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Table 1- Components and amounts of Hoagland's solution used.
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Potassium Nitrate (KNO3)
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Calcium Nitrate Tetrahydrate (Ca(NO3)2+4H20)
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Ammonium Dihydrogen Phosphate (NH4sH2PO4)
| Shyder Lo o 5e Oy

Magnesium Sulfate Heptahydrate (MgSO4+7H20)
5 ey LIS

Potassium Chloride (KCl)
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Boric Acid (H3BO3)

5 St 5 580 Ol s

Manganese Sulfate Monohydrate (MnSO4+H-0)
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Zinc Sulfate Heptahydrate (ZnSO4+7H20)
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Table 2- Specifications of Seaweeds used in the research.
Spirulina Seaweed
(¢S o) Sl S (p5 o) Sl S5
Amount (mg) Compound Amount (mg) Compound
L A el
2000 e 375 il
Potassium Vitamin A
o Bl sl
500 i 117 i
Magnesium Vitamin B1
(WJS B2 -l
333 : 66.4 i
Calcium Vitamin B2
-l B3 .l
217 - 33.13 i
Iron Vitamin B3
g B6 - .l
13 1000 i
Manganese Vitamin B6
’ BI2 el
3 < 300 il
Zinc Vitamin B12
30 p o 7 E oeln
Selenium Vitamin E
K1 sl
133 e 2000 e
Chromium Vitamin K1
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Sargassum Seaweed

(Ao y3) Slaas S5 (Ao y3) Slaas S5
Amount (%) Compound Amount (%) Compound
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4.47 e 35.02 e
Potassium Carbohydrate
» EU A
0.65 e 6.11 Sl e
Magnesium Total Amino Acids
IRy Lol Ko el
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Sulfur Alginic Acid
kS Jsule
0.28 § 423 -
Calcium Mannitol
N b
0.02 > 0.04 o
Iron Betaine
N LS|
0.0012 e 0.02 )
Manganese Auxin
0.01 S 0.02 RS
Zinc Cytokinin
o 053 54
0.0046 s 2.83 o
Boron Nitrogen
2.60 -
Phosphorus
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Table 3- Analysis of variance of the effect of different treatments on the physiological traits of pansy plants.

Sl e 5SLe
65'51 a5y ey GL:A
S ga pl | St 0 sl ea al Sl 505 G g el
slo e 9 AT N S Y »t DF SOV
Dry weight of shoot Fresh weight of shoot ~ Plant height
52 3% 480.5%* 1250.8%* 2 T
Salt stress
S
28.9%* 320.6** 680.3** 4
Seaweed
gg_?,k? X 6 5 P
8.7% 95.4% 215.6* 8 i
Salt stress xSeaweed
U
1.9 18.6 452 30
Error
(U y3) Sl i s 5
6.8 72 8.5 ; T

CV (%)

Al o gy 5 G el e s (ol Sl e TS

* 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.
(6,5) lsn il 2 035 (6,5) alsn plil 5 055 (Ae)0) Sl e (o i3 omd) Gogt 5
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° 33.83° 2% Spirulina extract 0
12.17° 35.33b 1% Sargassum extract
15.67* 45.67* 2% Sargassum extract
6.10f 18.67 0
7.509% 23.50°f 1% Spirulina extract
8.10°d 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
6.17t 19.00h 1% Spirulina extract
6.67° 20.33¢h 2% Spirulina extract 6
7.509% 22.67%h 1% Sargassum extract
8.83¢ 24.83¢t 2% Sargassum extract

Al Sl e 3l LSD & 5031 ) Jlazr! gala 3 S 2 b G pSites sl slagnSilee 0yt 2

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 S G 3 ol U SEE 5 5055 SRS e 4 L) RS oS Wiy Lials
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Table 5- Analysis of variance effect of the effect of different treatments on reproductive traits of pansy plant.

