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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 VAR WS
= , J s 3
el st oo ST =T g5 ds " s
SR Total ) eEs]
K Na Proline Antioxidants Ion leakage S.0.V
Peroxidase phenol df
percentage
2294.70*%* o 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
Silax 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
Eaba
7.62 6.34 24.87 10.17 571 925 102 - ol i
C.V (%)

R N ) S el 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 (S SSdn b Slhe p Sy gpd 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 e ey SIS 035 e 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 sm2) 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° 0.0312 6.422 16.422 -
Polycladia indica
b b b t—:b;:-;*‘] &-'l"
0.04 42.84 4133 0.0342 6.442 17.422

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 Sy >

In each column, similar letters indicate no significant difference at Duncan’s 1% probability level.

YAY

) eSS


http://dx.doi.org/10.61882/flowerjournal.9.2.377
https://flowerjournal.ir/article-1-287-en.html

[ Downloaded from flowerjournal.ir on 2026-07-11 ]

[ DOI: 10.61882/flowerjournal .9.2.377 ]

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

SR Cwd dp >

A Sl e s (F Jsw) s e S Sty Sl 5008 5 ()58 A5 ool 318 13 0L s e
SSle b Ol o mi Js b e (I3l (S8 A5 53 8 53 S el o ys Ol S 3ls OLES (5558 A5 Lol
Sl 5,08 ol Sl sl @L:}.(\‘ o) 550 e 5 el pwd Cda Sy 05 A5 kel 4 by e L OF/PV
Sl b Ol o a8 5 Sl 2,008 e Jlas 4 bgs o L YON T (p:Klo b g ot o33 Ol e o0 s oS 5ls OLS
Jid slas 8 ol 5 Vb slos o Six (g 58 ol o 25 53 (0 ) 20 Slosgd Slor 5,58 @ bss e ¥ 4/2A
A e e 5 b gl (555 Olis see ST s 4 a8 05 S e 3 nS) 5 Gl s 5 0ds A5 O3S
i il Gl 5ol ol 6 pdud i 53 ks 5 olid gladid &l o go 03081 Jlod Slad )8 it e
Sudhakar ) 3,15 ege Jid (55 4 Caeslie il 5l s Lid Ko L= ool plo s o o) glalis 5 8 5l sl
i Ol S 031 5 o) O goalibenST s b 53 s 55 sladllT (5,511 U (et al., 2001; Shim et al., 2003
izl55l (Bandeoglu ef al., 2004) Al s Lid & ol 305 5510nST el Ol s (6, So3ll gl o5 Lasle S
Ll 0 55158 (Jamil et al., 2006) (.lS s (Kaya et al, 2001) Cl:_(m\ BERUEE™ Cjk«u el 58 amD yy S S5
23 AS o (5,8 o AS slawl OT ks 515 33,8 o ol 53 ST e (slgme Lo L3 STl 0jlas
&S o cailoe (ol al gli Calad Sl bty 5558 e L5 il s ol el 6Lid 4 gl 16,8 sl o ams
b Sl oslas 5,8 a5 osls 0L s Jrass 51 & Cu .(Vohjodi Mehrabani & Valizadeh Kamran., 2021)
Spann & Little, 2011; Sridhar ) 5,15 OlS (gl s 55 O Lol 15 a0 Ccd (6 s s 1 Jas gla i3 Lol 5 s
.(& Rengasamy, 2011

JS e

Ao s S el o s Sl 3 ) 5 (608 5 ol S0 o IS e Dk B S S 0 ey 00
u.«f.»l,,a LIS ausmm sl Ol AL aS sl Ol (6,58 A el wi;u dslie @L'J (F dadr) L Sls e
oS hen 1070 S0l b 5 koo () (sl Olee 0 S 5 Supd A5 pds Jlad b e 505505 5 e S e /YO
38 ool S oS0ls aglio s (0 o) 30t e od o (o5 5 Dol b 5055 0 S 2
S 5 el Sl 0,08 Jlad o by 5 055 05 208 oo /7Y 50l b 0o 0 AV 5 0l 0L S
w5 oo gl sk (b0 dsir) g el e @ bgse 5055 08 e S e /Y Sl b s O
ol 4 e Ol Sles e pﬂjj Cled El 8w 53 5 A lae (0 s 4 o A5 s as 518
lail> 01 5L el gole 4355 0 Cadlis IS 5 e S sl (LSl Osen W5 53 S g (o Rt
Parida ) 33 5 o S 5 5o Sy 385 o 5l sl 5 Jite JSTy s o0 ol 51 ol oo slgn 5 0l 4ty s 2o by s
oLas Swainsona formosa oS S 5 & e Jllis 5 Los Sl ojlias 558 L LU 5 oy 0 SO s (et al; 2004
b 4 (Shen & Jensen, 2008) 13 S S 5 au e sldie ool 3l o s (lL Laim 3o b 5l ejlas ol &S A ol

dﬁﬁyuﬂ|fa‘Q&bujjjiywlﬂj;bﬂh&w&\f‘&kﬂdlﬁ)b&éwwuﬂASJ‘.W)L;a

YAO

) eSS


http://dx.doi.org/10.61882/flowerjournal.9.2.377
https://flowerjournal.ir/article-1-287-en.html

[ Downloaded from flowerjournal.ir on 2026-07-11 ]

[ DOI: 10.61882/flowerjournal .9.2.377 ]

