FaFTVO (A ((VF+T) s OlalS 5 S

it ol g 1S iays b

Kamome o3, 25 oIS (55530 25 4 Jood 2 losgd S 9 Ly ol S sl 3
(Brassica oleraceae L.)
jﬁ“—,@ A.o._'_.éj g‘}.;l.ﬂjéj |}h.3 Lﬁséw‘ ‘kﬁ ‘64.'5:}5 6.\#‘) )l:.h.n
Ol Ol o821 (g, 5LES 0aiils Sl oo s S

B maelaci@znu.ac.ir
ARAARAAER- TR PSR A ARVARR RS S PR S VA U TR IgE

o AS>

SL S e ) S S oslal 51 e (Al sl e Brassicaceae o, 3l (Brassica oleraceae L.) oS
g5 onl 2SS Ol 5 A5l alS gl el 8L cpl b IS e ST OLS sad 5 Al S el e
Slosgd S 5 (Arthrospira platensis) L) sl Sl ojlas S ooy 5 g sskn pls .l (55,0 LS
Coygeo d O3 ($5aliS oaSiils SIS 5 iash (2 oS oLS 5 usd iS5 Il malS s (Polycladia indica)
— o ka3 k) e 53 s O (s S Ul Sl L S sl ol S b LB s LS sl
Olgen a5 L gyl Sl 5 o s Sl oSl 5,508 pde Jolli o 5550 5 (6558 i3 pide ol o a0 (2o (i3
iy SES 5 5 055 S el atla (S sl 1 Lols S5 b5 50 Slio A planil LSS e L3 Ao s 2
ol 5 e oo GleST 3T odsn (G S dons (JS I OSI ST (S s IS Wi 5 055
Sl 5 osd SiSan 5 5 Slao slad o Sl 5 (o580 5 Jol Jas sl Ol s ol @u.mdﬁ@u\
BB bl S b e el 5 e Ol (JS g ey S 5 05 oSl Slie S 50
23 ¢ SNOVNT ke b s 5 055 5 el TYOY ke b Sy o artls Sl Jlog (b (080 sl
Aol e & S 1 Oljoe o0 5 G 53 8 Z/FY 5 WIFY (lap Sl b i 5w ) S5 5 5 035 5 0
308 L Js 3l Rl olee ) i Ol (23 S 15 (58 A5 o ol &S a5 s e sl OLES
céjﬁck.dw):6>ﬁgb);wl.wgﬁ56»UWw\w3&Moltf):ﬁ,w@qdc)l;\&
S 3l DL Shag cnl s ol SRS 1 alsa sl e Olsse (Sl e sk 4 Slesg s L el Sl 5108
Uyl Sl (STl 658 53 G 53 A8 5 oIS 53 (S d e Sleo s e D G e (65 5
308 L OIS s ot 5 VL sk 3 SOk g sls (LA ) (6o 5 T 8ls L s oIS 03 s e NS

2S5 GRS e spd i Bl ol 5l S

L;*:)V'Ls su<.:.l>.- cé)r: JMJ g‘)\.\.f..S\J.: cl.'..:.!jj.;.w‘ :‘5.\:.15 6&03'}

) el g 1


mailto:maelaei@znu.ac.ir

FAFYVO (1A ((VFY) Lz olalS 5 S

4o dle

Calises glaas 53 (glos xS Gylas o5 8l Sl (golaiil o+ A e S 5 ol Jols &S \(.JS o slasl
S ol dle 5> LS Brassica oleracea L. ode ob b o5 oIS e cpl s S 51 S (Warwik, 2011) 26,0
Lopor 032 40 e o Il 0 gt Caeslie 5 VL plss 5 (S0 (alsn laplil 23ls s 0 o QUL b 01l 5o
Taqi Zedah & Solgi, 2014; ) coul a3 S 513 (ool am g5 3550 b jed iy s sliad 55 203 oS SO sl @
.(Mortazavi et al., 2015

