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Table 1. Physical and chemical parameters of seawater used in the experiment.

W Lo 89 Sl solas OreSl el slee J5 Sl Syl Sl
pH  Temperature  Salinity Conductivity Joloxe Joloxs Nitrate  Nitrite Phosphate
(°C) (ppY) (mS/cm) DO TDS  @gLlh gL qglh
(mg/L) o
8.32 27.03 38.58 57.98 5.65 29.02 0.150 0.0100  0.144

Salinity (ppt): parts per thousand, DO: dissolved oxygen, T.D.S: total dissolved solids
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Table 2. Components of the Guillard medium (f/2) used in this experiment.

LIS adgl 00S Jgleo Jade el S o Vgo clile
Components Primary stock solution  Quantity  Molar concentration in final medium
PERWRGH Lot

NaNO; 759 L? 1mL 8.82 x10* M
Sland pyds gige

NaH,PO4 59glL? 1mL 3.62x10°M
B pannS polie Jolxo

Micronutrients solution

ool ks -

FeCl;.6H,0 3.15¢g 1.17 x10°M
R PRVE S RCH LoV I JUON [P RN U (URWAP TS

Na;EDTA.2H,0 4.36 g 117 x10°M
e Slilgu

CuS04.5H,0 98 gL? 1mL 3.93x10%M
PERW Sladge

Na;M004.2H,0 6.3 gL? 1mL 2.60 x 108 M
9y Sligu

ZnS04.2H,0 22 gLt 1mL 7.65x 108 M
s w8

CoCl,.6H,0 10 gLt 1mL 420 x 108 M
P wlls

MnCl,.4H,0 180 g L* 1mL 9.10x 10" M
Oeoling Jolome

Vitamin solution

Owels -

Thiamine HCI (Vit. By) 200mg  2.96x107M
Biotin (Vit. B7) 1glL? 1mL 2.05x10°M
oYl gl

Cyanocobalamin (Vit. By) lgL? 1mL 3.69 x 1010 M
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Carotenoid=

Doubling time -v Growth rate -v Optical density -
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Fig. 1. Growth curve of N. salina under different treatments of ABA.
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Fig. 2. Effect of different ABA concentrations on chlorophyll a content in N. salina. In each column, averages
with the same letters are not significantly different at 5% level of probability.
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Fig. 3. Effect of different ABA concentrations on chlorophyll b content in N. salina. In each column, averages
with the same letters are not significantly different at 5% level of probability.
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Fig. 4. Effect of different ABA concentrations on total chlorophyll content in N. salina. In each column,
averages with the same letters are not significantly different at 5% level of probability.
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Fig. 5. Effect of different ABA concentrations on total carotenoid content in N. salina. In each column, averages
with the same letters are not significantly different at 5% level of probability.
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Fig. 7. Effect of different ABA concentrations on total lipid content in N. salina. In each column, averages with
the same letters are not significantly different at 5% level of probability.

shls &8 ol Sl Ggiw ,o 40 N salina S>3, 50 JS s sloie pawnl Sl il glaclale JI -V S

WG a0 0 iz mhaw jo gl cire Dgldl caiiwn S yiie slacd >

15 (399 Sl S Jmmn] (6lgicmo 33 sl S5 amn] Hloud U5

o b annlio j0 Sl 50590 sl SOl (slgizme o GilEl el ABA (slajlos a5 ol (las laaxs
ot & laite il e 2 0,590 FY (nSle b (G9)0 wesl Sppnnl Clale ( id a5 655k 4 oS wals
Sl ke 0,55 YFINP Sl s T30,8 Sl Sagomi] Ol 365 45 53 w3 ABA 2 s 5 s
(A JSK5) 090 vl Jled @

50 .
S i
<
-8 3 :
183 2 ¢
¥ IE 25
3,55 20
38 15
o~ O
35 10
=5 5
O I I I— I
0 20

5
Sl K ] il
ABA concentration (mg/L)

Fig. 8. Effect of different ABA concentrations on endogenous ABA content in N. Salina. In each column,
averages with the same letters are not significantly different at 5% level of probability.

oSl g o 50 Nosalina Sz s, 50 15050 sl Sojn] (glgime p dnsl Sl i slacbale 51 -A S5
Al de 0 0 s s jo (65l S Dol caiins S it slacd > gl oS

oYY


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.3.9.1
https://journal-irshs.ir/article-1-551-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1401.23.3.9.1]

