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Abstract

Introduction: Sweet violet (Viola odorata) is a perennial herbaceous plant with ornamental and
medicinal properties. Water scarcity is one of the most effective environmental limiting factors for plants.
The use of anti-stress compounds, such as a variety of secondary metabolites, is some way to reduce the
harmful effects of water-deficit. Salicylic acid (SA) is a plant growth regulator from the phenol group and
is effective as a signal molecule in regulating many physiological processes (Idress et al., 2013; Harrison
et al., 2014). Sodium nitroprusside is involved in the action of plant growth regulators and is involved in
the transmission of messages and responses to biological and non-biological stresses (Fan et al., 2012).
Zinc oxide nanoparticles are among the nanoparticles used in agricultural research that have a very high
specific surface area (Idress et al., 2013). The aim of the present study was to investigate the effect of
different levels of water-deficit stress and foliar application of anti-stress compounds (SA, sodium
nitroprusside and nano zinc oxide) on some pigments and the fluorescence of sweet violet.

Material and methods: A factorial experiment in completely randomized design was performed with
two factors; water-deficit stress at three levels (55, 65 and 85% of field capacity (FC) and foliar spraying
including SA (200 and 300 mg/l), zinc nano-oxide (1000 and 1500 mg/l) and sodium nitroprusside (200
and 300 pM) in three replications. In two weeks after establishing the plantlets in the cultivation bed, two
weeks apart, foliar applications were made and distilled water was applied as control treatment. The
application of water-deficit stress started one week after the second stage of foliar application based on
substrate FC by weighting method and continued until the end of the experiment, which coincided with
the yellowing of the leaves. Leaf and petal pigments and chlorophyll fluorescence were measured. Data
analysis was performed using SAS,, statistical software and graphs were drawn using Excel software.
LSD test at 5% probability level was used to compare the mean of the data.

Results and discussion: he results showed that the highest chlorophyll a (9.72 mg/g F.W.) and b (4.15
mg/g F.W.) concentrations were related to the treatment of 1000 mg/l Nano-zinc oxide and 200 pM
sodium nitroprusside both at water-deficit stress of 55% of field capacity, respectively. The highest leaf
carotenoid concentrations in leaf (14 pg/g F.W.) and petal (8.36 png/g F.W.) were obtained at levels of 200
pM sodium nitroprusside and 300 mg/l SA, respectively, under water-deficit stress of 55% FC. The
highest maximum (5.31) and variable (4.27) fluorescence was related to the treatment of 1000 mg/1 zinc
nano-oxide at water-deficit stress of 85% FC. The highest photofoliar spraying efficiency of photosystem
IT (4.4) and quantum yield of photosystem 2 (0.81) were obtained at water-deficit stress of 85% of field
capacity together with 300 mg/l salicylic acid treatment. The highest effective photofoliar spraying
quantum efficiency of the photosystem 2 (0.56) was related to water-deficit stress treatment of 65% FC
and 300 puM sodium nitroprusside treatment. The effect of treatment with these substances on the change
of biofoliar spraying and physiological processes, especially during the response to various biological and
non-biological stresses such as drought in plants (Ricinus communis and sunflower hybrids) was shown
(Balabanova et al., 2016; Esparham et al., 2017).

Conclusions: With increasing water-deficit, the concentration of chlorophyll and carotenoid pigments in
leaves and petals increased. Zinc nanoparticles increased the maximum and variable fluorescence and
salicylic acid also increased the fluorescence ratio, non-photofoliar spraying quicent and regulated and
unregulated quantum efficiency of photosystem II. Sodium nitroprusside showed a positive effect on
changing the minimum fluorescence and the effective quantum efficiency of photosystem II.

