E-ISSN: 2538-2187 | P-ISSN: 2251-7901

The Quarterly Scientific Journal of Applied Biology ¢

https://jab.alzahra.ac.ir/ 9\

Vol. 38, No.1. (2025) Spring, 46-60 L3
https://doi.org/10.22051/jab.2025.46663.1618 " ?

. . . s"”—iﬁ;
Paper Type: Original Article ©

Evaluation of Salinity Stress and Foliar Application of Nano
ZnO, Fe and Se on Growth and Some Physiological Traits of
Gazania splendens L.

Aylar Sardarlou?, Lamia Vojodi Mehrabani™ =", Kambiz Azizpour?!

!Department of Agronomy and Plant Breeding, Azarbaijan Shahid Madani University, Tabriz, Iran;
*(Associate Professor: Corresponding author: vojodilamia@gmail.com).

Citation:
Sardarlou, A. Vojodi Mehrabani, L. & Azizpour, K. (2025). Evaluation of salinity stress and foliar
application of nano ZnO, Fe and Se on growth and some physiological traits of Gazania splendens L.

The quarterly scientific journal of applied biology, Volume 38 (Issue No. 1), PP. 46-60.

Received: 2024.03.10 Accepted: 2024.10.05

Abstract

Introduction: Ornamental plants growing in urban areas often face salinity stress.

Methods: To evaluate the effects of foliar application of nano ZnO, Fe, and Se (zero and 2 g L!) and NaCl salinity stress
(0, 100, 200 mM) on Gagania splendens L.; a factorial experiment was conducted based on completely randomized designs
in Research Greenhouse of Azarbaijan Shahid Madani University, Iran.

Results: The results revealed that highest aerial parts dry weight was recorded at no salinity and 100 mM NaCl X nano Fe
and ZnO foliar spray. The number of flowers (4) increased under no salinity + ZnO and Fe foliar spraying and 100 mM
salinity stress + iron nanoparticle foliar application. The Na content, ion leakage, H2O> content and malondialdehyde
content were the highest at NaCl 200 my X no-foliar spray. Catalase activity was increased in NaCl 100 mm X nano Se and
ZnO foliar application.

Conclusion: The results showed that salinity had adverse effects on the studied traits of Gazania splendens 1.. However,
foliar spraying with ZnO and iron nanoparticles had a positive effect on the enzymatic and non-enzymatic antioxidants
activity, and aerial parts dry weight specially under 100 mM salinity stress. Overall, Gazania plant was able to withstand the
salinity stress of 100 mM.
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Figure 1- Cultivated Gazania splendens L. plants in present study
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Table 1- The analysis of variance for the impact of salinity and foliar sprays on growth, flower and chlorophyll
parameters in Gazania splendens L.

Source of df Rootdry  Arial parts Flower  Flowering Flower Flower Chlorophyll
Variation weight dry weight number stem length  fresh weight  diameter index
Salinity (A) 2 0.008* 0.9ns 3.3* 47* 0.54* 0.71ns 147*

Foliar spray (B) 3  0.019** 1.7* 0.95* 28* 0.65* 11* 234*

AxB 6 0.0011* 1.1%* 0.87* 1.8* 0.47* 1.5ns 48.8*

Error 24 0.0001 0.09 0.19 0.26 0.12 0.18 1.6

C.V. (%) 11 9 8 10 11 6.2 9.5

el 0o )3 50 Jleiol mha )0 Iy sime g lo sae Sglis pas odias LS S 5 4 sk g 3 NS

ns, * and ** indicate no significant difference and significant differences at 5 and 1% probability levels, respectively.

W5 (K599 78 L ykelyby (B 32 g oy 2 (AL Jglno 9 5)ed i ilie O 5T (iSlo dunnlio - Jgur
Table 2- Mean comparison for the interaction effects of salinity and foliar spray on growth and some physiological
parameters of Gazania splendens L.