Jelss 5 e S5 & QLS STy 1 oe (58 45 Sl LS 0 sanSlas S ABA (50,50
355595 lyime s imsid SLalSS, (S p cldlsl Wb, o Sy ol egn 0 (1) 3l (aLS sl len
A swin Syse ABA (sey50 it slajles ;o Nosalina Silzs) jo U5 wud Slsioms 5 Sis 005 o JS
5 a5 B 58 Jidg)lS Gliee oty Gl el Sl ABA o 4 ol i Gialesl el slaamets 28,5
B S 055 a3l 5,5b oS o 5 053 S s (slyime 5 JS aS5s)S
STl 2y w35 53 2138 Slge 5 PH 5558 ) SloosisS welais ()5 ST (63 dod ()53 aloz 51 S95UsS Jaloe
61,5556 5l Les 5 595 yles lapy T ceisS sgng 4 (slalaimdle LB SoS Wl oo YU (slo 9251 qulais )5 CBs oiien ige
69, ABA sla )l ils iagi 5o ol I8 56l Slo i, 08, Gliee 5o L lade Slpsd 4 0ites oge
g el 059, VF (gul; 0,90 (b Sdahy o ples 0l b lecen g )55l ol #5 a5 ol les N salina S>3,
5 00,8 so Nosalina S5, 30 ol ply 90 loy ol J5olisS g ol &5 ialidl el ABA fyge,90 )15 00,1
5 S-Lo Gl g Al wly e O co,w 4 ABA a5 Wi ,S 518 (YY) o, Ken s Mousavi glasilas
oo ABA Lo (Jloio 4y sl wde5g S Clucn ) yos jl Jyame ABA a5 il 5l .s,ls D. salina Sl> 5
=S 5 0 pyl5 4S5 WS 5158 (YA) o)) Kan 5 NOble (glaslllas o .ol atils laadets S cile » e 550 wlgs
oS3 s, Gl Gl | lanee bulpd wlsiee Ve Vo g Ve Glaclile b sy 4 Tiols SABA
Ay o Sl BT laes 3T codled (ioli8lof ) STABA a5 ol ouls (asein .asled w2l )8 Euglena gracilis glasb s
s Contreras-Pool i 1355 ;o .aes oo il38l 1, Chlamydomonas reinhardtii >3, 5o goloansSt 55 Josd g
Chlorella S>3, )0 1) JoraSnlis 5 o 5 08, Gl k298 BB jobas ABA (50y90 (F) (1S
g Park aijle Jlaseen wadle loimgh slaidl L ,ol> jiagh sbbaxis a5 ams o il saccharophila
o) e il eel (TAP) ) Sliwdilinl 5 coiS e ;8 ABA > )15 3,05 a5 ws,S 5,155 (FY) o Ken
<95, |, 0l &9, Haematococcus pluvialis S>3, ,0 ABA 545 o5 Chlamydomonas reinhardtii S>3, o
by peilo £95 90 ;0 ABA I Lol ol jualS oS e ST ol il o 4y Jlad al> o 5l @b Jlast g os,S
(Y +) o eanlie 55 Nannochloropsis oceanica ¢ Coscinodiscus granii wule
28 e lS slyme aliEl g S Sl ABA (3aps0 [i0gm 9ml5 el cessty slaanati 4 s b
550D sladdn,ls olien 8 Jdg,lS by slacSile o 00,5 aals aigei b awlis ;o N salina S,
8 J 5o S oo i Fiwgid 23Sy 55 e 3 1) (Shes 6551 45 e srwgtd SalaSS, (n el 5 (n e
Glodes (i oS U5l g o el Y g5 Syl ((SaS Lol sleallaSS, g @ 3,15 Nannochlropsis S5,
5 Jede S malidl el wilgs oo ABA a5 wis,S (5,155 (Y) o)) e g Noble oo oo lis 1) aijle o5 cllsy o
ABA 50,90 3l oolaiwl a5 sls olis 55 (V) o,Ken g Barickman asllas .04 Euglena gracilis glasbSs oS3t
5 s S 5 asis)l5 [ el ihain laaidl cul 0,8 (SjharsS Sy il 3 b 52 Juby)l5 Gl cal
Cel Son ABA (ig oo 45,5 MEP s 3l b Lidg IS o 5 loadsis, 5w a5 LT 5l anT oo ows & "MEP e
WS )0 g Fregtd oo Sl JudglS Glgtoe (IS Jee bt job 4 S 28l 0 g0 58wl lBIL
Osoysp dalllas pl 5l odel Cawody slaazs bl sl o0 idglin rez g (Sdeilie Codled ol sl iolidl
caiS L 4 ABA ge,e0 3958 o108 o 36 N salina Sidsi, jo b Ldg 1S aosss lyee oo ABA
L ABA a5 5o, 3 liS (1Y) oS 5 Park s S U5 Jd IS cotlil Gliee 53 (5 loisinn (ial3él sl Sl
Chlamydomonas S>3, 0 IS Ldg, kS ol gawo,o YA molidl cel pm) jedeo [0 Coond & clale
F99, 5 ol yilBl b g Ldg S o 50 jialS coge willyi co (2LS slacyge 0 (Jloix] 4y 098 oo reinhardtii

