QA=Y Lo/ VYR Gyl 3/ VT 05lows /7Y Mo/ (55)9LiS (ygumn] 5451500 o Wrdilolur ol
https://www.amsr.areeo.ac.ir

AERI

g3 dlio
i Gd g guns| S>> 33 9 8 3o 33 pH g bod dcuidS’ bauzmo il
SO905 391 5o 9id 49

LTV ETRTWE R RVICREWE PRV PNV 2 PR TR W JEVWE SV E

65,918 00—l g Sl 09,5 Jbsliul 5465l geillSe 09,5 Jlsbil 15,50 (9tild e A Y g V)
Ol (ST ST axly oMl Sl5T olasls

Oln!l eod (o8 ((Siige ded) GLSin 8 olKils ((s5al5mg e 09,5 JLokiwl -F

QUMD oy )b ANV 22l o 6

oS>

AZB3 . iV Uy ol Sl 52y 3y 53 oo Ly oy Gl broo £95 9 PH bod 15U (o) 2 @ (300 (o
w3 1yl dy (63908 y0STjonigid 5 4l ST ds Ly (0ol YolS b e )3 S y5i518 5 51 00l b (guliz o !
9 Y0 :mhw 93 ;3 Lod 093 J—ole BBM g (35 (pdly S basme tpmbamiw dmw )0 Sl ) G bt (s Jol Jsle
o S 00 e 555 Al Gl 392 Ve £ /0 g A2+ /0 iilaw 95 3 dymwl Gl5s0 P Jols 5 (gamdew 2 j3 Ve
i ygmo A ddged TN 52 (615 30 )3 10 (2,5 T8> (yf50 DWST Lo 192 ooy 32 )b 1 (20192 g Celw VE (290
98 Jd9 IS (350 (22 3043 0395 Cmmm j Il 05T (o 1ol (310l L el by s S Jlooe! sy
98 JB9,lS i chd 9o )3 395§ 150 (I o515 Ly a4 B> (LS L oy 12 gL sl 1903, 18
- e Ggld 3 (LSO GLaled 9 PH e 9 a3 ) o (3 BBM g 0 o0l et lanbarsmo (s )3 543,5
2593, olie @ Jdg IS Gl (o 05155 (3l50 (2 i 315 (Ll Lodld (Kl dnn o sl 2315 3929 (5,10
M2T2P2 jlos s bgms o &3l 3o ot ymicS 5 (PH=A£ /0 50 (glowd Ly (ydly cemslS dapo) MITIPL [l dmy b o
M3TIPL Las 13 3l imso o yimding 0395 Commns j (29—t 3 el (PH= Vo 24/0 5 ¥+ sLod Ly BBM cisS law)
Wyl Bdisin daglpmd a3 313 Gl ymiSle Guniind o] Cerd dy (PHZAE /0 9 YO glood Ly ()3 ymtr CaillS Jrmo)
ol PHE AL+ /0 1 (ogmads 4213 Y0 (5lod b (g €S baums (puarasiiWy Udg pmpns! 395 (512 0 (2 i icomslio

SolS sl iy

Sl 50 cd g )5 (g IS 039 Cannn 5

doddo
N Sz ) el glaasss coas L)y ool o Gl cemrge Syl Cmen Sl Gl

Sy Sl a8 el gomaxr (SisdsSTslache, 5l e sl g oot (Sl sl 5 65l e 4 5l
doa oSS, o Sle wiedg—w gleon S ol oS5 mlidl ol gumas ey Olblse K0

Bz oz gla—l oy Lagtisy s Lo Sogla g s slaJlls glajls )Lzl

L__bu.*.oLuj 9 lﬁl)ﬁ*jj):——ﬂh" ‘lma_.,qublf ‘&L.__.w‘f.c Gl i Blo o‘;.o,b - ‘) W LS Lgl.%u)’l.«ob

http://doi: 10.22092/erams.2020.343130.1358 Email: a-mohamady@iau-arak.ac.ir s 005,55 *

Agricultural Mechanization & Systems Research
21(76), 2021

a4


http://doi/
https://dx.doi.org/10.22092/erams.2020.343130.1358
mailto:a-mohamady@iau-arak.ac.ir

Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

o= s— Ldg ol (Puyfoulhoux et al., 2001)
o 55 5o 05 Lo V1 BI2 (g e
535l Jle (g5 BI2 sl g o odle
oW E §B6 B2 BLA ol L paliys
.(Belay, 1997)
S el S S0 V=0 (g5l L]
Sl aile (5,9,—5 oz Sl jl b e
GLA) S_tsrd LalS glaveul 5 (LA) S_tlsi]
2001) ol o0 LSt
ANCTRSE LY gy M 5 WL { CEY LN o eu—")
Ao o JuSis (g LS | ()] Sis (59 9o
Sl g o oolo ol Joae 5l iy Ve aS
.(Belay, 1997)

(Otles & Pire,

i b IaSS ) 5l 24,8 o _Sei S

odge p laslass, LSid 0 dS id ,m odle aS

o> aisls

93135 Ll (sl 5 SlaeeS| 5T g
raIoSs, 5 a5 ,I5 (Lee, 2008) el oo
LacSds 5 lals ;5 a8 axn ok gt b

Del Campo et al, )a s juwgd o g
Gilmwgylo 5 (S—bp aliwo jo laa 3455 .(2007

S ;ae 3 8 L5 0,5 S5, 5l g aslo o p)LS
aled , s oegdl e ols o ol (Saleh et al., 2011)
O Jso)

G5 S A glm 3 Slitaos .l ad colaiul
Gl 008 3155 oDl ai i o LacSl>
.Pulz & Gross, 2004; Sajilata et al., 2008)
Jbdim; OS5 o= s cde an LasSilda 3
o amy wiengl )b slalid g5z 0, b axe
.(Lubzens et al., 2003) s o
e Oly—ie an LacSl ) Sl ealii il o5,
(g g o] Sl s esli sl s s i
2595 4= 39y ;8 S S g S0 S g 0]y
(Assaf Sukenik, 1989) ¢l oy WS JL>
PUL Ll as Ldgls oo sls Jods 4 el
T olgo GEAIS I (et IS g0 Frimgid 4
oedsl Olse 4 5wl Jlad o Glakae o
oo (=l GlapianssST jo N8 8,y il
51— 'Ldg el (Barbosa,

olilw o 3l aS cwla Sl 5, o 5 Sud g

2003) iy

5 Oty 89y S i pn o o Sl cdluge
003,85 el ls 8 gl Jmoly g Craicn
Lo 55 .S 5 (Gouveia et al., 2006) ol

20 Bao g oyl 03950 (5

SIS
O Dlya2g,S a0 Ve (g Sy Ve -F
Ao, 3f -V g gassdlsod vV mzanp
E9n 29 e 9 oS (=7 Ol b IS

(Anon, 2013) 55,5 Cgusne
5)_i;.o ‘5>L.\_C OQLA)_Q:)‘).._MM.:)_")J V'Y UT

Sl jolie ;550 5 el (os jin 5l (S uisren

1- Spirulina Platensis

Agricultural Mechanization & Systems Research

21(76), 2021

\00



o) g sz

""S“.‘l?)".’-)’)ﬁﬁ-‘)-!pHgloa"‘ 55 Loy ,y‘l.?