oy bl S (58 oS0 S 03 Jaos o OO o S Sl s Jame Sl op Ses 1S 51 (S
Sl sl i 5l (83osliS Slases 0358 SIS 5k Sl e 5L 0T Jlis 4 5 Copmar I3 4
S 5 olS 5 Slas 5 (5Ll &l I &S (Sharma, 2023; Arora, 2019) 5,5 513 ) 5 3550 L oS Ail o Coenl
Wﬁ)bﬁwkuﬁM@?ﬁ@l{joé\J&ilPlb&l{J}Lbdw()ub\};&d)ﬁﬁ.b)bdw
o= J= ;3 .(Zhao et al., 2021; Hasanuzzaman & Fujita, 2022) 545 olS 55 JSseys8 5 sladss Jolss ole el
Sheslinal 5 St e 3 sk 4y s GlassS 5 (525580 slpe Sl alanal a)ls sy S (6558 JalS gl s o
o ($355LS bl gy G oeis el Lol alul ; (Sharma, 2023) (5555 4 pslie OlaLS gl A, sl 55
Ding ) 5,15 513 ($555 sast (5 me 53 Olgm ol 53 SbE e 20 S8 O sehen AVY L5 il 13 S (6555 30
55 ot ol 358 e DS s (S plie 5 (358 kS 151 Ll oS ()5 kes ke S (et al., 2023
Hawrylak-Nowak ef al., ) 43l o olS o5 5 A, 2ol Colg 5o 5 O 535S (ol 5 gl 5 les ¢ 340>
.(2021; Munns, 2011

W plil (e g md Soin 5l ) o5 sk b (25 oIS olS e Sl e oS A sdalie gy b
S8 w5y ol 5l (Aclaei er al., 2021) il ialS gols e jsb a4 aduy 5 e SiE 5 5 Ohs oS ol
L3l Fse 635slES 5o b 5w alaes 55 LIS e (o A5 S S0 Sl 4 QLS Jes Il sla s,
.(Jayakannan et al., 2015)

LS Sl ealinal 3550 (55558 53 ol e 5 3 Shas Sl skie & WIS e S5 sm 08 K Ol 4 S
oS o T Slo 53 by Sl ojlas il oy S e 5,8 Oy (55,5l 5 (Prakash et al., 2014)
S ol Jyile dle e el shls Kilo ol (Stirk ef al., 2020) 5 55 o oS 4 053, e Sl 5 S0
=S F Sl o slae (MacKinnon ef al., 2010) Sl (2 b a5 @ frwly 53 e Bablows S 5SS Olge o
S 2y s ASk o ey 5 e oS HE ol (el dads a2l o (ALS Slal a0 Sl ek
Ko 25 S Tl e (SHirk e a1, 2020) 53,8 o 01 3 Shat 5 oS 55t oo S ol 53 o 5

Arthrospira platensis -Y Polycladia indica -¥ Brassica -\

Yve

B L el D



FAFYVO (1A ((VFY) Lz olalS 5 S

s bl Sl G e o> Siia) e (1Y) Slodn sy S s 150V S ISkne Sl ) 2019
Aol S5 Y SIS imen 5 (ke 5 3500 Ghd o 035 p e cpsibe (S5 2D Gdae 3lss Bia sl
SU5 53l sy S Sleassl slaasbs 50 S Glea 5 O 53 S 0 (Zanganeh er al., 2020) ol (GLA)
Sl Sl nils cle oo oSl (Bajii ef al., 2002) syl 1y oS LB e 5 eslizal LG sl s 45,
SalS 5 S Ol (eSS (b8 a5l et 3lpe W5 o gl bl s 4 5 S s ol Csl,
oS 55 Sl ojlae 5,558 a8 5l Ol alises gla yia s Cfl" [(Sridhar & Rengasamy., 2011) .5 o S (5, 55
G S &1y sl LS 5 Slee 215l Sl (Sofy et al., 2017) oS )5 olS 5 (Afonso et al., 2021) S5,
Ot coslie gle ole ooman 5 o e 5 ST S e (ST Sl (gd S0 ey g8 15D an“%g;,'l-l)-’
Lo 2l S A5 5 o5 (S o Sl Jams sla i 0 gl 35 Eol 5 Ll SLLS (555 (ks Ake
Sl (S aad 5 S Gble s QA s Gl s ol Gl g L .(Sayari zahan et al., 2022)
o anlllas cpl 03 cpl s o (B WIS LS sad 5 S 55 o5 5 RS S s 90 U Rasn al el
05 DI a5 Sl 6 5 5,8 18 gl 50 6558 A5 Bl 50 Sl g olS ol ST B s
Sgd gy olS ol 55 (5s