NaCl Foliar Rootdry Arial partsdry  Flower Flowering Flower fresh  Chlorophyll
(mM) spray weight (g pot) weight (g pot?) number stem length  weight (g) index (SPAD)
0 0 0.21+0.01c 0.7£0.02c 2.0£0.08c  8.5+0.01c 2.1+0.05b 15.2+0.01c
0 Se 0.19+0.00d 0.98+0.02b 3.0£0.08b  8.4+0.02c 2.4+0.10b 16.3+0.21c
0 ZnO  0.29+0.00b 1.24+0.01ab 4.0+0.08a  11.2+0.01b  3.7+0.11a 20.9+0.27a
0 Fe 0.38+0.02a 1.6+0.02a 4.0+0.08a  14.2+0.00a  3.8+0.0la 23.240.34a
100 0 0.17+0.01d 0.6+0.01d 2.0£0.08c  8.0+0.18c 1.9+0.21c 13.1+0.02d
100 Se 0.21+0.03c 1.0+0.05b 2.0+0.08c  9.2+0.20c 2.1+0.11b 18.94+0.05b
100 ZnO  0.28+0.07b 1.2+0.06ab 3.0+0.08b  10.8+0.11b  2.8+0.03b 19.240.78b
100 Fe 0.27+0.09b 1.5+0.02a 4.0+0.08a  14.0£0.31a  2.9+0.02b 21.6+0.12a
200 0 0.12+0.00e 0.5+0.08d 1.5+0.08d  5.7+0.18d 1.4+0.00d 9.740.12e
200 Se 0.17+0.04d 0.7+0.01d 2.0+0.08c  9.5+0.48c 1.5+0.01d 11.6+0.28d
200 ZnO  0.20+0.01c 0.9+0.02b 2.5+0.08bc  10.8+0.28b  1.6+0.02c 10.940.124d
200 Fe 0.24+0.01bc 1.1+0.01b 3.0£#0.08b  11.1+0.18b  1.5+0.00d 14.9+1.00c

ol (P 10) LSD (5031 bl g ylol ls sine Bz osims i g ,o 50 calizee g

Different letters with in each column indicate significant differences based on the LSD test (p < 0.05).

5L b e Olao

ol Jol> gl () Jguz) ols 1,3 ).ul) cos |y U5 50059 9 eoms J5 Bl Job (J5 slaws iolesl slo,les Jolie ol 31
o2l Sl dsle b Yoe oo Voo (6)00 i e g 0l 5 3y slodgil SBLslme b ()9 (A5 g e 45 ol
dae VB 4y J5 olaws ralS coge ool Joloee g0y dasl i 0 Vo Lo Voo (6590 (i .ol olS jo IS olaws iuli8l Coge
Naaheo Voo (608 G5 5 6598 G5 9 dulpd jo ool 0356 b (i Jslme (slajles )3 eains JS aBle Job i
S5 5055 reS b eaalie (81 5 (55, sloe, 35l (SBbJslne b 5,90 (25 9 lord )3 U5 039 e 28k 3B
A5l cod 5 S8 (Y Jgaz) b sanlive 3L Jslre s Laalpd )0 Vae oo Yoo (5508 (i3 5 G55 s ot )0
o a gl VIV &y 5 18 al3dl e 0] 0,35 b il Jolomo Jlass 0 Jaa) <55 1,5 il Jolono ot Jis
3 3 paeieb lan 35 U Bl Jolome (s o5 U5 e I 31 it oalie Gl ¥IA) sl 13 5 Lab s 5
Olg [30] 5,5 S gty oLS 5 Shoe 5 o) Sgute 41 (595 LS ot pawibio 0,3536 b ik Jeloe (¥ JSb) auis sumlive
Srmgid slooySi) Slyime Ghals ol o a5 wib oo hals S )3 95250 (5)5d i 51 50 oS Lialy g (o) 0,
131] ceul olS o (5 o] wedaid 9 ol 5l i 9 LIS sl e Bdo (gl (65,5 B g 0l (65, a0 s sl Sy




Gazantasplendensi. ;) O)>gib b b glxo (5 9 i il [ Ol)Son o PULy™

Oezed 0,00 |y Wgd oo olS jo ol Joli8l Coge aS (G ez 9 ST Gﬂ SlaS 5 hSad jo owlol (i85 (55, 0,34
le.ﬁbu.u.u )J‘)J )J Jj.l.w J.A.?U U’““"‘)S‘ 4.; 9 AW L......C O)S.Lo.c 09...9‘4 90 u...bs)a s.\...]y ‘LM.A-: LS)L‘\’L LY) ;5«,5 Lu S99y o).)yl.:
[32] s o S (S334)657

10
a
b b
c
6
2 I
0
no-foliar Se Zn0O Fe
NaCl (mM)

