the role of abscisic acid (ABA) in growth regulation. ABA originating in the shoot accounted for shoot dominance in two-month-old grafted plants [20, 22]. In non-grafted young tomato seedlings, ABA improved root growth and inhibited shoot growth under conditions diminishing stomatal control [19]. Future research into the physiological, biochemical, and molecular components responsible for the adaptation of scion vs. rootstock is essential for the development of additional vegetable crops resistant to salinity and other environmental factors.
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Use of highly saline water for developing cash-crop halophytes for potential halophyte growers 

[image: image7.emf]The extensive desalination facilities in the Ramat Negev Desert and Dead Sea areas in Israel will generate both fresh water and large quantities of highly saline brine. Halophytes are the only plants capable of tolerating the salts present in such brines (~0.5 M NaCl). Among these plants, Salicornia, Sarcocornia, Aster tripolium, and Atriplex excel in evapotranspiration of water and vigor under saline irrigation. All four are consumed fresh as gourmet food in several European countries. However, the supply is limited because these plants are rarely grown as agricultural crops and must be obtained from wild plants growing along the seashore and salt marshes. In view of the demand for Salicornia and other halophytes in European markets and their ability to grow on saline water, these halophytes could become an important source of income for the farmers. We developed an agro-techniques for year-round production of Salicornia and Sarcocornia as cash crops that can productively utilize the brackish water as well as the highly saline brine available from natural sources in the region, thereby contributing to preservation of the environment (36, 37, 38, 44). The results obtained so far reveal that local Salicornia and Sarcocornia ecotypes grown in greenhouses and irrigated with highly saline water produce well-shaped and good-tasting Salicornia during the winter. Exports for 2019 from the deserts of Ramat Hanegev and the Dead-Sea are projected to be more than 1000 tons, capable of generating an annual income of $ 5,000,000. In light of Salicornia’s prospects, we hope that Aster (45) and Atriplex will exhibit similarly successful results. For the future development of Salicornia, we hope to develop a cost effective land-based marine aquaculture facility based on fabricated wetlands in which Salicornia and Sarcocornia function both as an environmentally friendly biofilter and a valuable by-product. These results are summarized in manuscripts 36, 37, 38, 45, 47, 49 and 58.
Present and Future Academic Activities: 

A. Elucidating how xanthine dehydrogenase controls, and is controlled, in plant  ureide and redox network homeostasis during senescence 
Although not lethal in its absence, the molybdo-enzyme xanthine dehydrogenase (XDH) activity is important for cellular and developmental processes in plants. For example, the conversion of xanthine to the metabolically active intermediates urate, ureides and urea, synthesized through XDH1 in the purine catabolism pathway, ensures remobilization and nutrient supply essential for normal plant growth (33,34,60). XDH was also shown to play an important role in plant-pathogen interactions, cell death associated with hypersensitive response and natural senescence. Recently, we showed that AtXDH1 plays a central role in delaying senescence by the acceleration of purine catabolic recycling when plants are exposed to extended dark stress, senescence or during normal diurnal cycles. This AtXDH1 dependent senescence and premature senescence processes are very well coordinated at the transcriptional level by unknown factor/s (33). Moreover, we also showed that plant AtXDH1 is able to generate superoxide radicals via two distinct domains and substrates and is a significant component (30 to 60%) in the plant redox milieu under normal growth conditions and during senescence (27,33). The ROS produced by XDH1 is hypothesized not only to be related to tissue damage, but also to play an important role in plant signal transduction with unknown pathways.

To understand and to uncover the unknown factors that control and/or are controlled by XDH1, we will incorporate transcriptome analysis of wild-type, impaired and overexpressing AtXDH1 Arabidopsis mutants, in a system of controlled stress and senescence induction. By the use of additional mutants we already have and intend to generate, we will elucidate the biochemical and molecular mechanisms that control and/or are controlled by the various XDH domain- dependent activities. Our research will uncover new mechanisms of plant response to stresses sharing a common transcript signature pattern with senescence, and will yield new molecular tools for rational improvement of plant resistance to stresses and senescence.
B. Elucidating the coordinated regulation of “sulfite network” gene expression in sulfite homeostasis and its role in plant sulfur metabolism

