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Effect of Foliar Application of Sodium Nitroprusside on some Morphological,
Physiological and Biochemical Properties of Marigold Plant (Calendula officinalis L.)
under Different Irrigation Regimes
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Table 1: Analysis of variance results of the effect of irrigation regimes and foliar application of sodium nitroprusside on some morphological and physiological characteristics of
marigold plant

Slaye (Sl
Mean square a0
4 Ay, S T .I)T Sl yais polie
S ol s (Slgine ’ ‘ 0 ahopois Ak, SESol ST el beliohe e eldls oy o 6d°f) Sources of Variations
Relative leaf water < 9” o Root fresh Root dry Flower Leaf Number of lateral Aerial organ dry Pla:t hei )ht
content Root to aerial organ dry weight weight number number aerial organ weight 9
weight ratio
62.35™ 0.1247" 102.56™ 75.72™ 101.23™ 763.12™ 47.23" 3672.30™ 1398.36™ 2 _s)l_*“ ’“"))
Irrigation regime
10171 0.00057" 3217 25.42™ 45.95™ 1013.26™ 37.16™ 1543.63™ 278.98™ 2 Selog g i
Sodium nitroprusside
e X kol 3,
18.32™ 0.00058"™ 0.56™ 0.97™ 39.36™ 945.49™ 26.72" 963.21™ 149.44™ 4 Blag g
Irrigation regime x
Sodium nitroprusside
Uas-
111 0.0008 0.41 0.87 1431 19.37 6.47 86.36 28.16 18
Error
2.14 7.86 9.19 8.65 21.03 7.60 26.95 1356 9.4 . (”)”C"'f“”(; )" w2
V (%

)‘Q‘SAAQJA.C 9 0,0 \ 9 I JLQ.\.>| C.la.u 3o )L)LS;M W)JAJ ‘NS ) ek ok
*,** and ns: Significant at 5 and 1% probability level and non-significant, respectively
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Table 2: Mean comparison results of the effect of irrigation regimes and foliar application of sodium nitroprusside on some morphological, physiological and biochemical
characteristics of marigold plant

0l (6 3 03l Bleoguaz bl
Measured properties Treatments
) callad ! culled
KSR s axlg) VLS oS Sk ; L slaw b Sdale
) 3 9=l9) 5 S| g T o (Slgione ) Slass o Si 5y S el ) Cad s
bl 5 e 35 al) hgomgs  Bdg S . S5 olass . =l o o Slag gy = <o
: (12,9) S Flower S~ (5 sl (e siils) (0 1)
Essgir:tlal (e (eSS o5 e (+2,%) Relative leaf number Leaf I;\ltgglbzgrci);l Aerial organ dry  Plant height _()yyf’”sﬁ) ] FC (;/)
Catalase Superoxide Electrolyte  water Content (%) number weight (g) (cm) Sodium nitroprusside °
percentage wi R o leakage (% organ concentration (UM
activity (U mg dismutase activity
protein) (U mg? protein)
0.20f 3.01¢ 36.42¢ 52.52¢ 64.39¢ 5.73¢ 21.32¢ 5.12° 8.48¢ 20.13¢ 0
0.31° 3.354 39.56° 34.61f 78.12° 8.47% 32.64° 5.74% 11.36% 31.12¢ 200 1[()‘:(;)) 100|)
ontro
0.40¢ 3.88° 41.12° 36.98° 71.37° 7.06° 28.97° 5.52% 10.14° 26.47° 400
0.49¢ 4.24° 52.97° 64.87¢ 54,259 3.25f 17.24f 2.79° 7.01° 15.39¢ 0
0.54% 4.78° 57.31%® 49.,58° 68.43¢ 7.76° 27.05¢ 4.16° 8.78¢ 25.24° 200 65
0.59° 4.89° 60.28° 55.219 61.76° 6.43° 19.68° 3.11¢ 7.84¢ 17.31¢ 400
0.62° 2.17" 20.79¢ 73.28° 4418 1.239 6.21 1.37¢ 3.949 10.26f 0
0.67%® 2.32¢ 27.11f 65.63¢ 58.31f 5.20¢ 9.129 2.91¢ 6.63f 14.74¢ 200 30
0.71% 2.60° 32.54¢ 69.47° 50.99" 4.34¢ 7.21" 2.48 6.85' 15.17¢ 400

