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ABSTRACT

Drought stress S\\/Ivater scarcity) is_one of the most limiting environmental factors in plant growth and production. Sodium
nitroprusside (SNP) as a nitric oxide doner compound (N 3 ?Iays an important role in reducing the oxidative stress caused
by abiotic stresses. In order to investigate the effect of SNP foliar application on some biochemical characteristics, growth
and yield of Echinacea pur?urea Moench L. under drought conditions, an experiment was conducted in a split plot design in
a completely randomized block design with three replications at the Research Institute of Agriculture, Institute of Forest and
Rangelands, Karaj, Iran, in 2015-2016. The experimental treatments included SNP factor at four levels (0, 100, 200 and 400
UM) and drou%rjlt stress factor at three levels [30% field capacity (severe), 60% field capacity (moderate), 90% field capacity
(control)]. At full flowering stage, plant height, number of lateral branches, leaf and flower number, dry weight of shoots
and percentage and yield of shoot essential oil were measured. Also, leaves sampling was performed to measure relative
water content (RW! ?:,)chlorophyll content, the activity of superoxide dismutase (SOD) and peroxidase (POD) enzymes,
malondialdehyde (MDA), total phenol and frollne contents. Results showed that the hieghest amount of morphological
triats and shoot dry weight were related to 200 uM SNP concentration under non drought stress (control) condition. The
highest amount of RWC was obtained I\597.9%) in 90% moisture treatment (control) and 200 UM of SNP. Also, higher
concentrations of SNP (200 and 400 pM) under moderate stress (60% of crop quacll\%/)' could increase the plant drought
stress tolerance by increasing the SOD and POD enzymes activity as well as reducing MDA content. The highest amount of
proline (16.7 pmol/g fr wt) and total phenol (127.7 mg GAE/g dry matter) were also related to 400 uM SNP treatment. In
general, SNP foliar application especially at 200 UM concentration under drought stress conditions could modify drought
stress damage, and increase active ingredient of the plant.
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Table 1. Some physical and chemical properties of experimental field soil

Measured characteristics

Field  Permanent

Absorbable Absorbable  Total  Organic

Sampling

Sail capacity  Wilting Appafe”t Clay SiltSand potassium  phosphorus nitrogen carbon Satyrated depth
texture . density (%) (%) (%) soil pH .

(%) Point (%) (ppm) (%) (%) (centimeter)
(S:illeg 23 10 1.49 29 38 34 10.2 0.08 0.57 74 0-15
Clay

23 10 1.49 29 41 31 8.7 0.08 0.68 7.2 15-30

Silty
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Table 2. ANOVA for the effect of drought stress and SNP treatments on morphological traits of coneflower at full

bloom stage
Source of variation df - Mean squares
Plant height Leaf number Shoot number Flower number

Drought stress 2 1400.5™ 93337 43™ 46.6”
Replication x Drought stress 6 16.5™ 27.9™ 12.17 59m™
SNP 3 290.5™ 26232 25.77 100.4"
Drought x SNP 6 157.8™ 645.9™ 12.3 457"
Error 18 30.8 20.9 4.7 9.7

CV (%) 9.6 5.8 28 24

o

*, **, Significant at 5% and 1% of probability leveles, and Non-significant. . s s ©glas 098 9 do )oY 90 Jloiol mhaw )0 jlo sixe NS g st et
SNP: Sodium nitroprusside. lsg g 5 mad [SNP

SNP 5 (Seid (25 (sl lond i IS5 1 S5l 90 (slaosls (uSilos dslio ¥ Jpor
Table 3. Mean comparisons of morphological traits of coneflower under drought stress and SNP treatments

Fc SNP Measured properties

Plant height Leaf Shoot Flower
(%) (M) (centimeter) number number number
0 59.9+1.01 62.6+0.58 5.4+0.21 7.7£0.73
90 100 65.1+0.07 75.9+6.02 7.9+1.36 14.1+1.89
200 77.7£3.19 113.5+4.11 14.5+3.64 20.3+2.41
400 73.1+3.31 103.4+2.06 11.2+2.17 16.4+1.21
0 46.8+£3.71 48.9£1.56 6.1+0.76 7.9+1.41
60 100 71.9£2.23 101.1+1.56 7.6x1.50 18.4£3.71
200 56.3+4.46 79.5+1.65 7.5£1.03 10.2+1.09
400 51.1+2.03 72.8+¢1.53 6.1+0.81 9.1+1.24
0 42.1+2.52 53.6+2.66 5.6+0.58 7.9+0.10
30 100 46.6+2.27 65.7+2.37 5.7+0.57 9.4+0.74
200 51.9+1.88 93.4+2.45 7.2+0.84 16.3+2.08
400 49.1+5.37 75.8+0.78 6.5+0.64 10.5+0.43
LSD 9.1 8.03 4.1 5.1
Values are mean of three replicates + SE. el (lre gllaz) SE £ 1S5 as 1lo ¢ pyolan