Bleaching -¥ 2-C-Methyl-D-erythritol 4-phosphate -Y Tris-acetate-phosphate medium -)

oYY


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.3.9.1
https://journal-irshs.ir/article-1-551-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1401.23.3.9.1]

e S 0397 5 ;uLﬁ) ué,_..o/../ M/&)..w/—)_uz:

0058 e 5 S “uieie s IS Lags s IS 35 1 (5 )lee S ABA o Sl sd ST (ian s
axg BB Ll s 4 N salina o alie lapmsSe (Jloiml a0 .0,ls caigl lalS 1o jlawnsTy b s o JLdg IS
o Sl baoge,smeid b (Sl slaaisl s onl o938l wSloe Gt ABA joa> o b 5@ L3515 o
Jbd sloaisS pl )0 lacwdlig)ls 5l g Qi 1) (Sre )55 a5 diied mpe oAl I slatus o 358 o laaley S
GlogeSTyy OlysSul laeald bl ol ABA a5 55, w0 Jloisl (izmed iS oo Cliilns (ROS) (5]
JW Gladis (plojam ;0 (sote G 0nd asiie a5 358 o0 jlyhudl ek 5b5IS g YU Glgenns slaneS] g
S hST B mhas ial3l b assss S VL (glie )l siiussd olSius (o5 Jstus (ROS) (5]
ABA a5 Ll 5l s ls oo LLS, ABA L oas los N. salina sloazsl ;s ool ol slo 51 Codlad g (oo 351,
loadgiis,l5 5 Judg)lS » (inie il Wl ABA (slajlas 0I5 cul a3giig) 5 Clacium) oo 3l Jyarmo
bl asls

Sl s )15 slesUge (39,5 Sogel L g aiiS oo Jes 558 S pslanz ln (oS laailaSS; plsiea; ool
44295 L.(T0) wyls j5i 5l cladlone ;3 (g (A5 (Cedlg)lS )3 oud JSAT (5nST (o slaJB001,) Sl 9 4l
a5 aes o lis oo, l55 .8l Gl ABA Jlas 85U 5 Sty IS 0sig 5 lone wdel Cawd 4 slvass
oIl g s slp Sae Jale plyieds Wil o mizmen g ST Joo 135935515 0aiiS pelais SO lyieds Sl (Ses ABA
(V)) 548 oolaxul Haematococcus pluvialisy Dunaliella salina slacSl> 5, 1o cud i 4 aSeii,lS 5 oyig 5L
o 1 bages )l 5 eihlin] oy oanlg o ABA LS ud, sanSaebas a5 ol oad 31 couisan
o0, Adlal aS we S 5,155 58 (YY) o, en g Park () aas il =95 LB ,eba; Haematococcus pluvialis
Chlamydomonas S>3, 50 oy Slugise g laaisss, 5 e (lidl cel il laxe ;0 ABA aiy slaclale
5 pd g S e 10 cdale LABA (se,90 a5 w5 S Lo () o) Kan o DU K0 5,155 o 0ed e reinhardtii
ol 550 aslllas K .o Chlorella pyrenoidosa S>3, 0 JS" 98559,5 (slaime o cxe ialidl el 59, VY b
a3l 1 He pluvialis s Sila sl 0T 55008 ol 5 (25 Jood doadess S aezs b ABA 15 0,15 a5 ol
) 035 o Jos 5251001 5 sl il 58 Lablons Jule Sy lyien it b azilol saismis S 5 aas oo
wilge bgiye e bt (oyme po glaaisly o cudls IS ol Jles @ i baassis 5 VL caluc;
odalie slaadess IS YL (i) 3w )15 (SloFean YU )0 0l (A)1F slaarl dn b jol> aghy sloasdly oS
Jus 1, N, salina sloasly 5 cbidlns peuile 23l ABA fse,sn a5 caul ol sains lis yol> adllas o ond
S8 855 ol 33 selsls Ll )5 55555 5 S oS S 31 Sl o 355535 g SIS oo 41 35
99350 (e 5 el 8 39y Tk el aile (SjparsS Sy slaadeus)lS cdale il el ABA )1
Sl wile a5 slap sl colled Gl L 1y asBlS s el s jsbas e ABA ol
s b OV Ghles g Lin s glasdlhae ;5 .() &S melatd peiiis 58 j5bas (PSY) 'l (5908 5 D'y 000
33 09851 g el Slge ol yod ay sl Sl g al Gl L sl S oz il S| S99 S
don 23U py Selz i cnl GaiBl )3 a5955)lS @ead 5 adgs (e a5 w5 3,135 Chlorella vulgaris Sl 5,
e Ll SO0 )15l b pols gy bl a5 <l 2ol 38 ABA - s ouls eoliil slagyge 90

