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Abstract: The experimental trials were carried out during two successive seasons (2011/
2012 and 2012/2013) at the green house of the National Research Centre, Cairo, Egypt. It
was intended to find out the individual and combined effect of different levels of salinity and
salicylic acid doses as foliar applications on growth, flowering and chemical constituents of
Calendula officinalis L. Three salinity levels were prepared (1000, 2000 and 3000ppm) by
adding sodium chloride + calcium chloride (1:1v/v) for irrigating seedlings with previously
prepared Stalinized. The untreated plants (control) were irrigated with tap water. Seedlings
were sprayed three times (after 30, 50 and 70 days from sowing) there concentrations of
salicylic acid namely (0, 50and 100 ppm) as foliar spray to cover completely the plant
foliage. Flowers number/ plant, flower diameter (cm), fresh and dry weight of flowers
(g)/plant after 1st 2 " and 3 ™ collection and N and protein % in shoots were decreased by
using 3000ppm salinity. All solidity treatments caused a decrement on total carbohydrates
contents in leaves, stems and roots. The highest values in both samples are, flowering
parameters at 3" collection and total carbohydrates percentage were obtained from salicylic
acid at the level of 200 ppm. Foliar application of 200ppm salicylic acid combined with tap
water, increased carbohydrate percentage nitrogen, and protein % in shoots.

Key words: Calendula officinalis, salicylic acid; salinity; flowering parameters; chemical
constituents.

Introduction

Calendula is believed to be native to Egypt and has almost worldwide distribution. There are numerous
varieties of this species, differing primarily in flower shape and color. Calendula grows to about 0.7 m in height
and the wild form has small, bright yellow-orange flowers that bloom from May to October. It is the ligulate
florets, incorrectly referred to as flower petals that have been used medicinally. This plant should not be
confused with other members of the plant has been grown in European gardens since the 12th century, and its
folkloric uses are almost as old. Tinctures and extracts of the florets were used topically to promote wound
healing and to reduce inflammation the marigold family" .

The dried petals have been used like saffron as a seasoning and have been used to adulterate saffron’.
The pungent odor of the marigold has been used as an effective pesticide. Marigolds are often interspersed
among vegetable plants to repel insects*.

Calendula extracts have been used topically to promote wound healing, and experiments in rats have
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confirmed a measurable effect. An ointment containing 5% flower extract in combination with allantoin
markedly stimulated epithelialization in surgically-induced wounds. On the basis of histological examination of
the wound tissue, it was concluded that the ointment increased glycoprotein, nucleoprotein, and collagen
metabolism at the site’.

Salinity is one of the major stresses in arid and semi-arid regions causing adverse effects at
physiological, biochemical and molecular levels, limiting flowering and crop productivity®’. Salt Stress can
disturb growth and photosynthetic processes by causing changes in the accumulation of Na™ Cl *, and nutrients
and disturbance in water and osmotic potential®. The increasing concentration of Na“and C1~ in water irrigation
suppresses the uptake of essential nutrients N, P and K and alters ionic relationships’.). In fact, the most serious
threat to agriculture is salinity; salinity water is a major harmful factor worldwide'’.

Salicylic acid (SA) is an endogenous growth regulator of the phenol nature, which participates in the
regulation of physiological processes in plants. It plays an important role in the plant response to adverse
environmental conditions such as salinity''. Salicylic acid (2- hydroxybenzoic acid) may help regulate several
plants functions, including systemic acquire resistance to pathogens and the formation of flowers'>. Recent
review has demonstrated physiological and biochemical processes in plants and it is considered
phytohormones'® among the morphogenetic processes affected by salicylic acid were flowering.

This investigation was carried out to evaluate the influence of different levels of foliar-applied SA on
the flowering and some chemical compositions of Calendula officinalis L. under salinity irrigation.

Materials and Methods

The experimental trials were carried out during two successive seasons (2011/ 2012 and 2012/2013) at
the green house of the National Research Centre, Cairo, Egypt. It was intended to find out the individual and
combined effect of different levels of salinity and salicylic acid doses as foliar applications on growth,
flowering and chemical constituents of Calendula officinalis L.