Keywords: Acid salicylic, Sodium nitroprusside, Chlorophyll fluorescence, Ornamental-medicinal plant
,Nano zinc oxide.
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Table 1. Meteorological information of Tabriz city

Average Average Absolute Absolute
Month minimum  maximum ?eﬁf;ng;ture minimum  maximum  Rain Evaporation Humidity Radiation

terzlperature terilperature () terzlperature terzlperature (mm) (mm) (%) (MJ/m/day)

(€) (€) (€) (€)
Apr 6.9 18.9 12.9 0.2 242 434 108.4 48 62447
May 9.7 20.5 15.1 3.0 26.8 52.6 170.9 58 67171
Jun 14.8 28.0 214 10.6 312 36.2 274.6 45 86893
Jul 224 36.2 29.3 17.2 40.8 0.0 450.7 27 92288
Aug 221 35.2 28.7 16.6 41.0 0.0 4272 35 79824
Sep 18.0 31.2 24.6 14.0 36.2 9.9 329.8 34 71740
Oct 11.9 24.6 183 5.4 29.8 7.3 164.9 47 51133
Nov 54 14.7 10.1 0.8 23.0 7.8 95.0 58 32536
Dec 2.0 8.8 5.4 -2.3 13.4 85.7 17.0 80 17303
Jan -2.9 4.9 1.0 -8.4 10.0 225 - 73 26352
Feb -2.0 6.8 2.4 -8.6 12.6 61.5 - 72 32149
Mar  -0.1 9.4 4.7 4.2 15.6 34.1 - 64 42161

(B) b 8 Sesky egomi 5 (A) (AMS Al o 3 Jame adiy olS N IS
Figure 1. Sweet violet plant at the flowering stage (A), and project design condition (B).
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Table 2. Experimental treatments and their symbol

Treatments Symols
85% FC + cotrol AB,
85% FC + 1000 mg/l nano-zinc oxide A B,
85% FC + 1500 mg/l nano-zinc oxide A B;
85% FC + 200 mg/l SA AB,4
85% FC + 300 mg/l SA ABs
85% FC + 200 mM Na-nitroprusside A Bg
85% FC + 300 mM Na-nitroprusside A B,
65% FC + cotrol AyB,
65% FC + 1000 mg/1 nano-zinc oxide A)B,
65% FC + 1500 mg/1 nano-zinc oxide A)B;
65% FC + 200 mg/l SA A,B,
65% FC + 300 mg/l SA A,Bs
65% FC + 200 mM Na-nitroprusside AyBg
65% FC + 300 mM Na-nitroprusside A,B,
55% FC + cotrol AsB,
55% FC + 1000 mg/1 nano-zinc oxide AsB,
55% FC + 1500 mg/1 nano-zinc oxide A;zB;
55% FC +200 mg/l SA A3By4
55% FC + 300 mg/l SA A3Bs
55% FC + 200 mM Na-nitroprusside A;Bg
55% FC + 300 mM Na-nitroprusside A;B,

sl slales B g LSJL:J C)JQ“ A
A: Irrigation levles, and B: Spray treatments
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Table 3. Physio-foliar spraying properties of cultivation bed soil

. Absorbable Absorbable Total Organic Natural
Clay Silt Sand - . . EC
(%) (%) (%) potassium  phosphorus nitrogen carbon materials pH (ds/m)
0 0 0
(p-p.m.) (p-p-m.) (%) (%) (%)
12 32 56 375 51.60 0.34 3.39 7.25 735 454
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Table 4. Variance of the effect of nano-zinc oxide, SA and Na-nitroprusside on measured parameters in sweet violet

Mean of squares

Source of variances df Petal carotenoid Leaf carotenoid Total chlorophyll Chlorophyllb  Chlorophyll a
Repeat 2 14.70™ 1.85" 1.01™ 0.03™ 0.74™
Water-deficit stress (A) 2 2.99" 3.07" 9.74™ 0.78" 5.05"
Sprays (B) 6 0.86" 443" 2.59" 0.30" 1.50"
BxA 12 1.08" 4.49™ 3.12" 0.33" 1.62"
Error 40 0.06 0.35 1.37 0.15 0.81
C.V. (%) - 3.48 5.08 10.07 11.15 11.20
P <001 3P <0.05 )5 s pme s smn 18 5 5 4 sk 5 % @S
ns, * and ** non-significant, significant at P <0.05 and P < 0.01, respectively
aalsl & Jgd=
Table 4. Continued
Mean of squares
Source of variances af  Yq Y veo) Y o) NPQ F./Fn FJ/F, F, F, Fn
Repeat 2 0.0043™ 0.0019™ 0.0019™ 0.048™  0.00031™  0.048™ 0.002™ 0.05™ 0.00™
Water-deficit stress (A) 2 0.0137°  0.0037™ 0.0511" 1.245™  0.00092™  0.69"" 0.005™ 0.70”" 0.65"
Sprays (B) 6  0.0166° 0.0096" 0.0359" 3.165™ 0.00153" 0.71" 0.026™ 0.10" 0.05™
BxA 12 0.0109° 0.0175™ 0.0415™ 3.096™ 0.001633" 035" 0.022" 028" 035"
Error 40 0.00428 0.00190 0.00190 0.04762 0.00090  0.047 0.002 0.05 0.10
C.V. (%) - 1349 1926 1360 2094  3.80 558 452 58 6.70

