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Table 1- Components and amounts of Hoagland's solution used.
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Table 2- Specifications of Seaweeds used in the research.
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Table 3- Analysis of variance of the effect of different treatments on the physiological traits of pansy plants.
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Seaweed
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" and " indicate significance at the probability levels of 1 and 5%.
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Figure 1- Comparison of the average interaction effect of salinity stress and fertilizer on the height of pansy
plants. Means with at least one letter in common are not significantly different at LSD’s 1% probability level.
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Table 4- Comparison of the average interaction effect of different treatments on physiological traits of pansy

plant.

(65) lsn il Sa 035 (6,5) 2lsm gl 5 055 (Ae3) Sl sl (e i) Gusd A5
Dry weight of shoot (g)  Fresh weight of shoot (g)  Seaweed treatment (%)  Salinity stress (dSm™") NaCl

9.30° 29.83¢d 0

11.33% 32.67% 1% Spirulina extract

11.50° 33.83b 2% Spirulina extract 0

12.17° 35.33° 1% Sargassum extract

15.67% 45.67° 2% Sargassum extract

6.10" 18.67 0

7.50% 23.50¢°f 1% Spirulina extract

8.10%4 26.67% 2% Spirulina extract 3

8.93¢ 27.17% 1% Sargassum extract

10.93° 33.67% 2% Sargassum extract

3.87¢ 12.67 0

6.17° 19.00M 1% Spirulina extract

6.67° 20.33¢hi 2% Spirulina extract 6

7.50% 22.67fh 1% Sargassum extract

8.83¢ 24.83¢F 2% Sargassum extract

L, s e sl LSD 505170 o las 53 S e B G Sz Shols S S0l Ot o 3

In each column, means with at least one letter in common are not significantly different at LSD’s 1% probability
level.
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35 oS T glgmms &S il 51l senans (Guo et al., 2022) S5 458 5 (Yusuf et al., 2019) ;88 i 5 5
39500 B oS 53 upd S Lol Gl el et Ol 4 S esle W5l cpline A Ll
Gy als Ol Gl 2alS 5l 36 ghss a5 s i esbe b K5 gw 3 Shas 2alS (Banakar et al., 2021)
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S S eld Ay 5 leintsn @SN L3 Il o s ey Sl b Gl b sl sl )50
g e 53 (S oS 313 0L Shash ool s (Kumari er al, 2021) ol OlaLS 6U,:,U:;W(5uwi
AE S 6 3 2lpe U S 5 5 05 SR e 4 SealS s olS Wl ials

53 48555 akiin oS 8 jee Jsb 5 IS 3 5 slaas (Al Ol p S 5 st S bl ol Sl oliw
Shpre Sl Ao gy ezl mhas 53 5 Sde Slio p boles S Wlhag b pre Ao G ezl e
0 =) coils
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Table 5- Analysis of variance effect of the effect of different treatments on reproductive traits of pansy plant.

Sl e S5l _
b3l ey JUELpE
S J $ s $ sl S ol
et 5 5 s DF S.OV.
flower lifespan ~ Flower diameter =~ Number of flowers  Flowering time
gl S
6.5%* 0.45%% 12.8% 85.6%* 2 T
Salt stress
S
4 2% 0.32%* 8.5%* 42 3** 4
Seaweed
Sl x o5 A
1.8%* 0.10%* 3.1%* 15.2% 8 Salt stress
xSeaweed
U
0.9 0.04 1.5 6.8 30
Error
(J—ﬁ J) C)‘ WW — 5
12.1 8.9 1.5 72 - T

CV (%)

ML@M)}@)&JL«&'C]ﬁ—‘d):d)bwjilf\,.;ﬁb*};ﬁ

**and " indicate significance at the probability levels of 1 and 5%.
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Table 6- Comparison of the average interaction effect of different treatments on reproductive traits of pansy

plants.
Sl S & sl (Gs) A8 0l S
() GEREI) Pre (4052) Sl e (o gt oot is)
Number of Flowering 0
Flower Flower flowers time (days) Seaweed treatment (%)  Salinity stress
lifespan (days) diameter (cm) (dSm™) NaCl