Lao,lalailss 51 syl (25,0 b slocaS 5 (i wdsi glaan Ty jo o8 (gl eogican; VL slocdile adys
by GRl8 ABA jlaes L N. salina ol ) Sis o0gicans wlgs ol iy 5l Jols slaazis Gulul ol
o) g Contreras-Pool 5,155 ply 00,5 cod iz 0095 G ) (39 )38l 4 yomie 0y (ol 381 L ABA (el o S5
Sid 03¢5 ()9 Lol el 0050,5 Chlorella saccharophila >3, o, ol 4 e dul SO jemn (F)

A 06l 0393wy (39 el Gl Wl Gl L lesen Wilgh oo ABA aad o lid ased cpl 45 oS gy el

Phytoene synthase -\

OYd


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.3.9.1
https://journal-irshs.ir/article-1-551-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1401.23.3.9.1]

Y 59,5 aslsl S. quadricauda > 3, o Arumugam 4 Sulochana sla iegs 5l ol Cavsds glaass sl
a2 oo lBl wly YV 59,00 Cudgame byl il o 1) odgicens ) ol S cele A 51wy ABA Yee9,500
(YY)

S ez ol S o] sloyg0,98 45 W30,S (5,155 (Y0) Incharoensakdi ¢ Sivaramakrishnan aalas G o
O pons 4> )81 00,5 o Chlorella sp. S>3, 50 w5 009 ) adgs Jiulidl cel ol ol Joan! 9 ol
Sra S ggued pas odins HLis (plaS al saslice ABA Lo 10 aud 5 0098 Canny adsi jo (Sab S o8 e
Lo 0 ABA 0,5 adlsl as’ wis S 5,155 oL, e g Park o5, asdllae jo .ol s sl 5,155 L ol dalllas
(VA) 355 o5 Chlamydomonas reinhardtii > 5 5 )0 0095 j olime ioli8l el Clél cois

adlhe oplply wims o il 1) and Gl pesd s g aclawl Ll o LS5, (L5 5k A
5l dole glaazs ol sl (35,1 b s Slyiome goz 5 0dgs (Rl jskiie 4 ] adg S laasy] B
ABA a5 ol ouls asine 0S5 o Gili8l ABA JLes LN salina S>3, S awed lgione adgs ol iagh
a4 ABA 0,5 @lol b bS5, 50 and mess ams (il 1) Glasl pends g 0SS S5 |, asl Hhd wilgs oo
ABA ) )5 e SO jled a5 ol ools las camg 50 (mizren (V) Sl oals HIS0T 55 S lae jo Sl
50V 0) 09 oo doyd FF 9 WYY Lolie b cus i & FACHB-31 4 C. vulgaris ZF aygu jo and odes iol3dl cels
(V%) 545 Euglena gracilis glasb s o560 s audgi el Wilgh oo ABA a5 col ouls (5158 S0 (slanilas
Chlorella S>3 5 50 dud Glgioes s adgr 4 yonie yid e ,S Lo Ve cdale LABA (g0,90 0 25155 50
Chlorella vulgarisUMT- S>3, sbead Olpss 5 ABA (>, 0,15 31 gladdllas ;o () wo 5 pyrenoidosa
dplie j0 2550 lays olo g COA - Lw] Gy awl sl 31 slgme (ial38l celh ABA (oYL cdale oS
3 Seeed Silwo S 5l (o0 p o &S g S el (65 2 COA - Jowl 0 p2r al (b 395 A5 0 45 998 0 S
(Fo) oS oo S po0 |y conl b S 5,5