D, lo s Dglas wo 0 iy Jleia ] e (o caiiiis S i By, il a5 sl 1 Sl gt o 0

Means in each column followed by similar letter (s) are not significantly different at 5% probability level
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Fig. 1: The effect of irrigation regimes based on the field capacity (FC) on root fresh and dry weight and root to aerial
organ dry weight ratio of marigold plant. Means with the same letters are not significantly different at 5% Duncan test
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Fig. 2: The effect of sodium nitroprusside concentration (uM) on root fresh and dry weight of marigold plant. Means
with the same letters are not significantly different at 5% Duncan test
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Fig. 3: The effect of irrigation regimes based on the field capacity (FC) on chlorophyll a and total chlorophyll of
marigold plant. Means with the same letters are not significantly different at 5% Duncan test
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Fig. 4: The effect of sodium nitroprusside concentration (uM) on chlorophyll a and total chlorophyll of marigold plant.
Means with the same letters are not significantly different at 5% Duncan test
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Table 3: Analysis of variance results of the effect of irrigation regimes and foliar application of sodium nitroprusside on some biochemical characteristics of marigold
plant
Sl po (2Sles
Mean Square
ol wops SR s T el Byes anST g popl cdls B S5 Jebols b b IS a by IS > Oy polie
Essential oil Total . L . Electrolyte Total ol .
Catalase activity Superoxide dismutase activity Chlorophyll b Chlorophyll a Sources of Variations
percentage phenol leakage chlorophyll df
0.0097" 0.2570™ 99.64™ 823.34™ 148.32™ 0.976™ 0.136™ 0.823™ 2 _615' w3
Irrigation regime
il ns ** il i il ns il “\'iL""ﬁ)ﬁ)’lﬁ‘ (R
0.0084 0.00091 101.39 74177 98.87 0.841 0.098 0.624 2 g )
Sodium nitroprusside
e X 5 kol 3,
0.0011" 0.00047" 59.25™ 88.56™ 43.21" 0.127™ 0.014™ 0.023™ 4 Slog 9
Irrigation regime x
Sodium nitroprusside
0.00001 0.0004 7.01 15.17 10.85 0.186 0.017 0.014 18 o>
Error
1.16 8.77 6.34 4.62 8.52 17.74 8.41 12.63 - (30)9) Sl 22

CV (%)

S gian g ao0 ) 50 Jliol mhau o jlo Soe oS A NS g %

*,** and ns: Significant at 5 and 1% probability level and non-significant, respectively
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Fig. 5: The effect of irrigation regimes based on the field capacity (FC) on total phenol of marigold plant. Means with the same letters are not significantly different at

5% Duncan test
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Effect of Foliar Application of Sodium Nitroprusside on some Morphological,
Physiological and Biochemical Properties of Marigold Plant (Calendula officinalis L.)
under Different Irrigation Regimes

Izadi!*, Z. and Mirazi2, N.

Abstract

In order to investigate the effect of irrigation as well as foliar application of sodium nitroprusside as a nitric oxide donor
compound on some morphological, physiological and biochemical characteristics in marigold (Calendula officinalis L.),
an experiment was conducted in a greenhouse and has been carried out as factorial (two factors) based on a completely
randomized design with three replications. Experimental factors included different irrigation levels 100, 65 and 30% FC
and foliar application of sodium nitroprusside at three concentration levels 0 (control), 200 and 400 uM. The results
showed that the highest root dry weight and root to aerial organ dry weight ratio belonged to control and 30% FC,
respectively. Chlorophyll a and total concentration were reduced under water deficit stress, while the electrolyte leakage
percentage was increased. The highest amount of total phenol content was belonged to 65% FC. Sodium nitroprusside
had significant effects on the root dry weight and chlorophyll a and total concentration that this effects was maximum in
400uM. The concentrations of 200 and 400 UM sodium nitroprusside with 65% FC treatment increased the activity of
superoxide dismutase and catalase enzymes. In all irrigation treatments, foliar application of 200 pM sodium
nitroprusside increased the relative leaf water content. The concentration of 400 uM sodium nitroprusside with 30% FC
showed the highest essential oil percentage. Based on the results obtained, sodium nitroprusside treatment protected
marigold plant from water deficit stress and decreased its damages.
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