L sy g ols

5 oS oS (lag) Kamome (35 o5 oIS S35 05 558550 Slio r aiSilr 80 aalllas 5lae 0 a5 oo
(Sl e) SISl s 5155 Sl b ol Sals oAb B s st el Sse a4 (WS i) (o5
5 0ke) Sl ot o 53 Jols ol LS pladl Ol oSSl (535U 0ASiSls JLEL psle 05 8 s
3 Slosgd Sl (Slr 5 )8 pe) Sl 5l e a ol 093 586 5 (6550 A pde 5 (e ey o Sl
Sl s 53 @IS LS S i8S sk £ OLSS s (S S S S 5 LY Ol o b el S
o3 5 5 S8l S b e Ll 15003 8 s 5L G s DS e e oLl A eslizal ciS
ol cia b nd spdm Bl 55 VU ed Ssby e mprebor 53 10-Y0 s 6les cbio 458 ol ol o
0553 (sl St ) pls 355 5 S S el S 5 LI olexr 5 p s LS 2 5eb 5l 3L
s as bl of 5 0l S Gl sl 31 L8 L0 it e Sle Y FUsl 5 e Sl 10 a3 L lalalS
e slachle 53 ol of b 51 (ks o) Gosd sbasled Gl 5l e ana Hler (Y 5 ) Jadr) Ad A
Sl S5 w03V s S lesl azin 3 b 4 cald Hles Olge 4 (o5 slesd pde ol e @ 2o iag) ows i
53 5 A5 Sl S EC Ol LSS aie pa OIS EC a5l i ol 5 S e 51 655k gl &S
$S 033 e (gosd 5 dlasl 3l ais S SIS L3 S s (] Jsers ST L) sl (S e o0
i 3 e S 0 Sl o)l ag ol At LS| OIS Sk dos 53 Dlie 4 3k e Sl S eslizad Lol
Sode 4 aie O 2 e 00 Lol glacdr e pbtd ann 5 o8 8) Ol Sl SOU Sl e (gl 2 S

TIPS VeV S B WD o|ﬂyo)wﬁp—‘gxuﬁ;l.x,..,q,iL@;)U.ua.uL:ﬁ«;,-)g\~~ by 55 ards P

Yvv

) eSS



FAFYVO (1A ((VFY) Lz olalS 5 S

wlS (Ghdy 0,95 CiIS | ey (Tavallali ez al., 2009) wis a5 8 L 557V 0r Olge 4 Jool> oslas Lo 5l 550 )
iy, S5 5 5 05 iy 5 033 oS p e (atlh Wi e 05 S ala i Jeld OF (S5 58 s sla S
50 ey 5 e Ol sy SeST sl oS OeeSI BT Ol (JS I (G S Aes oS wuse
Qb3 b s a5 asl arnw s S ool o s S 4 oslaas S ol shea Lly cpl 538 8 53 (5,805l
YL 655 o Caad 1) oS il slaiand 515w linl (S e (oS3l skite 4 B led il el
I, oS s (CanoScan Lide 120 Jue) ;o 5l esliiad b as . d (3Ll 5 Ol (6 5b a0 s 5 g0 oy ol
0539 Owomad 9 & 50 5 039 s Sl ..L:Lgﬁf;nﬁsk:.a}wbuSﬁCL,ADigimizer)lj.é\D;&Jgja:j*;&i.ﬂ\
3l el 5055 s and oS Tame p5b ) W a glaads s alss il 05 5 31 e daads ;) SKis 5 5
oy St 855 GS el Gl e S 513 0 S /) S L Jlaes 65515 b g ddas 8 5 055 Geamen
s S5 g3l KaS o WOl O3 e 5 i b 453 00 gles s ol YE Sde w0 Ol 3 | Lk gl
5 Jgb Sl sk s (686500 (1949) Arnon 5y, 5l eslizul b 4 jes Ol 5o .(Ashraf & McNeilly, 2004)
e o sy S Jgd 6, Seill 5 2 S s (2014) O ,Kes s Bedreag b5y 4 6,8 oslas OloS| s
G5 S s Ao Olee .S aenlses (Ozen et al., 2012) DPPH i 5, 4 OlnS| 5T 5 (Meda et al., 2005) 52