Sl 55 iy BB Jolpo —Y Jgua

Table 1- Different stages of microalgae growth

Olxpd gl (39) " m i o oy Al yo
Explain Time(day) growing steps
3935 et 355 B Jshos ial3l gz Lyl b 0 S5l sl 3 S 55k
Due to adaptation to new conditions, cell proliferation occurs slowly Adaptation
ilise 257y & 2SS )0 ar g BB plaz s e L )55l 5l o o 1) s
" . R . g R R 7 [CaanP) )
After adapting to the new environment, there is a significant mutation in Loaarithmic arowth
reproduction g g
Rl e p g Wl oo BT sk il cg0a Slge (ame Ll )l ol Sgua b
. " . . s Decreasing growth
As environmental conditions and nutrients are restricted, cell division slope
decreases and density increases at a slower rate than in the previous stage
Soboe b Jshes a1y 5 5 pe olime ilo ool Lok Slass Lo ,i5 el o ol 5o
el
At this stage, the number of cells is almost constant. The rate of cell death 5 o M_)
is equal to the rate of cell proliferation Fix growing
Lo ks w515 5 oo sn s 21 LaJshs sk Slgo 5 ST S 2alS e
Due to the decrease in water and nutrient quality, cells begin to die rapidly Death

and cell density is greatly reduced

Sl lojcne Wl o dbduwl g yo8 Gl dod (il s cdale i dile ol yielyl g Cal (gixe dlge jlade 5 s3s0 Do g5 lazme byl AU a3l S lojese®

Ay |y calises

The duration of each phase depends on the environmental conditions and the type and amount of nutrients. Parameters such as nitrate
concentration, temperature and light intensity and acidity can change the duration of different phases.

2= 58 0, Shae (gilware jo (alide Jolse
Ol Wliee Ladl 00,5 cle; 4 s S5
s el Jalge ol sl ails gl b ol
A.A_.«S‘Lsé 9 pH “_JT ‘_}un))_f S m Lo

(Masoumi & Yavari, 2007) aiws Jglxe 0,5

Loy g91g0
4#‘9‘ . .'.s
3= e ool a s Lid gyl Sl o]

Dl 3 6 S gl slals, b o 4 'BBM

Sl p3¥ olge AdS a0 ool S oa s il

s pom Ao e il 6l by o e

o=l oy ccl TessalS cacws L al, Al e yles
Sl ol BlLS slaslay SCd>g ) o al> 0
GalS Sl i) Sl b g Bl (ST, Gl
G, ol a5 el w3 asSS ) ;8 el anils
PN NP SN ES T TS DU (VU T S ES
(Los o594 5 (s Sy lime )95 890 9 ub)
Lyl ol ol (S ciaS B, b g uizen
S LaS e a) sl Loyl )l oo St
—2lize sl g, .(Lavens & Sorgeloos, 1996)
O oo rSmtes 5 a8 o)l 052y Sy yo s sl
55 6, T g gsnd 5l onli ol ay )l s

1- Phase of Declining Growth Rate
3- Bold's Busal Medium

2- Photobioreactor

Agricultural Mechanization & Systems Research
21(76), 2021



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

bl Lol g el Silagi] aas S gt

23,5 g0 JyS Slegil & g0 4 Jane
A lBlas L e ¥l 9 uSTy50008 ]
Ol adoz 1 La 2ol )by plod 48 el ool JSCis
2ole—2 e g 23,55 Do ¢ jed Dol Lo
L ogm aales 8 0B lalase 5l S o jo
S 2 )0 5STismgid (09 (Sl 4 gl
A4S oud oolaiwl glaind &gl aw jl bl
ool ol Ll 5l laaSges 51 S o |1, ST ylg—e
B iulejl jo Laialejl .oy S oS lso 5 (—ateie
Ll STl ol o151 o iils S>3 ) c—anasss

'S e S b Yy ame oS s e d S
Ol o 1o lidg ol S>3 00,5 solin il
Ol s 00 gl 4> 3 YO LYY
oals 1,8 WSe I Ve v Sald L Cuw sl slacwY
oy 3l 2ols—n I, (Peck et al, 2008) o
B 3l oy s o0l l QA8 Y1y ST Jas mgy ST
PV oS S Sl 5l e V0t )
posll globy oo 5l S 2y 2 s
J S e e a0 5 B 5 S 50st8
Sl g Sl (o A ST hgmgts slalaie
Sz, 5l i disee b e Lo il el o0 o
©3g—s ;oST)gmgid 4 o8 italejl ;0 00 o aS
o azry b SLidad 59510958 55 cnl st AL
25— g ad wiSlw 5 (2 lb —dod g9

B i lol 33 3liiw! (gl ouwd did s (G390 ;9551 yguigid —Y U
Fig. 1- Vertical photobioreactor made to be used in the experiments

g Holai Yl S 7 b CJB o | 165 (rgla
Oyg—o dam ¥ Joaz )0 by ye ol 5 Lo 5518

Lol 00 o\))jT J.alf

S lalae slass Cudgie dn Aol Lo
Al Jlos ailflas dls e a0 Godod (due YY)
gloles slawasya sy L olswl g)lal 70 b

1- Merck

2- AQUA

Agricultural Mechanization & Systems Research
21(76), 2021



o, 5ed g oo e Sals 39, 83,5008 59 PH g bod (S bayse LG
B0 S puiio g (Jawe Jolge Olasude Y Jgaa
Table 2- Specifications of environmental factors and research variables
5 1 :
3 3% 35 e 3 o %
ie 5‘5 38 P 38 3 35 2 & o
= = T E a = < } I 3 = Ky - 5
2 Z 3 E: a3 .8 3 e vye o g b=
s 2 XE 0 4g g E x § %
’ | hE SR S 3 3 g
Z 2
T1 25 P1  8%0.5
1 M Walne  NaNo 15 14 5000 15 3
' ’ T, 30 P, 1005
T 25 P
2 M: BBM  NaNos 15 L L 805 4 5000 15 3
T2 30 P2 10+0.5
3 M, Jourdan  KNo 15 T2 P 805 0 g0 15 3
2 : T, 30 P, 1005

(Choonawala, 2007) o.is eolaiwl \ dlal,

SGR= Ln (mta/mty)/tz-t;; >t

M)

ol e as
Jebw oslas=mtz c oo Lej ,0 Jolow dlass =mty
59 > p oley =ty it e 5o
8 Js9,15 5 ssigis15 (g eI