9.73¢de 2.22def 9.67% 70.33 0

11.17% 2.40 11.50% 68.33¢h 1% Spirulina extract

11.50% 2.90° 12.500 65.00" 2% Spirulina extract 0
12.832® 3.372 13.83% 61.00 1% Sargassum extract

14.17¢ 3472 15.50* 57.331 2% Sargassum extract

5.60" 1.95% 4.47h 82.67° 0

7.50¢h 1.98% 5.77¢ 79.00%¢ 1% Spirulina extract

8.17°f2 2.179%f 6.701 76.33¢de 2% Spirulina extract 3
8.60%f 2.37¢de 7.93¢ 73.33¢f 1% Sargassum extract
10.83b<d 2.73be 9.60% 67.67¢h 2% Sargassum extract

3.00 0.78! 0.60* 90.33¢% 0

5.83¢h 1.32h 1.80i 87.332 1% Spirulina extract

6.50"" 1.75¢ 213k 82.33° 2% Spirulina extract 6
6.50fe" 2.02¢f 3.471 77.67¢¢ 1% Sargassum extract

7.83¢h 2.134ef 5.13¢hi 74.334¢ 2% Sargassum extract

Il e sl LSD 05a31 7Y Jlazd o 55 S 2o G S pSos g1l slapSile g 2 5o

In each column, means with at least one letter in common are not significantly different at LSD’s 1% probability
level.
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S o slae Lol (Asadpour ef al., 2020) 355 0 OWLS ;5 AUS 5 Corge A, (2alS s 4y clhdld 25 4 S
oolas 5> S st Pl ) Gl ges 58 sl 258 g QLS (0 55 ol 355 050 JSCE5 5 (AS o L0
Spdn M polie St o S A Al e 53 5 8 ol e m s s L) A e s S
Sl e IS0 as ol Sl ojlas jlag &5 Al sdalin (S pax S (55, ol plrsl iy o3> (Khan et al., 2009)
Mohkami ef) 3 5; L) 5 el Sl o5lae 2 0 5 S Gl Jlas o g 5 A3 5 53 05 5 S 2l 8l sy
Aal., 2020

SIS, Olse 358 5 opd 55 lasless ol 31 sl 0L Weasls (ilyls 4 il 1 il 6 LIS,
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Table 7- analysis of variance of the effect of salinity stress and fertilizer treatments on the amount of
photosynthetic pigments in pansy leaves.

Slay e 5 Ske
@3l3l 4 e gl
b ., a4
T T DF S.0.V.
Chlorophyll b Chlorophyll a
0.32%* 0.85%* 2 T
Salt stress
S
0.15%* 0.42%* 4
Seaweed
Sl X 6ypd p3
0.06* 0.15% 8 T
Salt stress xSeaweed
U
0.03 0.08 30
Error
(0 33) ks g
10.5 9.1 ; s

CV (%)

.u\gjw)bc"i}&iJL&}'&MJJ&)‘JWJQL_{%)Q#}&#

** and " indicate significance at the probability levels of 1 and 5%.
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Table 8- Comparison of the average interaction effect of different treatments on the amount of photosynthetic
pigments in pansy leaves.

b < A 4y e
Chlorophyll b Chlorophyll a (Ao 3) S e (e 2 i) o
(G 03505 0S5k (503505 n e Sk Seaweed treatment (%) Salinity stress (dSm")
(mgg' EW.) (mgg"! E.W.) NaCl
0.46% 1.18¢ 0
0.51¢ 1.124 1% Spirulina extract
0.56% 1.22b¢ 2% Spirulina extract 0
0.60° 1.27% 1% Sargassum extract
0.68? 1.30* 2% Sargassum extract
0.24¢h 0.57f 0
0.28¢ 0.60° 1% Spirulina extract
0.35° 0.74¢ 2% Spirulina extract 3
0.35¢ 0.74¢ 1% Sargassum extract
0.43¢ 0.79¢ 2% Sargassum extract
0.101 0.211 0
0.131 0.31h 1% Spirulina extract
0.19hi 0.34¢h 2% Spirulina extract 6
0.20" 0.36& 1% Sargassum extract
0.29' 0.41¢ 2% Sargassum extract

