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Abstract

Introduction: Titanium dioxide nanoparticles (TiO,NPs) generally have positive impacts on the growth,
biochemical, and physiological characteristics of plants. Salinity is one of the major environmental
factors that limited the growth and production of most crops due to the different plant species and growth
stages. Under salinity, ions, mostly Na* and CI", accumulate in the tissues of plants and cause significant
physiological disorders and reduction in plant growth and development. Therefore, using different
methods for reducing the harmful effects of salinity is very important. Various ameliorating agents such
as nanoparticles (NPs) have been used for combating various abiotic stresses like salinity. Calendula
officinalis L. (marigold) is an annual ornamental and medicinal plant from Asteraceae family that widely
cultivated for different purposes like producing industrial products in culinary, pharmaceutical, and
cosmetics industries.

Material and methods: This study aimed to evaluate the effects of TiO,NPs on biochemical and
physiological parameters of marigold (Calendula officinalis L.) under NaCl stress. Treatments included
TiO,NPs applied as foliar spraying in three levels (50, 100, and 200 mg/L), no foliar application as
control, and different NaCl levels (0, 30, 60, and 90 mM) by adding NaCl into irrigation water. The
studied traits were included height, number of brunches, Number of flowering branch Number of flowers,
Flower diameter, Total flower fresh weight, Total flower dry weight, Flower yield, Leaf area , Plant
fresh and dry weight, Root fresh and dry weight, Root length and volume and element content (N, P, K,
Fe, Mn,Mg,Ca, Zn, Na, Ti). Statistical analysis was performed using JAMP 13software. The mean
comparison was done by LSD test at the 5% probability level.

Results and discussion: According to the results, with increasing salinity, the growth characteristics of
the plant decreased and the application of TiO,NPs, especially in 200 mg/L level, improved these traits.
In addition salinity affected the nutrient uptake of the plant. Application of TiO,NPs improved the
nutrient uptake of marigold under NaCl stress. Also, TiO,NPs mitigated the detrimental effects of salinity
on the studied traits which were decreased under different NaCl concentrations. Among different applied
TiO,NPs levels, 200 mg/L is more effective than the other concentrations.

Conclusions: The stimulatory effect of foliar application of TiO,NPs under NaCl stress on enhancing
growth characteristics and nutrient uptake of marigold were observed in this study. At the higher NaCl
levels, the negative effects of NaCl on plant growth were observed. The application of TiO,NPs had
different effects on the studied traits. In most cases, 200 mg/L TiO,was the most effective concentration
to mitigate the negative effects of salinity. In addition, TiO, helped the plants to resist NaCl stress and
mitigate the harmful effects of salinity. On the other hand, proper osmoprotectants and antioxidants may
induce the synthesis and accumulation of bioactive naturally compounds. Based on the findings of this
study, it is concluded that foliar application of TiO,NPs under NaCl stress can alleviate the deleterious
effects of salinity and also improved the growth of marigold by increasing the nutrient element content
such as Fe, Mg and N that effective in chlorophyll synthesis.
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Table 1. The results of used soil analysis in this research
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2. Analysis of variance (Mean of squares) the interaction effect of salinity stress and titanium dioxide on Table
morphophysiological characteristics of Calendula officinalis L.

Total Total
Mean r

Number ean Squared wer flower flower Flower Leaf Plant Plant Root Root Root  Root
S.0.V  DF Heightof NumberofNumberdiameterfrESh dry ield  area fresh dry  fresh dry lenath  volume

branchesfiowering of weight weight” weight weightweight weight 9

branch flowers

Salinity 3 33.26™ 2.39™  12.41" 452" 015" 070" 0.00™ 36.24™ 28401 687.11" 478" 137.6” 548" 6595”7 955"
Titanium x o . o o o . . o ox o - o o o
dioxide 3 41497 483 124.58 42917 1115 074 001" 466.08™ 202631 987.67" 15.85" 1618.88"" 23.65" 880.85" 1471.06
Salinityx
Titanium 9 3.82" 156"  11.58" 7747 0097 0717 0017 31677 592117 146.78" 1.63” 167.247 118" 91.93" 97.41"
dioxide
Error 32 037 05 1.21 1 0.03 0.02 000 037 014 001 05 0.06 7.67 1.27