2 5l@ J=85,05 9 039S e j5laie a4y
9 b1y diged (oo O Syl (lie 4 dSges
e O (s O Lo aigad 4 (5,55 (1alS gl
Slo 325 g pe Sy olliws L ol 5l sy ol adlsl
o Blo dcls as uld e asged 9, < /FO
Vo gaools ), 8 ol eyl adg) jo aSgas solo>
sl Lo adgl 5l S o a4y /3 gl (oo
32 ok L L it il 5l oy La o) 0 5
Celw ¥ o as S 5 S0 MlS e
oo lesla —wl Lo Ls aSgad ai (5,l05S
Sde dy ainBs po je Vee e ey L St il
3l eolawl L QT 3 o 00,8 Geud il 880 Ve
UVNVis 2100 PC Jo—o jregidenSe—wl oS —wo

Jsb L 6595 b 9 5l ool Ly Jdg )15 ()l

A=) Gil33l L PH e aSGl 4 a2 L

g b e Bl Sl coly g Sy,
S )l baome ay 00D 0 lg (S ST
aly SO s ol il aS 00 T w09l 0
R PNC TR SR { & PP IRV RO

.]a_._‘z.o

pol ool S5 ee sl oS>y,
40,5 s o5l glacss

Ole g 0, 8o (bl o ciS Loy e g9
E am a>g Los olbsal ol calu slease
oS by e o a8, LS asols e g nloSy
Sglite oS by se il 50 (e ¢ 25
o by i fan anie (0SS g (nden S92
Ll BBM 4 g S laoxs
Ay g (o y 9 (5,10 g
S hgmetd a Sl I

g Cdlo a_slola_Slig, &ygo a1 (5,10 pa_Sged

5l 5l o
Sl el 035, 10 0,59 S o 5 sle el
D ()5 9
Sk G5le

9y 9 b9 oY 5l (Jobo B)le b sl
S osliiwl alyg; Holo 4y e S¥ (solei—iny
(Lavens & Sorgeloos, 1996)

1- Growth Rate (SGR)

Agricultural Mechanization & Systems Research
21(76), 2021

yo¥



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

7w y= (7 9 S0 09 - ™
Byb (g ] Wges (39X V-

ool U7

Ol 5l oace] Cws a4 slaosls ¢ ragis cpl 4o
W38 Gl @ Jd39) 15 Gl (I 051,
3 s S Ol 5 G0y B (liee
dmlre (2o ol &)50 ay Golas sl )|SS
Sile 5 50 so ol s 4 sLomosls g ledlbl 4
At log—ed Sjg—o 4y Siosi @l 9 9,ls EXcel
a9 SPSS21 a sl yo bt (5 lel Jdos o
Loosls dglin (sl (ool fy 5T a5t (5,5
Slr— 99000 go00) b o mhw o
Loosls oo dmylie 5l Lo jlons Jolite 151 (o)
(Zar, 1984) o oslazwl ,Sils yg03] 5!

o g b
Jobw 05155 &l 5m0 9 (Jokw 0l

5 Oy (oo i Glalae o (Jobo o) dnlie 5o
sdel Cews 4 s PH 5 Lo il slo,les L BBM
Oled a5 oy adgl 518 ciS lass a0 a5 olo lis
Sudls dolol joki g pgas 59, L B Celis 5L 5
58 50 s edliv calize slajled jo Lol wglas
Olg S Lanzo & bgpe ) ook (VL (oo,
Sl BBM S laomo 4 bgsyo ()] (e85 097 5
Ol b oz 5 lly oS agmme g0 50 58 ol (Y JSCH)
w225k 595 0kl U BBM cuiS oo 50 5 05 )
B pgw 5 50,2 5 g S aore o onl aslls anlsl
alS 5B o)l T 5 s ousS” Jobo a3, 55, obb
3 397ge LS 5l AU wlgioe Dol (nl 0gb o0
sdel Cows 4 Azl il daae bl i g ciS e

S SeS e VO o SEY SFO ST sl azse

£ T Je—b Lo 6,9 ~.L,)'l ool
(Deres, 1998) wi  siwcil

L

(SCes (y59) 08¢5 S O30

Ao e e Sl e VY slosasises
W 5l oy 9 Sy Yl 9 Slo py alyg) Hobo
slod o el w VP Gas a o hie Ol L i
Ryckebosch ) aio_i ool )1, 8 wgwdis a0 V40
Y dga> ;0 o ws o0l l—e (6t al., 2012
sl sl 15T, LS Ao Ly a5 59 0oy
Gges il 5laey g o8 g oY L oad (50505l
el s o

2=SThemsid J2bs slalaze ;o laaigel oo
Szl A e 10 le aS 0g 0 (glojlasl 4y
L po,lsST JBls o laasges g, ol 5l e, S ool ol
> )0 555 Themed L aline bl plod Jloosl
g SBlay Slolee V0 59, (Lol jo 5 0y ] O
A ged b 3l o, SV _dlal o, S i
S el L ol )l an oo SLis 0dgican ;
4.1_»....59.“: oo l_’ uy‘)‘«.\_‘.u.] C‘).’?b—»)‘}\.\_)\))f
IS 20l JLoo by, (o SOXtec2050 Jo
f. 13525 e dyr el

)| ea

e 2l

zhmwlas el aado V0 Pl Sl g aiads
! S iy 5 s b e boaiges olas
Jolame Pl acs 3l e o0 zlpenl gl o 5
S slwed Lo gl ol o5 ol =t sl
o=l g0 aS o0, S sola wl YU el 4oy g Dglain
Gl oo T oola il 51 J—slgo 3l G
it Lot el el a o oSl bl Gis
5 55 g S /F
ooy i o —yz ol3e €T al., 2009)

(Converti . AR

Agricultural Mechanization & Systems Research
21(76), 2021

\of



o) g sz

9 ple Gl cde @ Sz, s liee GRI
el bS5y e 9 Spe Gl ploslw 5 JS2s
oz opl )0 Selz, Sl loj o yie B ogdise
e jo 05l i8S i o w00l 55, LU leeis
23,5 o0 dmogi @233k 55, (L yo cllsy BBM cuis
Salze Glajles o (Jsbo o515 Gl oy Gl

(Y JSS) ol eolaiwl p20 5L 55, (sboesls

...g_i,l?}e_);)g[&ﬁpHsbb‘.. 58 L }..*5“5

(Sharma et al., .l Ken g Lol Guas gloasdl L
Sl (49,8 e SLaS 5 s oS 8y Jlgseen 2014)
aile Slo 8,355 g5 5 asme Lyl i 51 3G,
boasloioe Lo g aonml «5)9d Glime ¢pind ()39 50
95 2 5o oy Gels 5l e ez g 5l el 4 az g
Olme RIBl ool ) ews S gyt ctS e

Wlis) Wy Olie 4 Cond allis) 65l slaaja

a
b
60 - d g c
e € e
o o 90
=S
L 40 f fof
g
.‘i é mT1P1
3 g 30 = T1P2
w3 a0 " T2PL
10 1 mT2P2
0
ol BBM R
S5 Ly
Medium

Alise (5 lowd' (Jolw @515 Y JSS
Fig. 2- Cell density of different treatments
Al o e Dgls de p0 O Jlais | e o LSS By sl ls slaygiw
In each column, the figures with common letters have no statistically significant difference at the level of 5%.