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

o g Cpimmed 3 e ChlE 5 Gl S e o S 0T 51 .(Rathore ef al., 2009) il ol S
5l e Shall ey 5 N peames e e Bl I cpl sl 5ls sy seriios BLI I elS W, 5 ol 5
ol plasil iash (pizees .(Chango & MeVetty, 2001) b o 55me (2bsd Sl ojlias 5o 55 oS Ad ) an 3
L S5l (glstn 5 IS 35 IS Ol e oS ol OLES (gloggd Sl ojlas L sled (b pdiS iliss ol (555
3 355 G Ol s ol S 0SUS sls Jiass b (Ghafarizadeh e al., 2015) b il 58l dals les
OB 5 el i) sl slacd plie 5 OlaS ol s ramen 5 el GRud O55 50 s o @
o a5 Ay Sialsl s oL S 3l 0lg o IS 4k 4 (Gandhiyappan & Perumal, 2001) 55 5 . OlalS s
Crouch ) ST sl 50 5515 ol (a5l als (Sl 53 5 5m 30 Ly (6Ua S e a1y ¢ ams (sla 53 Jasl 15 )5
o2 3l cwiles b (Blunden ef al., 1996) )5l as slge 5 5l o 55 a5 Ol 51530 (& Van Staden, 1993
5 GASN i bl oS 5 il WS 5 @l > (Xu & Leskovar, 2015) sl S 4y o
Siass gl oL, (Siddiqui e al., 2017) &S o s 1 1 gt 58 slainis g slitle 5 odd pleaslolis
Cotla 5 S oo il 5 il oS (5 g geel 55 s s 4 s S o jlias Sl eslinal s S & 5
Cillas s ol S b aS 05l e ol w5 S A e Ol SRl o ol 5 analid 5 A5 e WS
Cyso S o las ks S (Momordica charantia) NS oS g5, &S iass b .(Sunarpi et al., 2010) s,
Solssmn 56 A3 53508 5 S ay s b @ e o 1l 5 Slae s S5 s eslas ) &S LS sdalin 25 S
SLe S, s el 5l 6,8 o sl S ojlas 5L e ((Amini Fard & Khandan, 2017) <ol azils
P S s G5l s 0 o5 S pl 5 A GRS A0 Olo s elS s IS e 5D @ e ASle 5
(S S 5 Koo S b Gals il JalS s 4 S s ls Jias (Goili et al., 2016) s
Ol 1y cotluy g Olpe Colg 53 5 du e Ol S 5 Ol d (Glsts L3 (Gl re il | S ojlias 86 o
.(Kumari et al., 2011; Neily et al., 2010; Xu & Leskovar, 2015) sl>

JS I sl g

oS 3 IS s gl 5 Sl 5,08 5 opd 5 Llime 5 Lol S aS sl LS IS J b ks bl 4 S
sl Olas S 3 (s 55 5iSKan 5 oSOl 4 lis b (F Jsr) 55 b sme Aoy S Jlez| cld.u)} S
VY GSSle b IS U i oS (gosb 4 3L Rl Sl 5008 5 o 55 RIS L S U Ol oS
SUS 5 (Y IS8 55 o8 A5 e iemed i Dlad 5o W el S 508 w0 b e 5055 05 e S e
0¥ 53 0b5 e 4 5 st 352 Sl Jase (Sla 25 L agrle Ll b 55 OLlS oSt 450 LS 5 5 bad g e
133 5 ST BT CB LSS 5 ol Al e Sl 4ol gl 2 e 5 Aol e sk

3OS 3 Jsb LS 5 0ad anlu (Sabura er al., 2013) W53 e LS onslin il ool 05T sJGsI,

YA#

) eSS


http://dx.doi.org/10.61882/flowerjournal.9.2.377
https://flowerjournal.ir/article-1-287-en.html

[ Downloaded from flowerjournal.ir on 2026-07-11 ]

[ DOI: 10.61882/flowerjournal .9.2.377 ]

FAF-FVO (VA ((VFY) iz olalS 5 IS

Sope @ PAL @315 8 oo Do (PALY) 5 el VT Jed 5T Ja g VT b ) el ols 0 e G b
«(Parr & Bolwell, 2000) 51> bt (gl b o153 i sl (sbo poly ahox 51 J 50 S 5 cpdinr bl 5o s 18
(Bais et al., 2004) 1515 oge 25 284S A3l o 35T Ol ply DS 5 (5w Gl 3 1 J g OLS 5 OlalS
Slosgd Sl oslas 3l8 H s 5 g3 5 lad b Ol 5 G181 Cud b Ol Sl Oliions cpizees
oSt s I glas S 80 o Tl ddeen oS (g5, 4B S Syse iash b (Faneral, 2013) L5 S edalis
ol or ol lle 5 (als 358 S 5 03 IS I8 Ol (M S A edalle by SOl ol b 3L s
(2015) 0|, sLola-Luz L 5 ol el o) (Vjoudi Mehrabani et al., 2017) A& Jool> Sl L3b J gl
OLLS 55 A5 5 J 5 DS 5 (glsms 3 Sl o ge obos S ojlas leslinal 48 ols 0L JS5 2 oIS o
Rl 0> S Glap sl cdld I 5 I SLS 5 s sshie 4 5L 3, se sladkauls o med JRI Hs w

A Glow 080 5 5V 5el VT J8) el

0.09 -

£ w007
35 0.06
“ 0.05
% 0.04
% 0.03
4:"3‘ 0.02
2 0.01

Total phenol (mg/g

e

AT T T

(e}
A Sminieinieiaieia el
[oe]

Salinity (dSm'")
(e g iy (s00) (590

BControl B Polycladia indica B Arthrospira platensis
OS5 0951 1Y il el 53 S e o (sl (sl Rl 5 oS 53 IS I S 5 (5550 i piSen Y IS

.J}J‘.b' ‘_;Jb‘;'uu ;J}L'S

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.
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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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