A (5 ,S o510 (1982) Chapman & Pratt 5 s, 4 50 ("3”’[:‘3} e Ol 5 5 (2007) O1,Sen 5 Ben Hamed i

e 3,5 51 G Siledl 53 ealil 340 OIS S gla S5s -\ Jgd

Table 1- Soil characteristics of the pots used in the experiment before treatment.
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Table 2- Characteristics of the irrigation water used in the experiment before treatment.
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Figure 1- Interaction effect of salinity stress and algae on the number of leaves in ornamental cabbage,
means with least one letter in common are not significantly different at Duncan’s 1% probability level.
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Figure 2- The effects of salinity stress (A) and algae (B) on the amount of leaf area index of ornamental

cabbage. means with least one letter in common are not significantly different at Duncan’s 1%
probability level.
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Table 3- Analysis of variance effect of salinity stress and algae on morphophysiological traits of
Ornamental Cabbage.
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Figure 3- The effects of salinity stress (A) and algae (B) on the amount of fresh weight of ornamental

cabbage. means with least one letter in common are not significantly different at Duncan’s 1%
probability level.
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Table 4- Analysis of variance effect of salinity stress and algae on physiologic traits of ornamental

cabbage.
N SINARR WS
= , J s 3
el st oo ST T g5 ds " s
. S5 . Total ) 3l
K Na Proline Antioxidants Ion leakage S.0.V
Peroxidase phenol df
percentage
2294.70*%* . 18*%* 76261.44* 0.004** 750.94%%* 0.002** 2427 (4% 2 o
Salinity
S
208.84%*  0.04* 749836  0.0003* 128.15%*  0.0004** 69 48+ 2 o
Algae
Silx g, 5
22.34%%  0.004  864.94™ 0.00001™ 4420 0.0001%** 16.07"™ 4 Salinity x
Algae
Lo
24.04  0.0007  646.00 0.00002 6.54 0.0002 184 27
error
EaPa
7.62 6.34 24.87 10.17 571 925 102 - ol i
C.V (%)

R ) S x| Clm 3,3 gme  Sxe Ol 5 5 4 % 5 % NS
s **and *: non-significant, significant at p<0.0I and p<0.05, respectively
5 (IS S n e Slhe p S s gopd S8 -0 o

Table 5. The effect of salinity stress and algae on morphophysiological traits of ornamental cabbage.

S 51 . r w5
o Ol S S e S ey SES 035 oo 5 0os
Peroxidase Antioxidant Total ) ) Laslos
enzyme X Ton leakage chlorophyll ~ Dry weightof  Wet weight Treatments
(umol/g fw) (umol/g fw) percentage (%) (mg/g fw) root (g) of root (g)
G g3 om) S50
Salinity
0.02¢ 36.68¢ 28.23¢ 0.035° 8.352 18.432 0
0.04° 45.10° 42.26° 0.029° 5.75% 15.77° 4
0.06* 52.49* 56.67° 0.025¢ 4.10°¢ 14.00¢ 8
Sl
Algae
Jals
0.05% 48.532 45.142 0.023 5.34b 14.36°
Control
Slosgd S
004° 42.89° 40.68° 0.031* 6.422 16.422 -
Polycladia indica
b g ool Sl
0.04° 42.84° 41.33b 0.0342 6.442 17.422 S

Arthrospira platensis

AL e oSSl b\,«ﬂ ool Mﬁs.(a_dl.«.‘a-lda.—-ﬁj;dbu &g r.x.a)fu\.i.v Ogm 50 wlin Gy >