7 -
. —+— MITIPL
—=— MITLP2
o 25 s MLT2PL
%2
_l § 4 - —»— M1T2P2
03, —*— M2T1P1
*®
& 8 —e— M2T1P2
o 22
—+— M2T2P2
11 — M2T2P1
0 M3T1P1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
—+— M3T1P2
29 —=— M3T2PL
day

395 Y0 (b liseo gl )low (Jokw oui, -Y IS
Fig. 3- Cell growth of different treatments during 15 days

Agricultural Mechanization & Systems Research
21(76), 2021



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

2 ol (Sly jo s Les a5 el g0
,(Jaryan et al, 2019) L Se2 4 L,
SN Y U BRI S CH I 28
AS 0589l s 4n gaandis a0 Y I Lidg ]
PS8 Slsay Sl Sy Sas i il 4 Ly
w51 Ol = PH Glie g Los oS ap o g9
318 s o—ine 3l Lidg pr ool Sy Sl
(Rafiei et al., 2012) | )LSon 5 28, (Y Jgoz)
Sargassum Sl o0l gl |y Les oy pige 3

Alos )57 eMel ywgadis a5 YO dboveanum

a2 o Gl sdel Cews 4 il ly LT b

lalos 5 Ll pH oS clalaoe s o 45
Sl mme BB an )0 SO mhaw )5 00 ysS
Ails ol 1,5 e s (5 S ,Lis
Sy Ol Giali8l el (359 Gl Sl
Sy —
o=l eiS slalaowe baies J Sl olie )y
Al 8oy RS g Sl S (oo w4l
Olse 4 31> il e Sily (Sl e S o
=l Ol 5 OFeST g L 05 s allSL

«(Grobbelaar, 2004) o555 o0 X

B ylow il ly @505 =Y Jgu
Table 3- Analysis of variance of treatments

5 =4 B - 3
2 ie 13 28 jé Tg  ¥gh S8
+83 ¥z 3 S 28 12 758 13
: S 2 = = o i
S < 5 2 ° v 3 9 Q& 3 7
0 |
785603** 809423** 1237371%* 148608** 11%* 21 el Jo
Corrected Model
s | =
287867777*  1112222491** 216690499+ 63840099**  30566** 1 bty
Intercept
S
2230577** 264333** 6770833** 219224** 66** 2 T
Medium
23811"s 40833 15833"* 3108"s 3ns 2 ? |f[5:
repetition
1562499% 3062492** 722500** 889877** 46** 1 pH
2969787* 466944** 902499** 431211** 38** 1 e
Temperature
H s Lo bl il
6400** 6944* 266944** 16899** 8* 1 PH 5 Loo e 5
Temp*pH
Les 5 atS lasms lize jil
334211%** 57777* 225833%** 8002* 0.005* 2 °9”““S_ e Jle S
Medium*Temp
S e oo Jlize il
92700* 21111%* 36944* 2008* 0.005* 2 pH ,
Temp*Med*pH
5 coiS lase lize S
155733* 729999* 47500* 64619* 1* 2 pH
Medium*pH
14 Error Ua>
36 SUM  goozxe
35 Corrected Total

& NS

R TN R Uiy I W PSP KPS PRSOV- JC IV

ns, * and **: non significant and significant at the level of one and five percent, respectively

Agricultural Mechanization & Systems Research
21(76), 2021

Vo5



o) g sz

Sladss & o Ly aous o ol .o Wl M2P2T2
& Bold, 1965) o Jg g Y4 S
el VIF 1) S>3, 0y sl PH por—nl 45
Ay Sl ol (V) JS8) cnl S0 00 S
3 lgme iy )0 0095 Gy polde Ly Jolu iS55
33 Logass  Joluw Ol .l 00 osnline

(Nicolas

Coyd il @y (s ST (o)L 0l Al
Sl 5 So g AR ol Iy 0095 Cmnny (yos il
S35 Slysen Jglw ST, 5 9 Si5 (455 (e

.Jime'nez et al., 2003) ol aslas

""S“."‘?}:’.)a)ﬂﬁ-‘){pHgba“‘ 55 Loy ,y‘l.?

Ol 5o 0l o PH g Les a Sl asy a g5 Ly

i o 5 a8 8L sl oty 5 o llad
) e il i s 5y A Sy
Olis ool s an gl od (g 5 b el b
shls s L jlas ol Jolite sloyilas oo
eSOl A lie gl o o e OS]
WS Lo Lo ;ST sy 10 a2 o Lt Lo jlos
(m—izead (F Jga ) o)l 09> (5)lo oine
e am by e Jobmw o515 Ol o e
e a by e Gli e (S s MIPITI

2 2990 S yiie (pKile duglie —€ Jgua
Table 4- Comparison of the mean of variables

auly (5o yutito
The dependent variables
BISLS sl
g ) aJuds b5 ! 05 o W2l R T
id  Chlorophyll  Lipid (% biomass Cell density
carotenoi orophy ipid (%) (ma/lit) (x10°)
20609 7100¢f 4.861 9109 34f 3 M2T2P2
23961 7000 4.96¢ 10661 34° 3 M2T1P2
2306 7166 5.1d 1480 34f 3 M2T2P2
2460°¢f 7333¢e 5.56¢ 1150¢f 470 3 M3T2P2
2556% 7266% 5.23d 1290¢de 35 3 M2T1P1
3050¢ 7500¢ 6P 1483bc 48¢ 3 M3T1P2
32200 7300% 5.96P 1356¢ 47¢ 3 M3T2P1
36032 8066°¢ 6.3% 18262 54¢ 3 M3sT1P1
2516¢f 8200¢ 5.06¢ 12000%f 514 3 M1T2P2
3233P 8566° 6.11% 1363¢ 52d 3 MiT1P2
2680¢ 85000 5.13¢ 1300¢de 57b 3 M1T2P1
38502 91007 6.142 1553P 582 3 Mi1T1P1

Wl e Dglas a0 0 Jlaiz] mhaw o GLSs Bg o slls slaygin
In each column, the figures with common letters have no statistically significant difference at the level of 5%.