2 03052 Ol Slyme g 03ged Simlon |) (5 4 Gy Bz (i) GLOASS 45 Sl (5058 el S ]
Lol 0wyl g oy slagias Ll o ply JUS! Jele (9092 (nl @8ly 0 lion jt S 4 25 @ By
503500 Sl S rbans o e sl Gal38l el ABA (150550 (sl30095m 05yl (talejl sladiily 4 azgs
v 5,98 L3l glasdlas o (YY) Arumugam 4 Sulochana .o, salis jles b awslis jo N salina S>3, o
Ol 9y dgmeS Celu YT £4,5 s 40 S. quadricauda jow > jo sals jlews ply e U1, 1509,0 ABA
Draparnaldia 4 Dunaliella parva slaSid>5, jo 1) 095 zhaw 159,80 ABA a5 cwl oals (5,155 ¢ cpizman .250,5
(YV) o)ed 5 LU (F) sas o (iuljdl S oo oy PH iolidl 5 yeh 25 Lyl 0 byl a5 le; mutabilis
Bl 59 5 09005 jo N. 0oCEANICA S>3, ;0 ABA Colucans ) 6 yns (cmn 999, Saomo muldld 45 Wdges (135
oli8l D.osalina Sl 50, 50 15055,0 ABA a0 00 Colu o(5y0d (iid jo aS al eols ylid glasllas jo .ol ooldl
S U"‘ » uo)S .o)lo aalsl GA.S‘SA oolazl uwdéw)b (5’9) t.;l'QM )‘ as G ypnn yO ABA J.&m.s 9 n.\Jl.I‘SA
O2) s 0 7y s l35 585 oSS, eas slaaisS o LI ABA cslu g, opl aS

S A
0SB L o LS cetS Lo o Nosalina Sl ;9 ABA oo )5 5,5 136 )0 4 ol anlllas o

WSy JS e 5 (5950 Sl Syl (SB35 ) 55,5 1 L3 1S £l (slgtma iy liee 5 ABA I
Sl i oS e Yo s 5 030 lS 3 anlllas 590 sl Sis ples 5 ABA Jlass aS ol i laaomts

33959)5 polhe (s ) Sl ol )0 JS S 9 (S50 ABA (L3157 lgtime o) 25 Gyl ceely ol
o ol Al 4 azgr bl csslin wall g 2 5 p )T L /D slajles jo iy 4 S 00l g

oYs


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.3.9.1
https://journal-irshs.ir/article-1-551-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1401.23.3.9.1]

e S 0397 5 ‘ula-j) uL._..o}./ M/&)uw/—)_uz:

ABA sy p)S e + /0 Clale Bl 08959 g s adg SUlz ;4365 (pl il 5l Bae ST a5 00,5 e sty
2 pS ek Vo zdale sl eolaiwl wsl S o] adgy ol Bas a5 Jge jo Ll il aily 5590 o5 Wilgs oo
FBon g dd CBLl 3 ABA (A8 0d 5 5,0 sl st slagtegn (Jl a4 09 walys Sl ABA 2
Sosslly plo a5 50,5 oo oloiiy «g) cnl 5 el 5l Sl gy 55 (nl )0 JgpedS el 5 0509 4 0z ool

2y )8 anlllas 5550 Sl ) (ol (g0l ; lral> o [0 ;0 ABA (gl e (rizren 5 (eSS

S il
Sl 5y 65kd drwgs 5 0 olRaulo)l pyime Sy e eizmad g s (S59L8 5 ple Oly 35 e e Sy s
Jodee 1) p3¥ locaslus 5 5, Sen 059 (nl plxil )0 a5 jpdgr )6 md3 (5 )5l8 g ple S,b 4wty o)l =5