P<0.01 3P <0.05 55 4ls pons ls sme 6 5 5 4y % 5 % @S

ns, * and ** non-significant, significant at P <0.05 and P < 0.01, respectively
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Table 5. Mean comparison of the effect of nano-zinc oxide, SA and Na-nitroprusside on measured parameters in sweet

violet

Treatments Symbols Icdaerfi)ftenoid cP:rtzienoid Zl(l)lt(?jophyll C(rlzll;)/r;)}l):h\};l )b (Er}’rlll;/rg%h{)\lfl )a

(ng/g F.W.) (ng/g F.W.) (mg/g F.W.) o T
(Control + 85% FC) A, B, 10.93 f-h 6.186 h 10.84 e-g 3.633 a-e 8.8467 a-c
(1000 mg L' ZnO +85% FC) A, B, 11.80 d-f 6.793 e-g 10.26f g 3.947 ab 8.47 a-d
(1500 mg L' ZnO + 85% FC) A, B 11.73 d-f 6.420 gh 11.65 b-g 3.817 a-c 8.0467 b-e
(200 mg L' SA + 85% FC) A, B, 10.50 hi 7.570b 1229 a-¢ 3.180 c-e 7.0833 de
(300 mg L' SA + 85% FC) A, Bs 10.37 hi 7.036 de 12.79 a-d 3.480 b-e 7.3567 de
(200 uM SNP + 85% FC) A, Bg 11.74 d-f 7.233 b-d 1191 a-f 3.653 a-e 8.2367 b-e
(300 uM SNP + 85% FC) A B, 10.93 f-h 7.453 be 11.79 a-g 3.437 b-e 8.02 b-e
(Control + 65% FC) A, B 12.33 c-e 6.463 gh 993 ¢g 3.423 b-e 8.06 b-e
(1000 mg L' ZnO + 65% FC) A, B, 13.03 a-c 6.460 gh 10.15 fg 3.350 b-e 7.9733 b-¢
(1500 mg L' ZnO + 65% FC) A, B, 11.64 e-g 6.143 h 10.15 fg 3.523 a-e 8.26 a-¢
(200 mg L' SA + 65% FC) A, B,y 9.84 i 7.180 b-e 12.01 a-f 3.060 e 6.9967 de
(300 mg L' SA + 65% FC) A, B; 10.20 hi 6.890 d-f 1157 c-g 3.070 e 6.87 ¢
(200 uM SNP + 65% FC") A, Bg 10.98 f-h 6.946 d-f 1141 d-g 3.947 ab 7.08 de
(300 uM SNP + 65% FC) A, B, 11.63 e-g 7.023 de 11.13d-g 3.150 de 7.78 c-e
(Control + 55% FC) A; B, 13.59 ab 6.966 d-f 10.86 e-g 3.813 a-c 9.4067 ab
(1000 mg L' ZnO +55% FC) A3 B, 12.22 c-¢ 6.616 fg 13.64 a 3.977 ab 9.7233 a
(1500 mg L ZnO +55% FC) A3 B, 12.67 b-d 7.050 c-¢ 11.94 a-f 3.920 ab 8.13 b-e
(200 mg L' SA + 55% FC) Ay B, 10.75 g-i 8.166 a 11.04 d-g 3.777 a-d 7.63 c-e
(300 mg L' SA + 55% FC) A; Bs 10.11 hi 8.360 a 1342 a-c 3.127 de 7.6133 c-e
(200 uM SNP + 55% FC) A3 By 14.00 a 7.250 b-d 13.56 ab 4153 a 9.4433 ab
(300 uM SNP + 55% FC) A3 B, 13.33 ab 8210a 11.41d-g 3.557 a-e 7.7333 c-e

P <001 g P<0.05 53 Hl> gme yls s pb od 5 4 3 g % s

", ™ and ": Significant at P < 0.05, P < 0.01 and insignificant, respectively.

