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Abstract

Introduction: Salinity stress is one of the most important abiotic stresses in the world that influence the plant growth
and productivity. The aim of this study was to investigate the effects of salinity stress (0, 75 and 150 mM) and foliar
application of nano TiO; and ZnO (0, 2 and 4 mg L-")on the growth and some physiological and biochemical traits of
Matricaria chamoniiila.

Methods: Salinity stress was applied in 3-4 leaf stage of plant under hydroponic conditions. The foliar spraying with
nanoparticle was done simultaneously with the initiation of salinity stress. 38 days after second foliar treatment, the plants
were harvested to study the desired traits.

Results: The highest flower dry weight was obtained in the NaCly X both concentrations of nano ZnO and TiO. The
highest concentration of chlorophyll a (20-50 %) was obtained in NaCly X both levels of ZnO and TiO; nanoparticles
and NaClrsmy X 4 mgl! nano ZnO. Malondialdehyde and proline content in plant increased at 150 mM salinity stress.

Conclusion: The results showed that the foliar treatment of TiO» and ZnO nanoparticles improved elemental content,
yield and total protein content of the plant under no-salinity, and 75 mM NaCl salinity conditions.
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Table 1- ANOVA for the effects of salinity stress and foliar application with nano TiO, and ZnO on biomass
and chlorophyll content of Matricaria chamomilla.

Source of df Chlorophylla  Chlorophyll b Aerial Part Dry Root Dry Flower Dry
Variation Weight Weight Weight
Salinity (A) 2 0.43" 0.24" 19 0.18™ 14

Foliar spray (B) 4 1.9 0.49" 18" 11" 17"

AxB 8 0.96" 0.28" 8.6 0.2™ 39™

Error 30 0.24 0.19 1.8 0.28 0.78
Coefficient of 12 13 8 4.8 6.7

variation (%)

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

2 Pl a1 g (59, dmST 0,550 b (bl Jekoxo 5 (590 (S Jalie Ol Sl (5a0lso dmnliio = Jgu>
«(Matricaria chamomilla) agsl oLS" Judg 1S slgsicmo g Sl (439
Table 2- Mean comparison for the interaction effects of salinity stress and foliar application with nano

TiO; and ZnO on plant dry weight and chlorophyll content of Matricaria chamomilla.

Salinity Foliar Spray Chlorophylla  Chlorophyllb  Aerial Part Dry  Flower Dry Weight
(mM) (mg LY (mg g'tFW) (mg gtFW) Weight (g) (Per Pot)
No salinity zero 1.0¢ 0.7¢ 1.9¢ 0.59°¢

No salinity 2 : Nano ZnO 152 0.9° 4.0 1.212

No salinity 4 : Nano ZnO 1.32 0.9° 4.78 1.302

No salinity 2 : Nano TiOz 1.32 1.02 4,00 1.102

No salinity 4 : Nano TiOz 1.42 0.9° 4.9% 1.302

75 Zero 0.84 0.64 1.4¢ 0.51°¢

75 2 : Nano ZnO 0.9¢ 0.7¢ 2.24 0.70°

75 4 : Nano ZnO 1.2a 0.85 4.3® 0.72°

75 2 : Nano TiO2 1.22 0.80° 2.54 0.70°

75 4 : Nano TiO2 1.1° 0.7¢ 2.34 0.68°
150 Zero 0.7¢ 0.3f 0.9f 0.30¢
150 2 : Nano ZnO 0.9¢ 0.5° 1.1 0.41¢
150 4 Nano ZnO 0.9¢ 0.64 1.0¢ 0.42¢
150 2 : Nano TiO2 1.0¢ 0.8¢ 1.1¢ 0.42¢
150 4 : Nano TiO2 1.0¢ 0.7 0.9¢f 0.43¢

*Significant differences among treatments are indicated by the different Latin letters based on Duncans test (P<5%). The
data of mean comparison table is the results of three replications.
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Figure 1- Mean comparison for the effects of foliar application with nano TiO;
and ZnO on root dry weight of Matricaria chamomilla.
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Table 3- ANOVA for the effects of salinity stress and foliar application with
nano TiO, and ZnO on protein and proline of Matricaria chamomilla.

Source of Variation df Protein Content Proline Content
Salinity (A) 2 5647* 5.6*
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Foliar spray (B) 4 2361* 4.9**
AxB 8 6854** 0.78ns
Error 30 874 0.74
Coefficient of variation (%) 11 3.8

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 stress and foliar application with
nano TiO, and ZnO on protein, H,O, content and catalase activity of Matricaria chamomilla.