Flower diameter (cm)
S

W3 ol yo S b 1 obly Jaloxs b (raSiloo dmmliio Y S
Figure 2- Mean comparison for the effects of salinity on flower diameter of Gazania splendens L.
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Table 3- The analysis of variance for the impact of salinity and foliar sprays on some physiological characteristics of
Gazania splendens L.
Source of Variation df  Electrolytes Leakage Malondialdehyde content  H,O, content

Salinity (A) 2 2124% 1123* 245.1*
Foliar spray (B) 3 b4r* 246* 1574%*
AxB 6 21%* 47* 248*
Error 24 6.2 2.1 35
C.V. (%) 8 6.7 10.3

el 0o )3V 50 Jloisl mlaw )0 Iy gixe 5 )lo sne Sglis pas odims LS S 5 4y ik g 8 NS

ns, * and ** indicate no significant difference and significant differences at 5 and 1% probability levels, respectively.
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Table 4- Mean comparison for the interaction effects of salinity and foliar spray on growth and some physiological
parameters of Gazania splendens L.

NaCl (mM) Foliar spray  Electrolyte Leakage (%) gzrr?él mg’ FW) mﬁ:grg:glld 'e::%;ie content
0 0 1740.011e 97+1.48¢ 8.1+0.22¢
0 Se 12+0.05f 67+1.22¢ 5.3+0.04e
0 zZn 15+0.02e 89+0.98¢c 6.2+0.06e
0 Fe 17+0.21e 90+0.22¢ 5.7+0.11e
100 0 32+0.04c 154+0.48b 17.2+0.07c
100 Se 21+0.09d 132+0.32b 11.3+0.38d
100 zZn 25+0.17d 141+1.21b 12.9+0.25d
100 Fe 24+0.01d 149+2.00b 12.5+£0.17d
200 0 49+1.21a 198+0.88a 29+0.07a
200 Se 31+1.15¢ 137+0.49b 18.5+£0.09c
200 zZn 39+0.98b 144+0.58b 21.2+0.10b
200 Fe 41+0.41b 152+1.42b 23.1+0.21b

<l (P 10) LSD (5031 bl g lel ls sine Bz osims i i ;o 50 aliee g,

Different letters within each column indicate significant differences based on the LSD test (p < 0.05).
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Table 5- The analysis of variance for the impact of salinity and foliar sprays on the antioxidant enzymes activity and
proling, phenolics and flavonoids content of Gazania splendens L.

Source of df Catalase  Superoxide Proline  Total phenolics  Flavonoids
Variation activity  Dismutase Activity  content  content content
Salinity (A) 2 96* 11458* 1.9* 31* 2.8*

Foliar spray (B) 3  42* 1047* 2.85%  16.9* 3.2*

AxB 6 5.4* 987* 0.365*  3.9* 2.1*

Error 24 1.2 42* 0.011 0.21 0.87

C.V. (%) 7.2 9.1 11.8 5.9 6.7

el 0o )3V 50 Jloisl mlaw )0 Iy gixe 5 ¢)lo sne gl pas odims LS S 5 4y ik g 8 NS

ns, * and ** indicate no significant difference and significant differences at 5 and 1% probability levels, respectively.
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Table 6- Mean comparisons for the interaction effects of salinity and foliar sprays on enzyme activity and proline content
of Gazania splendens L.

AN

NaCl  Foliar _Chlorophyll Sup_er_oxide !Dismutase Catalase activity  Proline Total phenolics  Flavonoid
(mMM)  application index Activity (units mg* (umol H,O,mg*  content content content
(SPAD) protein mint) protein Min™) (umol gt FW)  (umol g FW) (umol g FW)
0 15.240.01c 8.6+0.03e 9.3+0.13e 0.18+0.017e 6.9+0.04f 1.2+0.000c
Se 16.340.12¢c 10.2+0.09d 12.9+0.09d 0.29+0.021dc ~ 8.7+0.01c 2.9+0.011b
Zno 20.9+0.04a 8.4+0.10e 13.940.02cd 0.24+0.011d 9.3+0.02¢c 2.4+0.017b
Fe 23.2+0.09a 9.7+0.07d 11.840.17d 0.31+0.04c 11.4+0.05¢c 3.5+0.001a
100 0 13.1+0.18d 19.940.02¢c 15.3+0.14c 0.57+0.021b 8.5+0.01c 1.940.07c
100 Se 18.940.21b  28.7+0.06a 19.5+0.03a 0.64+0.09b 12.840.17c 2.9+0.01b
100 Zno 19.240.28b 18.2+0.03c 20.3+0.01a 0.59+0.013b 13.240.18b 2.4+0.06b
100 Fe 21.6+0.14a 21.3+0.09b 17.84+0.07b 0.63+0.011b 14.8+0.03a 2.3+0.001b
200 0 9.7+0.08e 21.2+0.11b 14.6+0.05¢ 0.89+0.000a 10.340.04c 0.9+0.000d
200 Se 11.640.09d 29.5+0.34a 15.9+0.01c 0.92+0.0618a  13.8+0.01b 1.5+0.006¢
200 ZnO 10.940.04d 21.9+0.02b 18.4+0.04b 0.88+0.028a 12.7+0.03c 1.2+0.008c
200 Fe 14.9+0.19c 23.4+0.16b 17.940.10b 0.94+0.21a 13.2+0.01b 1.0+0.09¢c