SR LaS  Js 8 Clale 5 5 e at il
Szt o3le A 55 5 5 58 s (e 53 GAIS Jol 5o
O Ll e S a5 Ll s s of Jrals 1 sl e
o g 3 Gl b oS sl lale G Ol se
o5 a4l (Arazmjoo et al., 2009) LT ol
« (Nematollahi et al., 2013) ols Sl j5  Six
«(Mehrabian Moghadam et al., 2011) glabsle o y3
Abdalla and El-) il 5 (Amiri et al., 2015) &,K
Munne-Bosch et al., ) S e «(Khoshiban, 2007

lad S ges Sho  Sedes adax Sl La by IS

(S o St dile ass sla 5 55 oS A
R U I TtV B OV Y PCI o
s o 1 elS (5t s ol S @ Jdy IS
=S 5 psa s IS Ol [2alS il dal
rimen A2k o a3 ROS 15 5l & Ly e
Sk bl s 55 S s IS i 5 g el
Chle il e S5 a0 sl S sl e ls

o Ll sl el S Olge 4 S LIS



o 9 LIS )y wales g9 S a9 S 9 wess] 93U Salsealbis sael 31 lSan 9 (Sl gls ol

0 JJ-\;.- P!
Table 5. Continued

Treatments Symb()ls Y(II) Y(NPQ) Y(NO) NPQ FV/Fm FV/FO FO FV Fm
(Control + 85% FC) A, B, 0.528 a-d 0.202 d-f 0.268 fg 0.845 c-g 0.745 be 431 a-c 0.875 fg 3.77 b-d 4.645 b-e
(1000 mg L' ZnO + 85% FC) A B, 0.456 a-e 0.238 c-e 0.285d-g 1.042 b-d 0.808 a 4.138 a-¢ 1.034 be 4.27a 5316a
(1500 mg L' ZnO + 85% FC) A, B; 0.435 d-f 0.258 c-e 0.306 b-e 0.915 c-f 0.794 ab 3.857d-f 1.041 b 4.01 a-c 5.058 ab
(200 mg L' SA + 85% FC) A, By 0.548 ab 0.154 fg 0.296 b-g  0.577 f-h 0.801 a 4.016 b-e 0.953 de 3.82b-d 4.779 b-d
(300 mg L' SA + 85% FC) A, Bs 0.424 d-f 0.31 a-c 0.264 g 1.319 ab 0.815a 4.406 a 0.858 gh 3.78 b-d 4.639 b-e
(200 uM SNP + 85% FC) A Bg 0.502 a-e 0.186 e-g 0.312 b-d 0.635 e-h 0.802 a 4.05 a-e 0.961 de 3.89 be 4.853 a-d
(300 uM SNP + 85% FC) A B, 0.406 ef 0.303 be 0.290 c-g 1.175 be 0.791 ab 3.781d-g 1.073 b 4.05 ab 5.13 ab
(Control + 65% FC) A; By 0.498 a-¢ 0.202 d-f 0.299 b-g 0.729 d-h 0.798 a 3.958 c-e 0.944 d-f 3.73 b-d 4.683 b-e
(1000 mg L' ZnO + 65% FC) A B, 0.529 a-d 0.165 fg 0.305 b-e 0.589 f-h 0.785 ab 3.645 e-g 0.959 de 3.49 de 4.454 d-f
(1500 mg L' ZnO + 65% FC) A; B; 0.545ab 0.149 fg 0.305 b-e 0.537 gh 0.798 a 3.95 cde 0.934 d-f 3.68 cd 4.624 b-e
(200 mg L' SA +65% FC) A; By 0.488 a-e 0.215 d-f 0.296 b-g 0.826 c-g 0.780 ab 3.543 fg 1.068 b 3.78 b-d 4.852 a-d
(300 mg L' SA +65% FC) A; Bs 0.536 a-c 0.377 a 0.371a 1.617 a 0.812a 4.31 a-c 0.944 d-f 4.06 ab 5.011 a-c
(200 uM SNP + 65% FC") A, Bg 0.448 b-e 0.255 c-e 0.293 b-g 0.960 b-e 0.801 a 4.027 b-d 1.001 b-d 4.03 a-c 5.033 ab
(300 uM SNP + 65% FC) A, B, 0.56a 0.117 g 0.322 be 0.390 h 0.804 a 4.094 a-d 0.791 h 3.23 ef 4.028 £
(Control + 55% FC) A; By 0.464 a-e 0.262 b-d 0.273 e-g 1.054 b-d 0.804 a 4.096 a-d 0.942 d-f 3.85b-d 4.8 a-d
(1000 mg L' ZnO + 55% FC) A; B, 0.461 a-e 0.259 cd 0.279 d-g 1.050 b-d 0.781 ab 3.571 fg 0.927 e-g 331 ef 4.239 ef
(1500 mg L' ZnO + 55% FC) A; B; 0.336 f 0.334 ab 0.328 b 1.183 be 0.720 ¢ 2.566 h 1.191 a 3.05f 4.246 ef
(200 mg L' SA + 55% FC) A; By 0.543 a-c 0.152 fg 0.304 b-f 0.543 gh 0.777 ab 3487 ¢ 1.003 b-d 3.49 de 4.502 c-f
(300 mg L' SA + 55% FC) A, Bs 0.542a-c  0.159fg  0298b-g  0.584fh  0.798a 4079a-d  0908e-g  3.7b-d 4.642 b-e
(200 uM SNP + 55% FC) A; Bg 0.494 a-e 0.221 d-f 0.284 d-g 0.860 c-g 0.796 a 3.894 d-f 0.967 c-¢ 3.76 b-d 4.731 b-e
(300 uM SNP + 55% FC) A; B, 0.449 b-e 0.24 c-e 0.310 b-d 0.846 c-g 0.813 a 4.348 ab 0913 e-g 3.96 a-c 4.883 a-d