)\)JMQ)UJrJ&)M;bOgM)éggﬂC]a.u)é)bw%J:@*'

** * Significant at the 1% and 5% probability levels, respectively

Slhpdiood (S 59098 90 Gluogas 1 pauilind ST 63 9 Gygb S Jliio OI 1 (a0l dunnlio .Y Jgur
Table 3. Mean comparison of interaction between salinity and titanium dioxide on morphological traits of

marigold
sty G i Nomterof U Nomberor GEISE 1o IO o e g D D
(mg/L) branch (cm) (g/plant)  (g/plant) (g/plant)  (g/plant)
0 18.83e-g° 433a-d 500ce 800fg 440¢ 334e 0.75¢ 9.06 gh 885.42b  32.10f 3.25fg
0 50 21.17b-d  367cd  267e 13.00de 6.40a 444cd  0.80b 19.87ef  546.57gh 32.20f 3.66¢€
100 21.67b-d  3.00d 4.33 de 17.67a-d 600ab  6.45a 0.94a 25.45de  742.85e 32.80f  4.55cd
200 20.00cf 533ad 10.00ab  1533b-e 597ab  6.83a 0.98 a 22.81de  956.86a 59.55a  6.59a
0 17.67gh  400b-d 3.00e 6.33 9 320¢ 3.28e 0.59 d 486 h 537.29gh 27.83g  3.05g
30 50 20.50c-e  400b-d 533ad 13.67ce 6.10ab  377e 060cd  20.89e 74390e  39.95d 345f
100 2267ab  500a-d 10.33ab 22.00a  6.00ab  4.05d 0.75¢ 34.61bc  94951a 4359c  355ef
200 2450a 433a-d  11.00ab  19.33ab  6.07ab  4.20d 0.87b 34.04bc  756.56de 57.60b 6.11b
0 16.17hi  4.0b-d 533ce 3679 407c 2,98 042e 381h 529.68h  26.87g  276h
60 50 1850fg  567ac 767bd 1667b-e 587ab  3.17e 0.55de 24.61de  577.84g 27.85g  293gh
100 19.07e-g 433ad 833bc  16.33b-e 573b 552b 0.67cd 28.35cd  721.05ef 29.859  3.22fg
200 21.17b-d  6.00ab  10.00ab  20.00ab 6.03ab  6.70a 0.90 a 4344a  917.12ab 37.86e  4.24d
0 15.17i 400bd 300e 5.00 g 400c 258 035 f 499h 424881  2217h 237
90 50 17.77¢h  467ad  3.00e 13.33ce 590ab  452¢ 0.59 cd 1354fg  679.83f 27.38g  3.47f
100 18.17fg  467ad 800bc  1267ef 583ab  484c 0.66 d 2252de  83242c  36.68e  4.62c
200 19.40d-g 633a 13.33a  18.00ac  6.30ab  549b 0.72¢ 38.90ab  802.74cd 40.79cd  4.68c

A e b gols pre Dol sl B > S Pl sl O a s :F
In each column, numbers with at least one letter do not differ significantly.
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Table 3.(Continued). Mean comparison of interaction between salinity and titanium dioxide on morphological traits of