<l (P 70) LSD (5031 bl g yLel lo sine Bz onims i g 5o 50 aliee g

Different letters with in each column indicate significant differences based on the LSD test (p < 0.05).
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Table 7- The analysis of variance for the impact of salinity and foliar spray on the elemental content of Gazania splendens
L

Source of Variation df Ncontent Pcontent Kcontent Zncontent Fecontent Nacontent K/Na

Salinity (A) 2 09ns 8.6* 34* 2.1% 0.17* 127* 45%
Foliar spray (B) 3 57* 0.51ns 514% 0.98* 0.42* 59% L.1ns
AxB 6  2.6* 0.88* 112%* 0.56* 0.059* 29* 0.24ns
Error 24 0.8 0.0.14 9.3 0.19 0.005 2.8 2.9
CV. (%) 5.2 8 31 2.8 6.1 7.9 5.8

el 0o )3V 50 Jloisl mlaw )0 Iy gixe 5 )lo sne Sglis pas odims LS S 5 4y ik g 8 NS

ns, * and ** indicate no significant difference and significant differences at 5 and 1% probability levels, respectively.
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Table 8- Mean comparison for the interaction effects of salinity and foliar spray on elemental content of Gazania

splendens L.

NaCl Foliar spray N content P content K content Zn content Fe content Na content
(mM) (gL (gkg'DW) (gkg'DW) (gkg'DW) (mgkg'DW) (mgkg'DW) (mgkg'DW)
0 0 29+0.01b  4.3x0.08b 28+0.11c 3.1+0.00c 19.2+0.10c 3.1x0.00d
0 Se 3.1+0.02ab  5.4+0.00a 39+0.02a 3.9+0.00b 25.9+0.09b 2.0+0.06d
0 Zn 3.6+ 0.04a 4.140.02bc ~ 31+0.00b 5.1+0.00a 23.7£0.02b 2.1+0.21d
0 Fe 4.1+ 0.05a 4.6x0.06b 33+0.00b 3.4+0.02b 39.8+0.35a 2.5+0.07d
100 0 2.3+ 0.01bc  4.0+0.00 21+0.11d 2.3+0.01d 14.2+0.24d 15.6+0.00c
100 Se 2.7+ 0.01b 4.940.03b 31+0.02b 2.940.11c 23.9+0.01b 12.1+0.05¢c
100 Zn 3.4+ 0.00a 4.6+0.01b 21+0.04d 3.9+0.04b 18.4+0.05¢c 13.2+0.13c
100 Fe 3.9+ 0.03a 4.3+0.00b 26+0.01c 3.1+0.02b 28.9+0.15b 13.4+0.05c
200 0 1.7+ 0.00c 2.1+0.00c 14+0.01f 1.9+0.00e 11.3+0.00e 35.1+0.08a
200 Se 25+ 0.02bc  3.7+0.07bc 19.5+0.12¢  2.5+0.00d 18.7+0.17c 21.6+0.09b
200 Zn 2.9+ 0.07b 2.9+0.08c 14.3+0.03f 3.4+0.05b 14.2+0.1d 24.9+0.15b
200 Fe 2.4+ 0.00bc  2.4+0.05c 18+0.18e 2.9+0.00c 21.3+0.11b 27.3+0.21b

el (P 10) LSD 3031 bl g ylo] ls sine Bz osims i (g o 50 calizee gy

Different letters with in each column indicate significant differences based on the LSD test (p < 0.05).
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Figure 3- Mean comparison for the effects of salinity stress on K/Na ratio of Gazania splendens L.
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