30,8 oo 6,55l g S5 ;08 cslanils

References &b

-

1. Barickman, T.C., D.A. Kopsell, and C.E. Sams. 2014. Abscisic acid increases carotenoid and chlorophyll
concentrations in leaves and fruit of two tomato genotypes. Hort. Sci. 139(3):261-66

2. Bligh, E.G and W.J. Dyer. 1959. A rapid method of total lipid extraction and purification. Can. J. Biochem.
Physiol. 37(8):911-7

3. Contreras-Pool, P.Y., S. Peraza-Echeverria, A.F. Ku-Gonzélez, and V.A. Herrera-Valencia. 2016. The
phytohormone abscisic acid increases triacylglycerol content in the green microalga chlorella saccharophila
(Chlorophyta). Algae. 31(3):267—76

4. Do, T.CV., D.T. Tran, T.G. Le, and Q.T. Nguyen. 2020. Characterization of endogenous auxins and
gibberellins produced by Chlorella sorokiniana THO1 under phototrophic and mixtrophic cultivation modes
toward applications in microalgal biorefinery and crop research. J. Chem. 2020: 1-11

5. Du, H., F. Ahmed, B. Lin, Z. Li, and Y. Huang. 2017. The effects of plant growth regulators on cell growth,
protein, carotenoid, PUFAs and lipid production of chlorella pyrenoidosa ZF strain. Energies. 10(11): 1-23

6. Fawley, K.P. and M.W. Fawley. 2007. Observations on the Diversity and Ecology of Freshwater
Nannochloropsis (Eustigmatophyceae), with Descriptions of New Taxa. Protist. 158(3):325-36

7. Forjan, E., I. Garbayo, C. Casal, and C. Vilchez. 2007. Enhancement of carotenoid production in
Nannochloropsis by phosphate and sulphur limitation. Communicating Current Research and Educational
Topics and Trends in Applied Microbiology. Microbiology Book Series. Formatex Publisher. 1:356-64

8. Gill, S.S., S. Willette, B. Dungan, J.M. Jarvis, and T. Schaub. 2018. Suboptimal Temperature Acclimation
Affects Kennedy Pathway Gene Expression, Lipidome and Metabolite Profile of Nannochloropsis salina
during PUFA Enriched TAG Synthesis. Mar. Drugs. 16(11):1-21

9. Guillard, R. 1975. Culture of phytoplankton for feeding marine invertebrates. Cult. Mar. Invertebr. Anim.
Plenum Press, New York. 29-60

10. Han, X., H. Zeng, P. Bartocci, F. Fantozzi, and Y. Yan. 2018. Phytohormones and Effects on Growth
and Metabolites of Microalgae: A Review. Fermentation. 4(2):25

11. Kobayashi, M., Y. Todoroki, N. Hirai, Y. Kurimura, H. Ohigashi, and Y. Tsuji. 1998. Biological
activities of abscisic acid analogs in the morphological change of the green alga Haematococcus pluvialis. J.
Ferment. Bioeng. 85(5):529-31.

12. Li-beisson, Y.N.Y. 2016. Lipids in Plant and Algae Development. Subcellular Biochemistry, 86.
Springer. 86:179-205.
13. Lichtenthaler, H.K. 1988. In Vivo Chlorophyll Fluorescence as a Tool for Stress Detection in Plants. In

Applications of Chlorophyll Fluorescence in Photosynthesis Research, Stress Physiology. Hydrobiology and
Remote Sensing. 129-42.

14, Lv, H., Q.E. Wang, S. Wang, B. Qi, J. He, and S. Jia. 2019. Enhancing biomass production of
Dunaliella salina via optimized combinational application of phytohormones. Aquaculture, 503:146-55
15. Miihlroth, A., K. Li, G. Rakke, P. Winge, and Y. Olsen. 2013. Pathways of lipid metabolism in marine

algae, co-expression network, bottlenecks and candidate genes for enhanced production of EPA and DHA in
species of chromista. Mar. Drugs. 11(11):4662-97

16. Noble, A., A. Kisiala, A. Galer, D. Clysdale, and RJN. Emery. 2014. Euglena gracilis
(Euglenophyceae) produces abscisic acid and cytokinins and responds to their exogenous application singly
and in combination with other growth regulators. Eur. J. Phycol. 49(2):244-54