Slae Sk
dslj 4, S C_»l;.a
Y J $ L $ slaws S Ol
s I S # S DF S.0.V.
flower lifespan  Flower diameter ~Number of flowers  Flowering time
6.5%* 0.45%% 12.8%* 85.6%* 2 T
Salt stress
Sl
4.2%* 0.32%* 8.5%* 42 3% 4
Seaweed
S x 45 S5
1.8% 0.10* 3.1% 15.2* 8 Salt stress
xSeaweed
U
09 0.04 1.5 6.8 30
Error
(Az 33) ol oS s o
12.1 8.9 11.5 7.2 - T

CV (%)

.JVJZ\{_;«M)J@,&Ju;;-lcla,ﬂjatg)lswﬁg%;g*jw

** 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.
Foedb O ER gl G e 5o
Ga) (CS) S , - (A0)3) Sr s (o 2 ooz ls)
Number of Flowering 0
Flower Flower flowers time (days) Seaweed treatment (%) Salinity stress
lifespan (days) diameter (cm) (dSm™") NaCl
9.73¢de 2.22def 9.674 70.331% 0
11.17% 2.40¢d 11.50¢¢ 68.33¢h 1% Spirulina extract
11.500 2.90° 12.50b° 65.00" 2% Spirulina extract 0
12.83% 3.372 13.83% 61.00 1% Sargassum extract
14172 3.472 15.50? 57.33i 2% Sargassum extract
5.60" 1.95% 4.47M 82.67° 0
7.50¢h 1.981 5.77¢ 79.00°¢ 1% Spirulina extract
8.17¢f% 2.17%f 6.70% 76.33¢ 2% Spirulina extract 3
8.60%" 2.37¢cde 7.93¢f 73.33¢f 1% Sargassum extract
10.83bed 2.73be 9.604¢ 67.67¢" 2% Sargassum extract
3.00 0.781 0.60k 90.332 0
5.83¢h 1.32h 1.80% 87.332 1% Spirulina extract
6.50f" 1.75¢ 2.13k 82.33b 2% Spirulina extract 6
6.50"" 2.02¢f 3.471 77.67% 1% Sargassum extract
7.83¢h 2.13%f 5.13¢hi 74.33% 2% Sargassum extract

L1 s e sl LSD 05e31 7 Jlaz| gl 02 S ie G S Sees s Sl Sle gt o
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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Sy M Sole S o Gl A e 5o 5 2l Sole e mE e sl S e s S
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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.

Sla e Sle .
63l as s RS C.’t“‘
b ., a4
e e DF S.O.V.
Chlorophyll b Chlorophyll a
Gosd
0.32%* 0.85%* 2 T
Salt stress
S
0.15%* 0.42%* 4
Seaweed
Sl X 6y pd
0.06* 0.15% 8 T
Salt stress xSeaweed
U
0.03 0.08 30
Error
(J\—.ﬂ J) ol WW — 5
10.5 9.1 - 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 8- Comparison of the average interaction effect of different treatments on the amount of photosynthetic
pigments in pansy leaves.

Chlorophyll b Chlorophyll a (4o 3) el Sl Lt i) o
(G oss e np Sk (50558 e Sk Seaweed treatment (%) Salinity stress (dSm™)

(mgg! FW.) mgg' F.W.) Nacl

0.46% 1.18¢d 0

0.51¢d 1.12¢ 1% Spirulina extract

0.56% 1.22% 2% Spirulina extract 0

0.60° 1.27% 1% Sargassum extract

0.68? 1.302 2% Sargassum extract

0.24¢h 0.57¢ 0

0.28¢ 0.60f 1% Spirulina extract

0.35f 0.74¢ 2% Spirulina extract 3

0.35° 0.74¢ 1% Sargassum extract

0.43¢ 0.79¢ 2% Sargassum extract

0.10 0.211 0

0.131 0.31h 1% Spirulina extract

0.19M 0.34¢n 2% Spirulina extract 6

0.20h 0.36% 1% Sargassum extract

0.291 0.41¢ 2% Sargassum extract

Il e 3l LSD 05a31 7Y Jlast 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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Table 9- Analysis of variance of the effect of salinity stress and fertilizer treatments on the activity of antioxidant
enzymes in pansy plants.