i 500 G Sl gl o0 Slz ) sk o
Olimre &S amily o0 Gl (ol Sin Sl jungy S
(Fernandez sy & ogamxe e iS o v (59,
b5 S s ey o0 L5 4y Reiriz et al., 1989)
8095 Sty Ly (e S 50 0592 Glie o

s b glbecas jlu 0 B ol Sagpm o i

SO 309 o
bsome )3 (B39 059 A e gie Sy lalS
bt DlaS 5 5 0l LS 0gd e sl cas
0,5 18 8 coss Galisie slol, )l LacSida 3
S8 e )3 (SS9 352y (Jlie sl

g e g 0395 Sy Oliee 53, Yo cge

Agricultural Mechanization & Systems Research
21(76), 2021

V¥



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

A2 oo plii | Lo jles (gadsi 00g Gy BB
b > a S5l Jlssen (Ghaeni et al., 2019)
los S (a0 ogrades 4213 VO 5 (102 i 5
(Ismaiel et al, 2016) ,l,L o2 ¢ Juclo—ul
5O L.,ij.,_wl ‘\5]51_‘» 3»)9_'3 u.)).o—m.») aS aals w)‘)f
0359, V¥ 0,90 ¢ wg—udis A >0 YV Lo Lo pH=A4
bl as couload ade So)ly ciS a0
Gl So035 pol> dslllas
o g g oo
&S gl oSl i) QU5 (o) 2 A 5o
s S byl 0y bl b (g5l . sl
aloz o1 5ol 00nS S5 L sasslojl wsles o
(2lgd oo ¢ oldg slgs aiile Julge 4y )l oo
ST 9 45r9—5 9= S Gl «3S Slpnss
aS Jloj (Gardner et al., 2011) 5,5 o Ll Jolow
slaS o 5l ol e yiul byl b e Lo Sl
&S 9 Y 0 pS o0 B (et 9 oS e
ol yod a4 Lyl sla Job s ,0 Jg el Jolis
Lo bad s oz Gl 55 0 (Sl
(Huetal., 2006) b oo Siol33l ol lade
sla bt 51 Sl odgs aed Bl (o 50
ol il yly d o s cpH g Lo oS aors
doyo ) mhw ol e d IS o 0 a5 wad
Ol =50 Oyle a0 b 552y o e WS
dd Gl o ciS e g9 g Aol Lo
L aoes ol (F Joaz) o)l o mins J...;l_; Go—dgs
Gardner et al.,, ) o)L 5 ;5,5 Slibs gl

slackle o BLS 59,0 lagd o) e 5045
Sl oSl Jshos S L5 30,5 o s il
g9— (Goksan et al., 2007) oL ol S , oS5
50 Wlgi oo S daone j0 g =i (ol DS
olis oladllas o sl 105 56 e sy Glimme
0I— A_Jy S 9y 9 099 Sy U‘H AR 0
Ol ol S e 5o Lyl Sl
i 10y s 500 OlnS 5 A Cod i
a— zlos (Fernandez Reiriz et al., 1989) ¢
Oy 45 03 o s 35 s ol 5l saal Cews
30 ol el Cepw d am g b Lol il g0 >
il coyd o lg eSS e o ey LS 5L
05 Ol eyt nlpli g mbioe alS (Jsle
A S U] 003 S u‘)_».o g v ‘5]91_»4
A_aiu’_a Cwddo 0, CiS Lo 0 45 (g lake
(Danesi etal., 2011) ¢l oS
5 omilyly 4525 Jgas 5l eaal s an @l
Los ccesS o) Jits slo piie il ogas
Sl 50 o 8095 ) 3o 2 (PH
o) mhow o a S o as o loid Ldg ol
Los coiS Lo owe g9 9 0,00 0929 o e IS
g 0395 S Glie 50 (2l 3L RS PH
OB Gl o L e ool Jolie o il asls
M3TIPL Lo a5 a2 oo ol Lo oSl dslin
Iy odgi 009 sy ()l jmr0 (0 s (PH=AL- /O
o gemds 4> 0 Ve slos BBM ciS Lo >0)

e ¥ S (% Jgo2) cul (PH=) -4/

Agricultural Mechanization & Systems Research
21(76), 2021

VeA



o) g sz

S e (s S PH g Lo J ol
Olyse 2 S g MITIPL Lo s by o (s0dg
a0 (Y Jeoz) Sl M2T2P2 (o5 4y gy

. X g SYUS R S W [FCOR S W G|
Lo aS el SIY 58I oy am 0,2 5 oy
(Otles & Pire, 2001) , o 5 ju—Ligl glaa_z3l
Syl Slatren
O 3 Oy )5
aJg a3 5 0g 5> ol ddss o 2009)

(Griffiths & Harrison,

S Slaie 90,18 Bl )l 0095 Sy i b o
Sl L Ll csla Sl iS50 gadS (556
A Ol O] a8 4 5 0055 l5e PH
SSan 5 S5S Ly Gbos jo ayn LS
L oed olie o yimio (Paknejadi et al., 2012)
a0 Y0 sl jo ol ol clale sl oola il

ol 005 5,155 PHE VIO by yogemes

""S‘f‘?}i’-)aﬂ"‘){pHg‘«obc" 55 Loy }.“-"U

e mliasa >gl .ol Jlees (2011
Ol Rl o e 48 050 o0 000 Lo Sl
Fin Ol an azg b ol ccisS o jo 0,

S Ol (0,2 S L ome d o (59 s

Grobbelaar, ) Ml, 5 ol adsy & s Ly a o
Iy Sl o ol s Gl ass s Slsseen (2004
S—dz i,y 50 ez e e el S <l
L0 90 ;0 OS] ol ai e wila il
5590 Gg—w s o e (0 g o lg ciS
ar o Ve g VO slod o oy o] (e
3 et e o 90 )0 a5 S 90 0 8 0 55>
) 09—“’@‘” ool i )‘o‘fum Q5L‘U ‘sal.cb )Jaa
o5k an Aol g Les el 5o Sslas o9 o8 pa
oo ©glai TIP1 § T2P2 |l g0 ;o djoxs

2 b a
d bc C
Be) d
i' 15 - ¢ de d
ef 9 ef
3 é = T1P1
%S ! uT1P2
%2
—i T2P1
3 05 -
uT2P2
0
s BBM R
Medium

iz 5 )lo (G B39 Camnj (yliwe —E S
Fig. 4- Biomass production of different treatments
Wl e Dglas a0 0 Jlaiz] mhaw o GLSs Bg o slls slaygin
In each column, the figures with common letters have no statistically significant difference at the level of 5%.

Agricultural Mechanization & Systems Research
21(76), 2021

1.4



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

. a
7 b ab b b
i C
6 d 9dg 4
5 -
'}‘g, T 4] mT1P1
=
N7 3 mT1P2
2 mT2P1
1 A HT2P2
0
) BBM LBt
“uiS b
Medium

Bl s lowd sags damd o> -0 S
Fig. 5- Lipid production of different treatments
0l g Dglis a0 O Lzl e (o LSS g slls slacygin
In each column, the figures with common letters have no statistically significant difference at the level of 5%.