FC: Field capacity and SNP: Sodium nitroprusside. log g i e SNP 5 el )5 cud 1 FC



AN VAR Gliasli o 8l o+ 8,58 el Ll pole

IS5y i3 (39 sloosls 2 SNP 5 (Sas 5 (sl Lo jdb il ly 2325 s F Jgoor
Table 4. ANOVA for the of effect of drought stress and SNP treatments on coneflower dry matter

Mean squares

Source of variation df "Leafdry Stemdry Flowerdry  Shootdry  Leaf essential  Flower essential

matter matter matter matter oil yield oil yield

Drought stress 2 643.27 571.37 15397 349347 0.003™ 0.003"

Replication x Drought stress 6 35.1™ 8.7m 8.6 53.3™ 0.0002" 0.0009"™

SNP 3 193.5" 146" 2486 1684.6" 0.011" 0.033"

Drought x SNP 6 702" 105.7" 111.3" 820.1" 0.0005™ 0.003"

Error 18 35.9 14.4 13.3 87.6 0.00003 0.7000

CV (%) 16.4 20.4 18.3 12.4 4.6 9.6

*, ** Significant at 5% and 1% of probability leveles, and Non-significant.

SNP: sodium nitroprusside.
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Table 5. Mean comparison results of the effect of

different levels of drought stress and SNP on coneflower
leaf dry matter

Leaf dry matter (g/plant) Leaf dry matter (g/m?)

Fc (%)
90 44 a 308.1a
60 36.6b 256.1b
30 29.4b 205.6 b
SNP (uM)
0 309b 216.2b
100 37a 258.9 a
200 42.2a 295.6 a
400 36 ab 255.7 ab

Values are mean of three replicates. .cuul )| S5 aw .50 « polie

Ly gy maduw SNP g el)5 cod b :FC
FC: Field capacity and SNP: Sodium nitroprusside.
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Table 6. Mean comparisons for the results of the effect of drought stress and SNP treatments on flower, stem and
shoot dry matter of coneflower

Measured properties

(F;(:) (Sll ’:;) Stem dry matter Stem dry matter Flower dry matter Flower dry matter Shoot dry matter Shoot dry matter
(g/plant) (g/m?) (g/plant) (g/im? (g/plant) (g/m?)
0 17.1+3.60 119.9+25.2 11.4+1.07 79.8+7.48 64.5+3.05 451.3+21.3
90 100 22.4+1.13 157+7.9 17+2.32 118.8+16.2 80.3+6.16 562.1+43.1
200 36+3.70 2524259 31.5+4.68 220.5+32.8 121.7+5.32 851.9+37.2
400 26.6+1.30 186.2+9.1 25.2+2.67 176.6+18.7 96.9+9.90 678.1+69.3
0 12.8+2.99 89.8+20.9 14.6+0.42 102+2.92 59.4+8.87 416+62.1
60 100 29.2+3.15 204.2+22 33.5+2.28 234.3+16 106.4+4.71 744.8+33
200 16.9+0.26 118.1+1.86 23.7+0.78 166.1+5.5 77.3+2.46 541.1+17.2
400 15.4+1.70 107.6+11.9 18.9+1.10 132.5+7.35 68.2+3.66 477.2+25.6
0 9.5+0.42 66.5+2.91 11.1+0.29 78+2.03 45.3+1.32 317.3+9.24
30 100 11.8+0.62 82.6+4.37 15.3+0.83 107.1+5.83 53.4+1 373.8+7.01
200 13.5+£0.23 94.3+1.63 18.1+1.03 127+7.25 67.4+2.41 471.8+£16.8
400 12.2+0.10 85.4+0.7 19+1.98 133+13.9 61.9£3.73 4333.3£26.1
LSD 6.2 43.1 6.2 43.02 14.8 10.4
Values are mean of three replicates. oGS A 1Sk < jy0lin
FC: Field capacity and SNP: Sodium nitroprusside. log g i maaw SNP 5 el )5 s 1 FC
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Figure 1. Interaction of drought stress and SNP on Leaf
essential oil yield at full bloom stage of coneflower.
Values are mean of three replicates + SE. LSD value

(P<0.05) for interaction of drought stress x SNP: 0.013.
SNP: Sodium nitroprusside and FC: Field capacity.

05 . HEER SNPO

XXX SNP 100
m SNP 200
041 =X SNP 400

0.3 4
0.2 4
0.14
0.0
90 60

FC (%

uw.:Lw‘ OO)L:)JSNP 9 >S,.~.> > U‘“" }»..;S 2 Y ‘S.w
S oS (20l Al e o 5
1o ¥0 SNP x S a5 23S ey sl (P<+/+0) LSD
Figure 1. Interaction of drought stress and SNP on flower
essential oil yield at full bloom stage of coneflower.
Values are mean of three replicates + SE. LSD value

(P<0.05) for interaction of drought stress x SNP: 0.045.
SNP: Sodium nitroprusside and FC: Field capacity.
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Table 7. ANOVA for the effect of drought stress and SNP treatments on physiological and biochemical traits of
coneflower plant