P<0.01 3P <0.05 53 5ls pns Jls sme 6 5 5 4y % 5 % @S

*, ™ and ™: Significant at P < 0.05, P <0.01 and insignificant, respectively.
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	9.4433 ab
	4.153 a
	13.56 ab
	7.250 b-d
	14.00 a
	A3 B6
	(200 µM SNP + 55% FC)
	11.41 d-g
	7.7333 c-e
	3.557 a-e
	8.210 a
	13.33 ab
	A3 B7
	(300 µM SNP + 55% FC)
	Fm
	Fv
	F0
	Fv/F0
	Fv/Fm
	NPQ
	Y(NO)
	Y(NPQ)
	Y(II)
	Symbols
	Treatments
	4.645 b-e
	3.77 b-d
	0.875 fg
	4.31 a-c
	0.745 bc
	0.845 c-g
	0.268 fg
	0.202 d-f
	0.528 a-d
	A1 B1
	(Control + 85% FC)
	5.316 a
	4.27 a
	1.034 bc
	4.138 a-e
	0.808 a
	1.042 b-d
	0.285 d-g
	0.238 c-e
	0.456 a-e
	A1 B2
	(1000 mg L-1 ZnO + 85% FC)
	5.058 ab
	4.01 a-c
	1.041 b
	3.857 d-f
	0.794 ab
	0.915 c-f
	0.306 b-e
	0.258 c-e
	0.435 d-f
	A1 B3
	(1500 mg L-1 ZnO + 85% FC)
	4.779 b-d
	3.82 b-d
	0.953 de
	4.016 b-e
	0.801 a
	0.577 f-h
	0.296  b-g
	0.154 fg
	0.548 ab
	A1 B4
	(200 mg L-1 SA + 85% FC)
	4.639 b-e
	3.78 b-d
	0.858 gh
	4.406 a
	0.815 a
	1.319 ab
	0.264 g
	0.31 a-c
	0.424 d-f
	A1 B5
	(300 mg L-1 SA + 85% FC)
	4.853 a-d
	3.89 bc
	0.961 de
	4.05 a-e
	0.802 a
	0.635 e-h
	0.312 b-d
	0.186 e-g
	0.502 a-e
	A1 B6
	(200 µM SNP + 85% FC)
	5.13 ab
	4.05 ab
	1.073 b
	3.781 d-g
	0.791 ab
	1.175 bc
	0.290 c-g
	0.303 bc
	0.406 ef
	A1 B7
	(300 µM SNP + 85% FC)
	4.683 b-e
	3.73 b-d
	0.944 d-f
	3.958 c-e
	0.798 a
	0.729 d-h
	0.299  b-g
	0.202 d-f
	0.498 a-e
	A2 B1
	(Control + 65% FC)
	4.454 d-f
	3.49 de
	0.959 de
	3.645 e-g
	0.785 ab
	0.589 f-h
	0.305 b-e
	0.165 fg
	0.529 a-d
	A2 B2