L1 s e sl LSD 05e31 7 Jlaz| gl 02 S Rhe G S Ses gl Gl Sle gt o
In each column, means with at least one letter in common are not significantly different at LSD’s 1% probability
level.

(Nourzad ef al., 2014) 130 o &y jor _soned 5518 s 00 Il 31 30 Ylaom] 55 4 53 4 s (Sl yime SRS
QAJLEA@J;AJQLL}4;::.]'.:.«4)‘.,\.5.«:.:)‘:L5_<2.~.3°L:§O,wju@t}c@ﬁ&ﬁ@ﬂd#)bbja&iﬂwjhﬂﬁ
35S 03Tl e (gl 25 5 o ool o315 0L i (EL Haddad efal., 2022) 2L s 5 5 5 olS
@ ol pls (el Sul s AE 4 e s 53 S MG s Fe e badg pan ol gosd S L e L5
(Khan ef al., 2025) Al o ,2alS 5o s ams 55 5 4Bl 28l S ay e a0 g ol L2alS Lo
a8 N 0lae s olE 5 15 b s a glaay e Ol (Gupd A5 &S Adls 31l 555 G 53 50 (VYAY)  Sodel 5 e
2P o OeeST Jld Gladi S 0l 453 55 2 ROS Jlad 03T (sla 58 I 5 SRl 331 o (aes a5 a0
.(Munns & Tester, 2008) L 55 0 olS 53 5w g 2alS 5 4 e (Dl s IS Olaztles

Clae pudize gl fags 5l Lol @L:.ZL.H’S:JS\J&# sl 331 olS 53 by e Ol (6355 slasles L3 iass ol 5o
b sty GLalaSs, 5 olos Sile Cute 1 mass ol 5l edel s & slaams (Aggawal ef al., 2011) 5,5

@l:g' S a1y Sl 5 )8 31 s olS Wiy 5 03y Sl Bl el S e g NECN 5 Ss 5 g s e 0L

Crocus sativus -\

o4

Pl il 3 S


http://dx.doi.org/10.61186/fop.10.2.247
http://flowerjournal.ir/article-1-345-en.html

[ Downloaded from flowerjournal.ir on 2026-06-04 ]

[ DOI: 10.61186/fop.10.2.247 ]

YEA-TIV (Ve (0P F) s olalS 5 S

T3S 8 3 i A8 RS S Ll 8 Gl S mle 3,18 ke S aS das e 0L
.(Martynenko et al., 2016) <.

S ST s 5T

30 s> eS| g 5 3101y GV (sl 5T dlad Ol 2 558 5 (5058 (25 ol 31sls OLES uilyls 4 o ol
23 Sl ol e (S Ll S sl Sl e Sl Aoy S el a5 Ladllies O Jle esle e

(4 dsds) Cdls Hls e Cole Ao s = Ck..u

A8 55 ity ST BT o 5T Cdlid Ols 555 5 (5558 S35 sboles ST ilsly 4525 -8 Jsux

Table 9- Analysis of variance of the effect of salinity stress and fertilizer treatments on the activity of antioxidant
enzymes in pansy plants.