Salinity Foliar Spray (mg L)  Protein Content  Catalase Activity H,0, Content
(mM) (mg g'tFW) (umol H,0, mg™* (umol g FW)
protein min?)
No salinity zero 151°¢ 27¢ 8.6°
No salinity 2 : Nano ZnO 165° 31¢ 7.6°
No salinity 4 : Nano ZnO 178° 33¢ 8.1°
No salinity 2 : Nano TiO: 190? 28¢ 7.2¢
No salinity 4 : Nano TiO2 1912 30¢ 7.0f
75 zero 152¢ 35¢ 19¢
75 2 : Nano ZnO 159¢ 37° 149
75 4 : Nano ZnO 1852 36° 124
75 2 : Nano TiO2 157°¢ 39° 149
75 4 : Nano TiO2 149¢ 37¢ 17¢
150 zero 1434 39° 29?2
150 2 : Nano ZnO 1514 452 23°
150 4 Nano ZnO 159¢ 452 22°
150 2 : Nano TiO2 148¢ 432 22°
150 4 : Nano TiO> 139¢ 4228 20°

*Significant differences among treatments are indicated by the different Latin letters based on Duncans test
(P<5%). The data of mean comparison table is the results of three replications.
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Figure 2- Mean comparison for the effects of foliar spray with nano TiO, and
ZnO on proline content of Matricaria chamomilla.
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Figure 3- Mean comparison for the effects of salinity stress on; a. proline, b.
MDA content, c. I1Cs index of Matricaria chamomilla.
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Table 5- ANOVA for the effects of salinity stress and foliar application with nano TiO;
and ZnO on physiological and biochemical traits of Matricaria chamomilla.

Source of df Calalase  ICsq Index H,O, Content MDA
Variation Activity Content
Salinity (A) 2 26" 3.7 27" 41"
Foliar spray (B) 4 18" 1.9 39" 21
AxB 8 26" 0.47™ 38" 19"
Error 30 6.8 0.19 11 33
Coefficient of 9.8 8 4.5 9.7

variation (%)
ns, * and ** indicate no significant difference and significant differences at 5 and 1% probability levels,
respectively
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Figure 4- Mean comparison for the effects of foliar application with nano TiO, and
ZnO on ICs of Matricaria chamomilla.
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Table 6- ANOVA for the effects of salinity stress and foliar application with nano -TiO, and nano-ZnO on
concentration of some mineral nutrients in Matricaria chamomilla.
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Source of df NContent P Content K Content Fe Content Zn Content Na Content K/Na Ratio

Variation

Salinity (A) 2 132" 903547" 86" 358478 47" 98" 15"
Foliar 4 151" 19543 121" 32154" 20m 18 5.8"
spray (B)

AxB 8 0.84" 18474 89" 12357* 26" 58™ 9.3”
Error 30 12 244521 14.3 5471 21 19 1.9
Coefficient 11 7 12 13 8 9 11
of variation

(%)

ns, * and ** indicate no significant difference and significant differences at 5 and 1% probability levels, respectively.
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Table 7- Mean comparison for the effects of salinity
stress on N and P content of Matricaria chamomilla.

Salinity (mM) N Content P Content
(gKg'DW) (g Kg'DW)

0 142 4,28

75 11® 3.9%

150 8.1° 3.1°

Significant differences among treatments are indicated
by the different Latin letters based on Duncans test
(P<5%). The data of mean comparison table is the
results of three replications.
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Figure 5- Mean comparison for the effects of foliar application with nano
TiO; and ZnO on nitrogen content of Matricaria chamomilla.
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Table 8- Mean comparison for the interaction effects of salinity stress and foliar application with nano

TiO2 and ZnO on concentration of some mineral nutrients (K, Fe, Zn, Na content and K/Na ratio) of
Matricaria chamomilla.

Salinity (mM)  Foliar spray (mgL™) K content Fe content Zn content Na content K/Na ratio
(9Kg'DW) (mgKg?DW)  (mgKg*DW) (mgKg*DW)
No salinity zero 17° 9874 164 5.2 3.20°
No salinity 2 : Nano ZnO 17.2b 1001¢ 262 4.9 3.50¢
No salinity 4 : Nano ZnO 17° 1032¢ 312 4.2 4.00°
No salinity 2 : Nano TiO: 19° 11242 25P 3.8 5.00°
No salinity 4 : Nano TiO2 232 12342 262 3.5 6.50°
75 Zero 144 845 13f 11.0¢ 1.18¢
75 2 : Nano ZnO 15¢ 9544 19¢ 9.8° 1.57¢
75 4 : Nano ZnO 15¢ 897¢ 22° 8.4° 1.80¢
75 2 : Nano TiO2 17° 1024° 179 8.9¢ 1.92¢
75 4 : Nano TiO2 18P 1135° 16.2¢ 8.8° 2.06¢
150 zero 9.2f 6981 9.3 18.12 0.50°
150 2 : Nano ZnO 10f 741° 15.7¢ 15.2b 0.66¢
150 4 Nano ZnO 10f 703f 18.2¢ 14° 0.71¢
150 2 : Nano TiO: 12¢ 987¢ 14.1° 13.3¢ 0.92¢
150 4 : Nano TiO» 134 1001° 13.9 13.5¢ 0.97¢

*Significant differences among treatments are indicated by the different Latin letters based on Duncans test (P<5%). The data of mean
comparison table is the results of three replications.
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