marigold
Salinity Titanium dioxide Root fresh weight Root dry weight Root length Root volume
(mM) (mg/L) (g/plant) (g/plant) (cm) (cm?)
0 31.69f 2.92 c-f 22.83 c-f 26.33 e
0 50 29.97f g 3.12c-e 18.33 e-g 26.00 e
100 28.12 gh 3.46¢C 26.67 b-e 27.67 de
200 38.02 de 451D 31.50 be 35.33¢c
0 20.67 i 2.03g 14.17 fg 19.67 f
30 50 39.86 cd 4.32Db 19.00 d-g 35.00c
100 41.05¢ 4.39b 33.00 ab 36.00 c
200 47.72b 5.70a 27.33 b-d 45.67 b
0 10.62j 0.86 h 13.17 ¢ 13.00 g
60 50 36.93 e 3.26 cd 27.33 b-d 30.00c
100 26.89 h 2.191g 33.17ab 28.00 de
200 51.73 a 4.86b 40.67 a 51.00a
0 8.17k 0.54 h 12.00 g 9.67 ¢
90 50 30.57 f 243 e-g 25.33 b-e 27.00 de
100 31.79f 2.62d-g 41.33a 28.67 de
200 46.88b 5.02 ab 30.33 bc 45.00 b

A e b gl pme Sl i G S Bl Loslasl D s s 7
In each column, numbers with at least one letter do not differ significantly.
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4. Analysis of variance (Mean of squares) of the interaction effect of salinity stress and titanium dioxide on Table
nutrient uptake of Calendula officinalis L.

Mean

S.O.V DF Squared

N P K Fe Mn

Mg Ca Zn Na Ti

Salinity 3 106339062 3206872 133506460 107307 1211.35 36499581 24495122""1368.04 "3015156019 " 6581.7"

Titanium
dioxide
Salinityx

3 119580871 72036559 137700113 131413368.75" 3630556 13683633 7883.36 89841546~ 26859.2"

Titanium9 106064178 1802173 741432601 49715 858.85" 5185496 680870297°888.05 167550481 7241.2"

dioxide

Error 32 161913 1610 23103 6 0.33

5251 99196 0.49 279805 2.2

M)Jgiiclzd); )b_;:;u**
** * Significant at the 1% probability levels
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Table 5. Mean comparison of interaction effects between salinity and titanium dioxide on nutrient uptake of marigold

Salinity 1antim p K Fe Mn Mg  Ca Zn Na Ti

(mM) (mg/L) (%) (mg/g) (mg/g) (mg/Kg) (mg/Kg) (mg/g) (mg/g) (mg/Kg) (mglg) (mg/Kg)
0 309b° 37c¢  183c 207.7f 640e 75cd 254d 838b 3091  46i

0 50 325a  27h  169d 2169e 448] 7.6c  252d 434h 249k 138gh
100  152.h 44a 183c 1585h 637e 1l.6a 3L6a 834b 323hi 114.1b
200 1799 39b  195b 1546h 538g 88b  191h 569e 332h 2338a
0 233e  29fg 93h  4569b 775d 66e  265c 641d 461f 11.9h

30 50 259¢d 29f 93h  1833g 902a 74cd 27.7b  765¢ 524d 97.7d
100  235¢ 34d 204a 45L7b 875b 7.3d  27.4bc 784c 521d 652f
200  223e 3le  139f 832j 452j 63fg 237e 5L8f 413g 984d
0 271c¢  35d 7.7j  59.7a 854c 52i  224f 1023a 50le 14.3gh

60 50 1739 23i 55k  3723c 439] 38) 191h 621d 289j 98.4d
100  299b  45a  173d 832] 4871 629 254d 624d 446d 1155b
200  26lcd 35d 163e 2941d 77.1d 58h  27.6b 527f 508de 70.8e
0 257d  20j  78ij 287.5d 4931 53i 212g 465g 749a 6.9i

90 50 208f 27¢h 78ij 1199i 454 53i 3L9a 552e 7L1b 183g
100  121i 14k 99g 5581 516h 36j  19.9h 3L1i 356c 1L7i
200  145h 38c  171d 667k 618f 65ef 283b 552e 70.7b  1956¢

L e ol pme Dl alie G G Bl L slel Ot a T
In each column, numbers with at least one letter do not differ significantly.
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