Sl e 5Sle )
_ REBIECSH S ct\.ﬂ
LT g5 o 36 s 1eST 1Sl NS
s T * ’ DF S.0.V.
Malondialdehyde Superoxide Dismutase Peroxidase  Catalase
3.0%% 12.5%* 12.5%% 45 3% 2 s
Salt stress
e
1.8%* 8.7** 8.7** 32.1%* 4
Seaweed
S X s S5
0.65* 3.2% 3.2% 12.4* 8 Salt stress
xSeaweed
e
0.22 1.5 1.5 5.8 30
Error
(ho3) Ol pudd o b
9.8 11.2 9.8 12.3 - T

CV (%)

Al o do s g 5 S e e s b pre Sl s w5

** and " indicate significance at the probability levels of 1 and 5%.

S S lapSile alio ol oS sk il (hI51 5 GIaST BT glag 5T cdled Olpee (25 s I3 L
5 G 3o ) ks (S5 08 SH5 55 30 s LenST g 5 310nST o GYBS o 5T Clad Ole oS ol

O dsd) s baolas plo Sl G psulS ol Sl o jlas Ao 5 5l ealizd
VB 0 3T S350 355 n VOIS 5T b Gl o S5 4y 53 o8 s Sl 3 i S g
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Table 10- Comparison of the average interaction effect of different treatments on morphophysiological traits of

pansy plant.
36 LS|
I S Slaest B4
Superoxide . Sox N
Dismutase Peroxidase Catalase
ismu B} ; . .
Sk 53 eyl a1y Pk 0 Bl A1) e S e 3 ST 1) (1002 255 et A i)
oS ke o3 ol s
. . Seaweed treatment (=
Enzyme ) ( .z Enzyme ) ( .z S
Enzyme ) (35 YIe Hios YIme Hios (%) .
nits ver me of units per mg of units per mg of Sahmtly stress
(plr)oteing (protein (protein (dSm™) NaCl
2.08" 38.004 0.27" 0
2.05h 36.00%% 0.20! 1% Spirulina extract
2.02h 33.334 0.171 2% Spirulina extract 0
1.88M 31.33! 0.14 1% Sargassum extract
1.681 30.50! 0.12] 2% Sargassum extract
4.87¢ 42331 0.42¢ 0
4.97% 46.33M 0.44fe 1% Spirulina extract
5.13¢ 48.33¢h 0.49¢ 2% Spirulina extract 3
5.20° 51.33f% 0.53¢ 1% Sargassum extract
5.30¢ 53.67¢ 0.60¢ 2% Sargassum extract
7.67¢ 55.67% 0.84°¢ 0
7.83¢ 59.33¢ 0.90°° 1% Spirulina extract
8.03% 62.00°¢ 0.92° 2% Spirulina extract 6
8.20° 63.67% 0.96* 1% Sargassum extract
8.632 66.67* 1.022 2% Sargassum extract

10l we o lis LSD & 5e31 /) ] o 53 S 2 G G S s 6l Sl pSSbe O g o 3

In each column, means with at least one letter in common are not significantly different at LSD’s 1% probability
level.

S 5 a5 g5 0w 25 B o S 15 35 e S b 53 Jaome (Sla 25 Aoy 4 AST s (sLa0 5
G0 opl W o Sl 1l 53 e 5l 53 immen b e 288 Al O a3 &S ol (S ST (65 cus
3 Slap 5T Ol 4SS 5 56 ponss ST g o 5T bl 3 i 53 305 0 Jshor (658 g0 55 O s
5 30 gem> ST g L;u,m-ﬂ e (a5l bl e a5l edel s @ =B alis AS| s O ol
e 3 s ol bl o SRS oS s O1 5l ool slagal 5 2l 33l ST s O 15 5gon SlbenST
Zhou ) S o A 55 05| 5 O cosls STy 18T s g 05T (SISl b VU Sl 0330 b 56 pomys AT e 25
S L lie sl by el S Wl e ame Sl iS S 3B ey deeST s (5151l by et al., 2019
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Figure 2- Comparison of the average interaction effect of salinity stress and fertilizer on malondialdehyde levels
in ornamental pansy. Means with at least one letter in common are not significantly different at LSD’s 1%
probability level.
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Il im0 8 Ol S D o Sl 2355 5 5058 205 ool s e sl SOy (3l w5208 gl
Saiime Ao s gy i 53 5 Sde Slis p oles 53l RSG5 3 Ao G e e 3 485 Wi s 0