	(1000 mg L-1 ZnO + 65% FC)
	4.624 b-e
	3.68 cd
	0.934 d-f
	3.95 cde
	0.798 a
	0.537 gh
	0.305 b-e
	0.149 fg
	0.545ab
	A2 B3
	(1500 mg L-1 ZnO + 65% FC)
	4.852 a-d
	3.78 b-d
	1.068 b
	3.543 fg
	0.780 ab
	0.826 c-g
	0.296 b-g
	0.215 d-f
	0.488 a-e
	A2 B4
	(200 mg L-1 SA + 65% FC)
	5.011 a-c
	4.06 ab
	0.944 d-f
	4.31 a-c
	0.812 a
	1.617 a
	0.371 a
	0.377 a
	0.536 a-c
	A2 B5
	(300 mg L-1 SA + 65% FC)
	5.033 ab
	4.03 a-c
	1.001 b-d
	4.027 b-d
	0.801 a
	0.960 b-e
	0.293 b-g
	0.255 c-e
	0.448 b-e
	A2 B6
	(200 µM SNP + 65% FC')
	4.028 f
	3.23 ef
	0.791 h
	4.094 a-d
	0.804 a
	0.390 h
	0.322 bc
	0.117 g
	0.56a
	A2 B7
	(300 µM SNP + 65% FC)
	4.8 a-d
	3.85 b-d
	0.942 d-f
	4.096 a-d
	0.804 a
	1.054 b-d
	0.273 e-g
	0.262 b-d
	0.464 a-e
	A3 B1
	(Control + 55% FC)
	4.239 ef
	3.31 ef
	0.927 e-g
	3.571 fg
	0.781 ab
	1.050 b-d
	0.279 d-g
	0.259 cd
	0.461 a-e
	A3 B2
	(1000 mg L-1 ZnO + 55% FC)
	4.246 ef
	3.05 f
	1.191 a
	2.566 h
	0.720 c
	1.183 bc
	0.328 b
	0.334 ab
	0.336  f
	A3 B3
	(1500 mg L-1 ZnO + 55% FC)
	4.502 c-f
	3.49 de
	1.003 b-d
	3.487 g
	0.777 ab
	0.543 gh
	0.304 b-f
	0.152 fg
	0.543 a-c
	A3 B4
	(200 mg L-1 SA + 55% FC)
	4.642 b-e
	3.7 b-d
	0.908 e-g
	4.079 a-d
	0.798 a
	0.584 f-h
	0.298 b-g
	0.159 fg
	0.542 a-c
	A3 B5
	(300 mg L-1 SA + 55% FC)
	4.731 b-e
	3.76 b-d
	0.967 c-e
	3.894 d-f
	0.796 a
	0.860 c-g
	0.284 d-g
	0.221 d-f
	0.494 a-e
	A3 B6
	(200 µM SNP + 55% FC)
	4.883 a-d
	3.96 a-c
	0.913 e-g
	4.348 ab
	0.813 a
	0.846 c-g
	0.310 b-d
	0.24 c-e
	0.449 b-e
	A3 B7
	(300 µM SNP + 55% FC)