Sulfite is a toxic intermediate in the reduction of sulfate to sulfide to generate Cys and other S-containing metabolites in plants, and, therefore, its levels have to be carefully balanced. However, very little is known about the control of sulfite accumulation in plants and its role in sulfur assimilation. "Sulfite network" (a term we have coined) enzymes in plants include APS reductase, which produces sulfite and the enzymes already known to utilize sulfite, sulfite reductase (SiR), UDP-sulfoquinovose synthase (SQD1), sulfite oxidase (SO), and the sulfurtransferases β-mercaptopyruvate sulfurtransferase1 (MST1), and MST2. Based on our recent results in addressing sulfite homeostasis by sulfite network components (40,41,42,43,44, 48, 52-56, 63), we hypothesize that interactions among the "sulfite network" enzymes are important for controlling sulfite levels and sulfur metabolism in plants. We seek to elucidate how the “sulfite network” regulates biosynthesis and fluxes of sulfite and how this regulates sulfur metabolites in plants. We expect that genetic modifications of these enzymes will result in an imbalance of sulfite levels and trigger changes in gene expression and in the biosynthesis of sulfur-containing metabolites that will result in developmental changes. We will evaluate the coordinated regulation of the “sulfite network” components in response to sulfite and sulfate and will determine how sulfite homeostasis changes in response to genetic manipulation of its individual components. Additionally we will analyze the transcriptomic consequences of the altered sulfite homeostasis response to uncover molecular and environmental factors that control and/or are controlled by the sulfite network components. Finally, we will determine the fate and rate of sulfate and sulfite assimilation into sulfur-containing compounds in plants with altered activities of the “sulfite network” components to dissect their contributions to the regulation of sulfur fluxes. Deciphering the control of sulfite homeostasis will be an important step in crop improvement. 
C- The Development of halophyte plants as high quality valuable vegetables and efficient in biomass production.
 We are utilizing novel plant resources of the desert displaying salt stress tolerance such as the annual and the perennial halophyte Salicornia (The later designated now as Sarcocornia, both belong to the Chenopodiaceae). Salicornia/Sarcocornia ecotypes can grow on sea water, high sulfide and sulfate levels and has been recently introduced by us as a new fresh crop that thrives in extreme salt conditions such as in the level of Dead Sea water. Recently we showed that Salicornia/Sarcocornia and other halophytes are able to generate high biomass under different stress conditions (36-38, 45-47, 49-51, 54, 58 ).

We will screen for additional Salicornia/Sarcocornia ecotypes with high capacity for biomass accumulation when exposed to high salinity. We will uncover the molecular components of the very unique mechanisms that allow them to thrive in extreme conditions (resistance to high salinity and  high sulfate/sulfide). Based on the newly identified components, we will develop new modified crops with the capacity to grow on high sulfate/sulfide/saline water in marginal lands. These will be based on modern large-scale sequencing, assembly, annotation, and mapping of the genomes of Salicornia/Sarcocornia. The identified assembled genomes will then be used to analyze genes expression under high sulfate/sulfide/salinity levels. Mutagenesis protocols coupled with functional screening will be developed and used to identify and characterize selected genes. We will generate unbiased metabolic profiles of stress metabolites for Salicornia to identify novel metabolites associated with the stress tolerance and stress-induced genes. Selected genes will be subjected to in-depth structure-function analysis to examine their use in enhancing biomass accumulation of crop plants. 
D-  Portulaca oleracea (purslane) development as a nutritional crop for export.
Portulaca oleracea exhibits high yield potential accompanied by increasing market demands for the product, two of the main requirements determining the success of a potential new crop. For the establishment of this novel type of halophyte, we propose the development of appropriate cultivation methods taking into account e.g. genotype evaluation, germination practices, irrigation and fertilizer applications and harvesting regimes. The dissemination to interested farmers, providing a 'start-package' including propagation material, cultivation protocols and expertise guidance, is one of the main proposed objectives. In addition, basic research on this halophyte species will be conducted to create tools for the better understanding of salt-resistance and the know-how to improve the vegetable quality.

The objectives can benefit much through regional cooperation (Israel/Jordan MERC project, and publication 62), in which scientific and indigenous knowledge, genetic resources and technological advances are developed, transferred and shared among institutes and farmers of both Israel and Jordan. 
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