S50 aiy pleard gy Slao 348 5 @) ab A Sk S Guills 4 -V o

Table 11 - Analysis of variance of the effect of salinity stress and fertilizer treatments on biochemical traits of

pansy plant.
Sl e S0k
@3l 4z e gl
B Jd Q‘_,\:A. ;f.;.j_"_gl”
EAESY e Dlider 5 S 2 s Gl DF SOV
Proline Soluble Carbohydrates Leaf Relative Water Content
45 2% 85.6%* 45 3% 2 T
Salt stress
Sl
32.1%* 42.3%* 32.1%* 4
Seaweed
S X s 5
12.4* 15.2* 12.4% 8 Salt stress X
Seaweed
e
3.8 6.8 5.8 30
Error
(J—ﬁ J) ol 2 (o D
10.5 7.2 11.2 ; T

CV (%)

ML@M)}@)&JL@T}'C]ﬁ»djéd)bwjilf\.@;ﬁb*};ﬁ

** and " indicate significance at the probability levels of 1 and 5%.
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Table 12- Comparison of the average interaction effect of different treatments on biochemical traits of pansy

plant.
03508 RS ke) dsbome Dldn s S R oedsd) Sz GRS
(Ko (1 ,3) (deo33) 555 slas G s
Soluble Carbohydrates (mg/g Leaf Relative Water Seaweed treatment (%) Salinity stress
DW) Content (%) (dSm™) NaCl
11.43¢ 75.50°¢ 0
10.10¢ 76.00° 1% Spirulina extract
8.43f 83.33° 2% Spirulina extract 0
7.60f 84.67% 1% Sargassum extract
5.608 88.332 2% Sargassum extract
15.43b¢ 52.33¢ 0
14.10° 54.67% 1% Spirulina extract
11.00% 62.00° 2% Spirulina extract 3
10.10¢ 64.00% 1% Sargassum extract
7.60° 67.334 2% Sargassum extract
18.332 45330 0
16.67° 47.67" 1% Spirulina extract
14.17¢ 54.67% 2% Spirulina extract 6
12.33¢ 55.33f% 1% Sargassum extract
10.27¢ 58.00° 2% Sargassum extract

L1 s e sl LSD 05e31 7 Jlaz| gl 02 S Rhe G S Ses gl Gl Sle gt o
In each column, means with at least one letter in common are not significantly different at LSD’s 1% probability
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Figure 3- Comparing the average interaction effect of salinity stress and seaweed on the proline content of pansy
plants. Means with at least one letter in common are not significantly different at LSD’s 1% probability level.
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Abstract

The use of seaweed extracts to mitigate the effects of environmental stresses in plants is of particular
importance. This study aimed to investigate the impact of seaweed extracts (Sargassum vulgare and
Spirulina platensis) on the growth, physiological, and biochemical characteristics of pansy (Viola
xwittrockiana) under salinity stress. Treatments included salinity stress at three levels (0 (control), 3,
and 6 dSm™! NaCl) and seaweeds at five levels (control, 1% and 2% Spirulina liquid extract, and 1%
and 2% Sargassum liquid extract). The results showed that salinity stress at 6 dSm™ significantly
reduced fresh and dry shoot weight, flower number and longevity, and photosynthetic pigments. Salinity
stress increased the activity of catalase, peroxidase, superoxide dismutase, malondialdehyde, soluble
carbohydrates, and proline, with the 2% Sargassum extract further enhancing these compounds. Among
the seaweed extracts, Sargassum had a more pronounced positive effect on all studied traits, with the
2% concentration being the most effective. Overall, the findings indicated that pansy is sensitive to
salinity stress, and seaweed extracts - particularly Sargassum - improved growth and metabolic
compound production, thereby alleviating the negative effects of salinity stress.

Keywords: Catalase, Flower longevity, Proline, Seaweed, Toxicity.
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