17. Norlina, R., M.N. Norashikin, SH. Loh, A. Aziz, and TS. Cha. 2020. Exogenous Abscisic Acid
Supplementation at Early Stationary Growth Phase Triggers Changes in the Regulation of Fatty Acid
Biosynthesis in Chlorella vulgaris UMT-M1. Appl. Biochem. Biotechnol. 191(4):1653-69

oYy


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.3.9.1
https://journal-irshs.ir/article-1-551-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1401.23.3.9.1]

18. Park, W.K., G. Yoo, M. Moon, C.W. Kim, Y.E. Choi, and JW. Yang. 2013. Phytohormone
supplementation significantly increases growth of chlamydomonas reinhardtii cultivated for biodiesel
production. Appl. Biochem. Biotechnol. 171(5):1128-42

19. Romanenko, E.A., I.V. Kosakovskaya, and P.A. Romanenko. 2015. Phytohormones of microalgae:
Biological role and involvement in the regulation of physiological processes Pt I. Auxins, Abscisic acid,
Ethylene. Int. J. Algae. 17(3):275-89

20. Sivaramakrishnan, R. and A. Incharoensakdi. 2020. Plant hormone induced enrichment of Chlorella sp.
omega-3 fatty acids. Biotechnol. Biofuels. 13(1):1-14

21. Stewart, C.R. and G. Voetberg. 1985. Relationship between Stress-Induced ABA and Proline
Accumulations and ABA-Induced Proline Accumulation in Excised Barley Leaves. Plant Physiol. 79(1):24—
27

22. Sulochana, S.B. and M. Arumugam. 2016. Influence of abscisic acid on growth, biomass and lipid
yield of Scenedesmus quadricauda under nitrogen starved condition. Bioresour. Technol. 213:198-203

23. Willette, S., S.S. Gill, B. Dungan, T.M. Schaub, and J.M. Jarvis. 2018. Alterations in lipidome and
metabolome profiles of Nannochloropsis salina in response to reduced culture temperature during sinusoidal
temperature and light. Algal Res. 32:79-92

24, Yang, X., Y.N. Yang, L.J. Xue, M.J. Zou, and J.Y. Liu. 2011. Rice ABI5-likel regulates abscisic acid
and auxin responses by affecting the expression of ABRE-containing genes. Plant Physiol. 156(3):1397—
1409

25. Young, A.J. 1991. The photoprotective role of carotenoids in higher plants. Physiol. Plant. 83(4):702-8

OYA


https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.3.9.1
https://journal-irshs.ir/article-1-551-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1401.23.3.9.1]

Iranian Journal of Horticultural Science and Technology 23 (3): 523-538 (2022)
Research article

The Effect of Abscisic Acid on the Growth Rate, Dry Biomass, Total Lipid
and Photosynthetic Pigments of Nannochloropsis salina Microalgae in
Guillard (F/2) Medium

M. Ghasemi, L. Fahmideh®, S. Ganjali, M. Keykhasaber and M. Modarresi'

Nannochloropsis salina is a promising species for lipid production, which is used in
aquaculture and biofuel production. On the other hand, plant phytohormones also have
different effects on the metabolism of protozoan algae. Therefore, an experiment was
conducted with the aim of investigating the effect of abscisic acid (ABA) concentrations on
growth and doubling time, chlorophyll, carotenoid, dry biomass, endogenous ABA and total
lipid of N. salina microalgae in Gaillard (f/2) medium. The experimental treatments included
0 (control), 0.5, 10 and 20 mg L* ABA concentrations. This experiment was conducted in a
completely randomized design (CRD) with three replications during 2019-2020. The analysis
of variance showed that ABA treatment was significant on all studied characteristics at the
5% level. The treatment of 20 mg L? ABA increased the growth rate, chlorophyll,
endogenous ABA and total lipid in N.salina microalgae. The highest carotenoids and dry
biomass were observed in 0.5 mg L™ and control treatments, respectively. The findings of
this study show that the concentration of 0.5 mg L™* ABA is effective on lipid and carotenoid
production of microalgae, but to increase total lipid production, the concentration of mg L
ABA is more suitable.

Keywords: Biofuel, Carotenoids, Fatty acid, Plant growth regulator.
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