Syt meslty e iyl 48 ssls s 2007)
Sl me ST Lyl Sl ) ciS b oo 4
DI Sl iy Gl eSe s Jlade 5 08 (e

olis 55 Gdios ol 5l eael Cws 4 @l
Ol = PH Gl 9 Les ccaS an e g5 w05 o0
PH Gl 5 citS b e slo)los @ Jdg)1S
3,18 3925 o mxe BB a s )0 ) mhaw o les g
g 4l (e (i tS b e g95 0 Oyl o
o2l (F Jga) el S5 L35I8 ol ee oo
(Colla et )l,LSe g Yo 5 liadm & L aons
Lo g =l pmy £ a5 o4l glsxan al, 2007)
il o 5,36 0 lsee 2,

J=89,15 0dss Olie (it 2l Bodod o
Loye Olie 28 s MITIPL Jlos 4 by o
aSul 4 drg U (F Jgorz) ol M2T2PL s o,
90 3l =S BBM ciS o e o ol 5 ol
L oamal s am &t il , 500 ciS o e
Yuan et al, ) )LSe» 5 olge— ol diass a0

2 99,15 oyl e
abuly 0t Gl gl o a Jde)lS (e
delse an o)1y (K 5 0 Gl 5 900 e
S5y LSl 5, o=l 5l e Sz Andss 5 tare
g Lo S o g5 51 Slie Jdy IS (e 45
L Son ¢ o5 ST ol alllas o ol azap
=l sy &oj o (Akbarnejad et al., 2020)
 NaNO3 IS a5, i liso sLacdale
Sl 8 JB9,)lS 9 0 (e

o 9= e al3-8] oo axaS calcitrans

Chaetoceros

Sz iy ol 08 JBe)lS 5 0t (e I
el 053,8

,o (Danesi et al,, 2011) o)L Sen 5 —uils

3 559 it ale sl osliiul po (o idos

ol easals i bdg el Sy ) e S

Cmd 39— 0010 CisS 05l Ly a5 ol S>3,

Al g a8 5 LS A Ol s pwln o5 gloy

(Colla et al., ) lSen g ¥sS .oy anles 5,

Agricultural Mechanization & Systems Research
21(76), 2021

N



o) g sz

...g_i,l?ﬁ);)g[&ﬁpHslob‘.. 58 L }.“-"U

50 SIS an Lajlews a S godgia J8g 5 e el ]y Ol i 0g S 4 S o ls Jlg Sren (2011

10 - a b
9 b c c
k‘\ 8 - de f f ef d d de
iz 7
Py =
o6& 6 mT1P1
g o 5 -
\.-’:Z 6 mT1P2
3 431 . uT2P1
, | = T2P2
1 .
0
ols BBM 0
S5 b
Medium

e W ylosi 53 2 Jadg IS (a0 =1 S
Fig. 6- Chlorophyll a in different treatments
0l g Dglis a0 O Lzl e (o LSS g sl slacygin
In each column, the figures with common letters have no statistically significant difference at the level of 5%.

U‘)-“Q 9 oo oS Lng.la.Ju ugl_o.t ‘)j'.'.‘b u)u

Ol IS emire jodo ay Iy oo daore Al

Al gl oo ;i | oy oes S
= L Lol ;55T oy 45 o oo Gl oSl

L ool Cnd A 4ol 0,10 0gog lolime M S

Danesi et al.,, ) o ,LSen 5 —wdls Slibss a o
A58 ol s 4 S o s glsSen (2011
Sad L ogpmadis a0 Ve 5l 50l slwes (o,
L Lot alools (5155 (19558 e 3,500 YF g3
Aad gaimaw Lotz Hog Jlolixe 4y a>o3
MITIPL ;Lo am by o 0mdgid) IS Glime (0 i
o Lo Sl dolie Jgoor 4 asgs L (Y JSS2)
Sg—>9 )‘%r""" A_JBLDJ O =9 ‘.)_”5 ERAY .‘a.’:_>bo
by >o 03 e 28,5l o L cplolo ol
Lo (0 o S

ek . Al Y

Y o

SERWICRERCN: SR
Lo plSon 0395 5 Jdg 5 et ()50
SS9 b asls cglate pol i (Estak, 1963)
Lyl b g ciS oo goian bl uagio 0
s Lod g 590 a6 59— el 1 aos
9 59 aiile gl sl )l yogm colban amg L ojls
g lod oS b o LS 5 gl ).’l_uo I odal G
sl as ol
S s s, e oy
ciS glala e ool wl L Ly o wl Sl 50,
oleid olslpH g ous s slalos [0 Gl
OPH g eSS e e slo e e 0 4 S 0l
a@aﬂ)o@uﬁjlduuowjup\ GL"’
A (Y Jguz) 0,0 0925 ol sme Sl a0)0

Agricultural Mechanization & Systems Research
21(76), 2021

"m



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

6‘)—3 pH 9 Lo Q—g,| 09— c—wlio o..\.:.:ooQL.;‘;.; as

ds bgye ciS e 90 b 0 0595 e

Lo 4>, VO sloo
a
40 -
35 1
> 30
’.1 T
33 25 -
S5 o = T1P1
D
2 g 15 B T1P2
2 10 T2P1
2,
5 1 uT2P2
0
ol BBM Ry
= - -
Medium

o )l )3 (55 w9 ) (e -V JSS
Fig. 7- Carotenoids produced in different treatments
Al o e Dy due )0 O Jlais | e o LS By sl s slaygiw
In each column, the figures with common letters have no statistically significant difference at the level of 5%.

0395 S ool o515 Glire a3 51 (Sl
)G R S L S R BY: PN L SR WO |
S Shos Sl o dslin 0,0 0529 o iz
Ol 2t 45 ams oo lLts EiS slalaos

Sl 0,2 g o lg S o oo 4y b o oS 5
5l S a e 90 e lo e S
Ot 5 S 5l g o)l dp2g (S 3 Shes
o 5 S slala e oas plas & oy
el 532 g (g Sl e Ay g pe
5wl 0, Slae ay d >y L o0, > i lase 1A
b (n ol plsme an 0l oo ;S 450
cwlle (Jaryan et al, 2019) -l,LSke 5 oo,

Sl
5 Y0) sles Jlas 58 oo Los U pgas o

(o 51— Ol 551 (g 4z )3 ¥

S 5 An
@l ol jloslaiul o golo; ol b
Sde ciS sl 2ldg sols Glgie d S5g
ol Smeal o (o Ken g a8 S plaml Lidg
(Rodrigues et al., 2011, o ls o _SU gg—S40
2012)

Ol i Madkour et al.,
Sy amy Lo po iy ol 0dgi 0 plos Ay 50
Lngd._l,{)’.Cb u..Jbl.j 5)()_3" )’| Wl S Lo LA
‘Ca_o.:é O‘))‘ RIERAY LgL.mJa.:_zo )’| oola_ul l_a J_Jj.'
i T8 55 oIS sl gsle ) S,
Bl 625,18 e (s w0y LS A Sl

S 95— 39— w0l aile SaBly )l (5
(Danesi et al.,, oS om0l 31, Sl ol 0,
S lay e dw ey S 4 4> g5 Ly 2011)

66M é‘s_.ao J.__Ja) )‘ (BBM 9 ué)__> “_‘;__lb)