Mean squares

Source of variation df RWC Chlorophyll  Chlorophyll Total SoD POD MDA  Proline Total
a b chlorophyll phenol
Drought stress 2 6057 0.088"™ 0.127™ 1.73™ 4159™ 1157 439™ 311" 2024.2"
Replication x Drought stress 6 0.422™ 0.046"™ 0.031™ 0.328" 1.98™  0.003™ 0.57™ 0.411™ 14.3™
SNP 3 425™ 0.601" 0.022™ 337" 750.3" 1.62" 79.3" 347.77 28235
Drought x SNP 6 274" 0.043"™ 0.009™ 0.133™ 282" 0027 04™  498™ 725"
Error 18 0.63 0.018 0.029 0.178 2.2 0.004 1.08 0.572 17.3
CV (%) 1.2 13.5 6.5 15.8 15 6.8 53 10.1 4.3

Sl g Sglis 05 g woy3 ) 5 O Jleisl s jo ls See s g
Al sy glle MDA loSTyy 02 51 :POD ¢ gouns 30uaS s 5 02 551 $SOD el o (glgizmn IRWC ylvg o9 555 oa s SNP

*, ** ns: Significant at 5% and 1% of probability levels, and Non-significant respectively.
SNP: sodium nitroprusside, RWC: Relative Water Content, SOD: Superoxide Dismutase, POD: peroxidase, MDA: Malondialdehyde.

BB oS plerlisn 5 3ol s Slo Shs 5 SNP o (Sas 25 slojled ST 2Sle ailie A Jgor
Table 8. Mean comparison of the effect of drought stress and SNP treatments on physiological and biochemical traits
of coneflower plant

Fc SNP Measured properties

%) (M) RWC SOD POD Proline Total phenol
(%) (umol/g fr wt) (umol/g fr wt. min) (umol/g fr wt) (mg GAE/g dry matter)

0 62.4+0.73 83.4+0.67 0.48+0.05 0.66+0.06 77.4+1.39

90 100 66.9+0.28 93.3+0.58 0.73+0.03 2.56+0.04 92.2+0.93
200 78.9+0.39 98.3+0.65 1.08+0.04 9.87+0.12 117.6+0.88

400 73.2+0.23 103.5+0.95 1.32+0.04 11.2+0.74 103.1+1.46

0 60.7+0.50 92.1+1.04 0.74+0.03 0.98+0.03 91.3+1.19

60 100 63.7£0.23 98.8+£0.20 1.07+0.02 3.61+0.15 100.3+1.89
200 75.1+0.23 101.9+1.15 1.31+0.04 10.8+0.57 127.4+0.81

400 72.9+0.53 108.9+0.89 1.89+0.03 13.1+0.33 114.4+0.63

0 58.4+0.62 71.4+1.60 0.24++0.02 1.37£0.10 52.9+5.93

30 100 62.4+0.29 89.4+0.25 0.37+0.009 4.07+0.49 84.7£0.76
200 72.3+0.52 94.4+0.33 0.76+0.06 14.8+0.46 102.8+4.33

400 70.4+0.32 99.3+0.57 1.17+0.01 16.7+0.81 89.6+0.07

LSD 1.3 24 0.10 1.2 6.8

Values are mean of three replicates + SE. el (lire gllaz) SE £ 1S5 as 1lo ¢ ppolan

FC: Field capacity and SNP: sodium nitroprusside. Ly gy maduw SNP g el)5 o s :FC
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Figure 3. Effect of SNP treatment on total chlorophyll
content at full bloom stage of coneflower.
Values are mean of three replicates + SE.

SNP: Sodium nitroprusside.
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Figure 4. Effect of SNP treatment on chlorophyll a
content at full bloom stage of coneflower.
Values are mean of three replicates + SE.

SNP: Sodium nitroprusside.
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Figure 5. Effect of SNP treatment on MDA content at
full bloom stage of coneflower.
Values are mean of three replicates + SE.
SNP: Sodium nitroprusside.

MDA (nmol/g fr wt)

FC (%)

>y 0 MDA (glgims (St o 136 8 S

J e o5 (20l5
el Gl glaz) SE £ 1S5 ans .Sks « polin

el cad s FC
Figure 6. Effect of drought stress treatment on MDA
content at full bloom stage of coneflower.
Values are mean of three replicates + SE.
SNP: Sodium nitroprusside.
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Table 9. Correlation coefficients (r) between shoot
dry matter and total phenol with some of biochemical
prooerties of coneflower plant under drought stress
and SNP treatments

Variable !
Shoot dry matter Total phenol
Flower dry matter 0.87" 0.62"
RWC 057" 0.83"
Total chlorophyll 0.55™ 0.56™
SOD 0.49™ 0.86™
POD 041" 0.76"
MDA 0.12"™ 0.53™
Proline 0.18™ 0.56™
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*, ** ns: Significant at 5% and 1% of probability levels, and Non-
significant respectively.
SNP: sodium nitroprusside, RWC: Relative Water Content, SOD:
Superoxide Dismutase, POD: peroxidase, MDA: Malondialdehyde.
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