In each column, similar letters indicate no significant difference at Duncan’s 1% probability level.
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Figure 4- Interaction effect of salinity stress and algae on the total phenol in ornamental cabbage. means
with least one letter in common are not significantly different at Duncan’s 1% probability level.
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Figure 5- The effects of salinity stress (A) and algae (B) on the amount of proline of ornamental cabbage.
means with least one letter in common are not significantly different at Duncan’s 1% probability level.
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Figure 6- Interaction effect of salinity stress and algae on the sodium absorption in ornamental cabbage.
means with least one letter in common are not significantly different at Duncan’s 1% probability level.

90 a 80 =
b

80 :&1 70 b e
RE v 2 oA R
770w T60 % .
t e c i RERE s EEEER
5~ 00 o~ S0 P i
&3 oy o B i e
2 50 55 24, 7 7 .
g i i) g 40 LIS s R
\ iy i \ G £ P
S v 40 410 S R B i 5
Mo e ) MoS30 EarEE W e
% 30 i o x B AR B
o i ik D20 i 7 7

< taahe Tha < EA o
0 e e i i i
10 agd R 10 G i H
el iy s ot s
0 L) iy 0 R, A HEEE

(=}
N
o]

Control Polycladia  Arthrospira
Salinity (ds/m) indica platensis

(o 32 ooy (o) (59
il Algal(sl>)

<
b 6|,|;‘5ua§sp.(g)ﬁ5ﬁs,a‘._,,L:;o!;,»ﬂ_g,_;!,(Jl)ﬁ;rxsﬁm..«gai}fﬁd,,.:um;l—vJs..:

I (sl e gl oSS O ga3T Y Jlesl pehan 53 S 2t

Figure 7- Effect of salinity stress on the K content of ornamental cabbage (A) and the effect of algal on the
K content of ornamental cabbage (B). means with least one letter in common are not significantly
different at Duncan’s 1% probability level.
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Abstract

Ornamental cabbage (Brassica oleraceae L.), a member of the Brassicaceae family, is adversely
affected by excessive salt accumulation, which is one of the most significant environmental stresses
impacting plant growth and development. Therefore, identifying strategies to mitigate salinity stress
and enable cultivation in saline soils is essential. To investigate the effect of Spirulina (Arthrospira
platensis) and brown algae (Polycladia indica) extracts on reducing the impact of salinity stress in
ornamental cabbage, a factorial experiment was conducted in a randomized complete design with four
replications in the greenhouse of the Faculty of Agriculture, University of Zanjan. The first factor
included salinity levels of irrigation water (4 and 8 dS/m), along with a control (non-saline condition).
The second factor included the application of 2% brown algae, 2% Spirulina algae, and a control (no
algae). Morphophysiological traits such as leaf number, leaf area index, fresh and dry root weight, fresh
shoot weight, total chlorophyll, antioxidant activity, total phenols, electrolyte leakage, proline content,
peroxidase enzyme activity, and sodium and potassium concentrations were measured. The results
indicated that both salinity stress and algae application had significant effects on all traits, and the
interaction between salinity and algae was significant for traits such as leaf number, root fresh and dry
weight, total phenols, and sodium and potassium content. According to the mean comparisons, algae
treatments resulted in the highest values for leaf area index (42.52 cm?), shoot fresh weight (153.33
g/plant), and root fresh and dry weights (17.42 g and 6.44 g/plant, respectively), compared to the
control. Furthermore, under salinity stress, sodium concentration in the aerial parts of the plant
increased, but the application of algae moderated this effect and reduced sodium accumulation. Both
Spirulina and brown algae significantly decreased sodium content in the aerial parts at higher salinity
levels. Overall, salinity stress negatively affected the morphophysiological traits of ornamental cabbage.
Among the two algae, Spirulina showed a better response and effectively alleviated the adverse effects
of salinity stress. In other words, algae application at higher salinity levels reduced damage caused by
salt stress.

Keywords: Algae, Ornamental cabbage, Peroxidase, Salt stress, Spirulina.
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