Agricultural Mechanization & Systems Research
21(76), 2021



o, 5ed g oo e Sals 39, 83,5008 59 PH g bod (S bayse LG

ST lime L 51OV /D g AR+ 0) Ll pH (DS 055,558 s 1S 5 oo o5 Ca
S35, 58 Jdg IS i w0op S Gy Jobw el o aS ol Lis Lo sy 010 D9y o e
Lo los Lol pojlo g 2> o e D21 6, 0, Slae gl 4> 0 YO Lo Lol
ol il a sl g g o Slee pH=- A (Gargi ) ,LSen g Swl> 8 cul ails
b8 ol a5l g s Goa 8L Lo a x5 00> ol adsw o 3—JdJaski et al, 2018)

2l Glgren  CtS e 50 Lyl ) Slos (il ogas
S ySdos e o jlas Jolite Glo il oy 0 li—don |) s Lo 42,0 VO sl—eo Sy,
S Lo oe) MITIPL JLass dis bogs po 03555 Cans iles S
9 PHZAZ D 5 Logendas 4z )0 VO (loo— (g ((Sfsdsnsed 0l s S50 Lo, 51 , S0 S0
baoe) M2T2P2 jlass am byjo 0, Shoe (S los) 50 0095 Sy odgi 5 ( SInlote slacodlad
5 s > 0¥ L8 BBM csS el pH Ly perl dloz 5l L Sz gy, oS
=295 e 0 a5 b ol PH=-EV 10 gl 0, Shoe g 0t (e (59, (e 50
i A by e ol - SeS w5955 s o g pRelS ol lime 4 PHES 3 ) Gl
Y0 ol w8 BBM e 55 L o) M2TIP2 el oo o0y o, olise o3 YLy pH= VI

Sl (PHEY 224 /0 g ogedis 4> 00 05 90 ey o—w, » ,o (Rodrigues et al., 2011)

a‘é)és

Dy oo (6 FKwlow el bl opl aBisles] slaan s el gl STl oy oMl oljT olKisls oo canls

Fodly

Akbarnejad, M., Rajabi Islami, H., Javaheri Baboli, M., Shamsaie Mehragan, M., & Filizadeh, Y. (2020). Effect
of ligh and nitrogen concentration on the growth and lipid content of marine diatom, Chaetoceros calcitrans.
Iranian Journal of Fisheries Sciences, 19(2), 986-993. Doi: 10.22092/ijfs.2018.117035. (in Persian)

Anon. (2013). 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.

Assaf Sukenik, Y. C. T. B. (1989). Regulation of fatty acid composition by irradiance level in the
Eustigmatophyte Nannochloropsis sp. Journal of Phycology, 25(4): 686-692.

Barbosa, M.J.G.V. (2003). Micro algal photo bio reactors: scale-up and optimization (Ph. D. Thesis),
Wageningen University, Wageningen, Netherlands.

Belay, A. (1997). Mass culture of Spirulina outdoors. The earthrise farms experience. In: Vonshak, A. (Ed.)
Spirulina platensis (Arthrospira): physiology, cell-biology and biotechnology. Taylor and Francis. London.
Choonawala, B. (2007). Spirulina production in brine effluent from cooling towers. Durban University of

Technology.

Colla, L. M., Reinehr, C. O., Carolina, R., & Jorge, A. V. C. (2007). Production of biomass and nutraceutical
compounds by Spirulina platensis under different temperature and nitrogen regimes. Bioresource
Technology, 98, 489-493.

Agricultural Mechanization & Systems Research
21(76), 2021

"y



Q11T o/ TAR boano IV 0L /YY) (53,5188 (gl 3510 5 eblols Coliions

Converti, A., Casazza, A. A,, Ortiz, E. Y., Perego, P., & 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):114-115.

Danesi, E. D .G., Rangel-Yagui, C. O., Sato, S., & de Carvalho, J. C.M. (2011). Growth and content of Spirulina
platensis biomass and chlorophyll cultivated at different values of light intensity and temperature using
different nitrogen sources. Brazilian Journal of Microbiology, 42, 362-373. Doi: 10.1590/S1517-
83822011000100046.

Deres, E. (1998). Spectrophotometric determination of chlorophyll a,b and total carotenoid content of some
algae species using different solvent. Botany 22, 13-17.

Del Campo, J. A., Garcia-Gonzéalez, M., & Guerrero, M. G. (2004). Outdoor cultivation of microalgae for
carotenoid production: current state and perspectives. Applied Microbiology and Biotechnology, 74, 1163—
1174. Doi: 10.1007/s00253-007-0844-9.

Estak, Z. (1963). Changes in the chlorophyll content as related to photosynthetic activity and age of leaves.
Photochemistry and Photobiology 2, 101-110.

Fernandez Reiriz, M. J., Perez-Camacho, A., & Ferreiro, M. J. (1989). Biomass production and variation in the
biochemical profile (total protein, carbohydrates, RNA, lipid and fatty acids) of seven marine microalgae.
Aquaculture, 83, 17-37. D0i:10.1016/0044-8486(89) 90057-4.

Ghaeni, M., Matinfar, A., Soltani, M., & Rabbani, M. (2019). Laboratory culture of Arthorospira platensis.
Journal of Marine Biology. Islamic Azad University of Ahvaz Publications, 8, 37-50. (in Persian)

Gardner, R., Peters, P., Peyton, B., & Cooksey, K. E. (2011). Medium pH and nitrate concentration effects on
accumulation of triacylglycerol in two members of the chlorophyta. Journal Applied Phycology, 23, 1005-
1016.

Gargi Jaski, M., Yahyawi, M., Rouhani, K., & Salarzadeh, K. (2018). The effect of different nitrogen sources
on the amount of biomass and protein content of blue-green alga - Spirulina platensis. Iranian Journal of
Fisheries, 6, 57-66. (in Persian)

Gouveia, L., Batista, A. P., Raymundo, A., Sousa, I., & Empis, J. (2006). Chlorella vulgaris and Haematococcus
pluvialis biomass as coloring and antioxidant in food emulsions. European Food Research and Technology,
222, 362-367.

Grobbelaar, J. U. (2004). Inorganic algal nutrition. In: Richmond, A. (Ed.) Handbook of microalgal culture:
Biotechnology and applied phycology. Blackwell Publishing Ltd., Oxford.

Griffiths, M., & Harrison, S. L. (2009). Lipid productivity as a key characteristic for choosing algal species for
biodiesel production. Journal of Applied Phycology, 21(5), 493-507.

Goksan, T., Zekeriiyaoulu, A., & Ulknur, A. K. (2007). The growth of Spirulina platensis in different culture
systems under greenhouse condition. Turkish Journal of Biology, 31, 47-52.

Ismaiel, M. M., EI-Ayouty, Y. M., & Pierecy-Normorea, M. (2016). Role of pH on antioxidants production by
Spirulina (Arthrospira) platensis. Brazilain Journal of Microbiology, 47, 298-304.