Sle e xSl _
- &3l a= s S C_»l;a
Ll s 0l 30 ganas deenST s SlaSt LS
s T . ’ DF S.0.V.
Malondialdehyde Superoxide Dismutase ~ Peroxidase  Catalase
308 12.5%% 12.5%%  453%% 2 $ort
Salt stress
S
1.8%* 8.7** 8.7%* 32.1%* 4
Seaweed
S x (g8 A5
0.65* 3.2% 3.2% 12.4% 8 Salt stress
xSeaweed
s
0.22 1.5 1.5 5.8 30
Error
(A 33) O oS o o
9.8 1.2 9.8 123 ; T

CV (%)

il e o gy 5 G el a3 ol e Sl s

** and " indicate significance at the probability levels of 1 and 5%.
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Table 10- Comparison of the average interaction effect of different treatments on morphophysiological traits of

pansy plant.
3G |
30 o3 Ao o Sl s
S d ‘ osb 5
l;lll: frl;zfalsee Peroxidase Catalase e
PRV oS e 53 el A1) 6;&")55"151-*’@ (Asy3) 555 Sles 2 e smd)
- : 5
£ 23 e Enzyme ) (.5, Enzyme ) (-5 Seaweed treatment (e
Enzyme ) (.55, il ik (%) ini
nits per me of units per mg of units per mg of Sa 1n1t1y stress
uni .
(plr)oteing (protein (protein (dSm™) NaCl
2.08h 38.00 0.27h 0
2.05h 36.00% 0.20 1% Spirulina extract
2.02h 33.33K 0.17i 2% Spirulina extract 0
1.88M 31.33! 0.14 1% Sargassum extract
1.68! 30.50 0.12 2% Sargassum extract
4.87¢ 42.331 0.42¢ 0
4.97'% 46.33M 0.44" 1% Spirulina extract
5.13¢f 48.33¢eh 0.49¢f 2% Spirulina extract 3
5.20¢ 51.33f 0.53¢ 1% Sargassum extract
5.30¢ 53.67¢ 0.60¢ 2% Sargassum extract
7.67¢ 55.674% 0.84¢ 0
7.83¢% 59.33¢d 0.90b¢ 1% Spirulina extract
8.03b¢ 62.00% 0.92° 2% Spirulina extract 6
8.20° 63.67% 0.96% 1% Sargassum extract
8.63° 66.67° 1.022 2% Sargassum extract

L1 s e sl LSD 05e31 7 Jlaz| gl 02 S ie G S St gl Sl Sle gt o
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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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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Table 11 - Analysis of variance of the effect of salinity stress and fertilizer treatments on biochemical traits of

pansy plant.
Sle e ks _
. &3l a= s S C_»l;a
RARE J Sl s S ol s Gl
52 e Dl S 22l o Slgme . SOV
Proline Soluble Carbohydrates Leaf Relative Water Content
opd i
45.0%% 85.6%* 45.3%x 2 T
Salt stress
S
32.1%* 42 .3%%* 32.1%* 4
Seaweed
S x (g8 A5
12.4* 15.2% 12.4* 8 Salt stress X
Seaweed
s
3.8 6.8 5.8 30
Error
(-Lﬁ }) CJ‘ x5 — 5
10.5 72 1.2 - T

CV (%)

.JVJZ\{_;«M)J@,&Ju;;-lcla,ﬂjatg)lswﬁg%;g*jw

** 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.
O35 05 2 e S k) Jloms Slidn s S S5 2l e Sy o) st S
(Kot (Ao3) (12 2) 25 e (o »
Soluble Carbohydrates (mg/g Leaf Relative Water Seaweed treatment (%) Salinity stress
DW) Content (%) (dSm™) NaCl
11.434 75.50° 0
10.10¢ 76.00° 1% Spirulina extract
8.43f 83.33° 2% Spirulina extract 0
7.60° 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
7.60f 67.33¢ 2% Sargassum extract
18.332 45330 0
16.67° 47.67" 1% Spirulina extract
14.17¢ 54.67% 2% Spirulina extract 6
12.334 55331 1% Sargassum extract
10.27¢ 58.00f 2% Sargassum extract

Il re 3l LSD 05a31 7Y Jlazd o 55 S 2o G S oS 1ol lapSile 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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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.
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