Jaryan, R., Fatemi, M., & Machinchian Moradi, A. (2019). The effect of temperature and elements of
magnesium and iron on the growth rate and live mass of Spirulina (Arthrospira plantensis). Iranian Journal
of Fisheries, 28(6), 69-78. (in Persian)

Jime'nez, C., Cossi’o, B. R., Labella, D., & Niell, F. X. (2003). The feasibility of industrial production of
Spirulina (Arthrospira) in southern Spain. Aquaculture, 217, 179-190.

Lavens, P., & Sorgeloos, P. (1996). Manual on the production and use of live food for aquaculture. FAO
Fisheries Technical paper.

Lee, R. E. (2008). Phycology, fourth edition. 4" Ed. Cambridge University Press.

Agricultural Mechanization & Systems Research
21(76), 2021

¥



o, 5ed g oo e Sals 39, 83,5008 59 PH g bod (S bayse LG

Lubzens, E., Gibson, O., Zmora, O., & Sukenik, A. (2003). Potential advatages of frozen algae
(Nannochloropsis sp.) for plicatilis culture. Aquaculture, 133, 295-309.

Madkour, F. F., Kamil, A., & Nasr, H. S. (2012). Production and nutritive value of Spirulina platensis in reduced
cost media. Egyptian Journal of Aquaculture Research, 38, 51-57. D0i:10.1016/j.ejar.2012.09.003.

Masoumi, S. Z., & Yavari, V. (2007). A study of the effect of light on the growth of Tetraselmis microalgae in
the environment of vitamin-free and vitamin-free cultures. Journal of Research and Construction, 74, 130-
139.

Nicholas, H. W., & Bold, H. C. (1965). Trichosarcina polymorpha gen. et sp. nov. Journal of Phycology. 1, 34-
38.

Otles, S., & Pire, R. (2001). Fatty acid composition of Chlorella and Spirulina microalgae species. Journal of
AOAC, 84, 1708-1714.

Paknejadi, M., Malek Ahmadi, F., & Soltani, N. (2012). Investigation of the effect of different amounts of
nitrogen and pH on the biomass of lipid content and fatty acid composition in Spirulina major. Aquatic
Ecology Neighborhood, 8(2), 14-30. (in Persian)

Peck, M. A., Ewest, B., Holste, L., Kanstinger, P., & Martin, M. (2008). Impacts of light regime on egg harvests
and 48-h egg hatching success of Acartia tonsa (Copepoda: Calanoida) within intensive culture. Aquaculture,
275, 102-107.

Puyfoulhoux, G., Rouanet, J. M., Besancon, P., Baroux, B., Baccou, J. C., & Caporiccio, B. (2001). Iron
availability from iron-fortified Spirulina by an in vitro digestion/Caco-2 cell culture model. Journal of
Agricultural and Food Chemistry, 49, 1625-29.

Pulz, O., & Gross, W. (2004). Valuable products from biotechnology of microalgae. Applied Microbiology and
Biotechnology, 65, 635-648.

Rafiei, F., Ismaili, A., & Kermanshahi, H. (2012). Study of algae growth (Phaeophyta, Fucales) Sargassum
boveanum under the influence of changes in temperature, light period and light intensity in laboratory
conditions. Marine Science and Technology Research, 7(3), 27-35. (in Persian)

Rodrigues, M. S., Ferreira, L. S., Converti, A., & Sato, S. (2011). Influence of ammonia sulphate feeding time
on fed-batch Arthrospira (Spirulina) platensis cultivation and biomass composition with and without pH
control. Bioresource Technology, 102, 6587-6592.

Ryckebosch, E., Muylaert, K., & Foubert I. (2012). Optimization of an analytical procedure for extraction of
lipids from microalgae. Journal of the American Oil Chemists’ Society. 89(2), 189-198.

Sajilata, M. G., Singhal, R. S., & Kamat, M. Y. (2008). Fractionation of lipids and purification of y-linolenic
acid (GLA) from Spirulina platensis. Food Chemistry, 109(3), 580-586.

Saleh, A. M., Dhar, D. W., & P. Singh, K. (2011). Comparative pigment profiles of different Spirulina strains.
Research in Biotechnology, 2(2), 67-74.

Sharma, G., Kumar, M., Irfan Ali, M., & Dut Jusja, N. (2014). Effect of carbon content, Salinity and pH on
Spirulina platensis for phycocyanin, allophycocyanin and phycoerythrin accumulation. Microbial &
Biochemical Technology, 6, 202-206.

Todd, L.(2000). A review of spirulina as acarotenoid and vitamin source for cultured shrimp. Spirulina Pacifica
Technical Bulletin.

Yuan, X., Kumar, A., Sahu, A. K., & Ergas, S. J. (2011). Impact of ammonia concentration on Spirulina
platensis growth in an air lift photobioreactor. Bioresource Technology, 102, 3234-3239.
D0i:10.1016/j.biortech.2010.11.019.

Zar, J. H. (1984). Biostatistical analysis. 2" Edition. Prentice Hall Inc., Engewood Cliffs, New York. 718

Agricultural Mechanization & Systems Research
21(76), 2021

1o



Agricultural Mechanization and Systems Research/Vol.21/No.76/Winter2021/P:99-116 { L }
AERI ERARS

Research Paper

Effect of Culture Medium, Temperature and pH on the Performance of

Spirulina Platensis Microalgae in Vertical Photobioreactor

M. H. Afsharbakhsh, A. Mohammadi*, H. Mashahdi and F. Mahmoudnia

* Corresponding Author: Assistant Professor, Department of Bio-system mechanical, Islamic Azad University,
Arak Branch, Arak, Iran. Email: a-mohamady@iau-arak.ac.ir
Received: 18 June 2020, Accepted: 26 October 2020

Abstract

The current study quantified the effects of culture media and environmental factors (temperature and pH) on
factors in the production of microalgae Spirulina platensis by photobioreactor. The culture of microalgae
was done separately in Walne, BBM, and Jordan media. Temperature, pH, and light intensity (5000 lux for
all stages and 16 hours per day) were applied in each culture medium separately. Cell density, biomass, lipid
percentage, chlorophyll a, and carotenoids were measured for all treatments. The differences in parameter's
effects were assessed by SPSS software. The results showed a significant difference at 1% in cell density,
biomass, chlorophyll, carotenoid, and lipid content in the Walne, BBM, and Jordan culture medium at pH
(8+£0.5&10+0.5) and temperature (25 & 30 °C), respectively. Average data revealed that the highest cell
density, amount of chlorophyll a, the number of carotenoids were found in M1T1P1 treatment (Walne culture
medium at 25 -C and PH=8+0.5), and the lowest amount was found in M2T2P2 treatment (BBM culture
medium at 30 °C and PH10+0.5). In terms of biomass, the highest levels were obtained in M3T1P1 treatment
(Jordan culture medium at 25 °C and PH=8+0.5). Conclusions showed that Walne medium culture at pH=9
and temp 25 °C was suitable for microalgae of Spirulina. But from the point of the cost of culture medium,

Jordan culture medium seemed to be more economical.
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