Calendula officinalis L. seeds were secured from Medicinal and Aromatic plants Research section,
Ministry of Agriculture. The soil of the experimental site was sandy. The investigated soil characterized by
77.5% coarse sand, 10.4%fine sand,5.6% silt and 6.5%clay, pH 7.7, EC1.3 dSm™, CCo;2.51%, k" 0.4, Na" 2.3,
CO™ 1.0, Mg"" 0.7, HCOs 2.3, CI'1.8 and SO4,0.2meqL". The physical and chemical properties of the soil were
determined '*. Seeds were sow in pots (30 cm in diameter) filled with 12 kg of sandy soil on the 15" October of
each seasons. Three salinity levels were prepared (1000, 2000 and 3000ppm) by adding sodium chloride +
calcium chloride (1:1v/v) far irrigating seedlings with previously prepared Stalinized. The untreated plants
(control) were irrigated with tap water. One liter of water to each pot twice a week through the course of the
study (7 months). On the 15" of December seedlings were sprayed three times (30, 50 and 70 days from
sowing) there concentrations of salicylic acid namely (0, 50and 100 ppm) as foliar spray to cover completely
the plant foliage. The statistical layout of the experiment was completely Randomized Design of 2 factors (3
salicylic acid x 4 salinity concentrations) each treatment included5 replicates; each replicate consisted of five
plants. Each pot was fertilized twice with 2.5 g nitrogen as ammonium nitrate (33.5 % N) and 209 calcium
super phosphate (15% P,0s) and 2.0 g potassium sulphate (48.5 K,0,) per pot these fertilizers were applied at
30 and 60 days from sowing. Other agricultural processes were performed according to normal practical.

The flowers were collected biweekly starting the beginning of 1% March2012 and 2013 till1*May 2012
and 2013 March from transplanting. Meanwhile, two plants samples were taken from each treatment at
(150,165 and 180 days from sowing).

The following data were recorded, flowers number/ plant, flower diameter (cm) and fresh and dry
weight of flowers. All previous data were subjected to statistical analysis according to procedure out lined ".
Treatments means were compared by L.S.D. test and the combined analysis of the two seasons were calculated
' Total carbohydrates percentage was determined '’. (1956). Total nitrogen was determined (on a dry matter
basis) using the modified Micro kjeldahl method '* . Total protein % was calculated by multiple total Nx 6.25.
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Results and Discussion
Flowering characteristics:

Data concerning the effect of various salicylic acid and different water salinity levels on flowering
characters are presented in Tables (1-3). Four parameters pertaining to flowering characteristics were evaluated
which involved: Flowers number plant, flower diameter (cm), fresh and dry weight of flowers (g) compared
with control plants after 1 2 ™ and 3 ™ collection ( 150, 165 and 180 days) from transplanting. All flowers
parameters significantly decreased with increasing salinity levels, while the lowest values of criteria were
obtained unde r that of 3000ppm. Reduction in flowering parameters may ensue from the plants inability to
adjust somatically, counteraction toxicities or related disruptive phenomena or from the excessive energy

demand placed upon the metabolic machinery required by such homeostatic systems'**.

Table 1:Flowers characters of Calendula officinal L. plant of the first sample as affected by salicylic acid
(SA) and irrigation with saline water (average two seasons).

racters Flowers Flowers frill:)vvvvzl;;h ¢ Flowers dry
Treatments number/plant | diameter (cm) (@) weight (g)
salicylic acid (SA) ppm
0 7.80 2.77 12.56 3.15
100 8.93 291 14.36 3.49
200 10.04 3.08 15.16 3.68
LSD 5% 0.4 0.02 0.2 0.03
Salinity (S) ppm
0 12.27 3.45 17.33 4.16
1000 8.71 3.19 13.47 3.64
2000 7.82 2.81 13.19 3.28
3000 6.88 2.12 12.11 2.66
LSD 5% 0.6 0.04 0.4 0.05
Interaction (ppm)
SA0+S0 9.71 3.15 13.31 3.63
SA 0+ S1000 8.12 3.13 13.00 3.50
SA 0+ S2000 7.35 2.67 12.76 3.11
SA 0+ S3000 7.01 2.11 11.15 2.35
SA 100 + S0 12.11 3.45 18.12 4.12
SA 100 + S1000 8.71 3.18 13.51 3.67
SA 100 + S2000 7.76 2.81 13.25 3.35
SA 100 + S3000 7.12 2.19 12.57 2.81
SA 200 + S0 15.00 3.76 20.55 4.73
SA 200 + S1000 9.31 3.25 13.91 3.75
SA 200 + S2000 8.35 2.95 13.57 3.39
SA 200 + S3000 7.51 2.35 12.61 2.83
LSD 5% 1.3 0.06 0.8 0.09




Hashish, Kh.I S.et a/ /Int.J. ChemTech Res. 2015,8(6),pp 890-897.

893

Table 2: Flowers characters of Calendula officinal L. plant of the second sample as affected by salicylic
acid (SA) and irrigation with saline water (average two seasons).

racters Flowers Flowers frill(l)vvvvzl;;h ¢ Flowers dry
Treatments number/plant | diameter (cm) (@) weight (g)
salicylic acid (SA) ppm
0 10.86 3.24 15.94 343
100 13.02 3.35 18.70 4.07
200 14.13 3.45 21.36 4.67
LSD 5% 0.3 0.01 0.4 0.03
Salinity (S) ppm
0 16.73 4.31 25.94 5.72
1000 13.10 3.71 18.47 4.09
2000 11.07 2.8 16.84 3.63
3000 9.78 2.56 13.41 2.79
LSD 5% 0.5 0.02 0.6 0.06
Interaction (ppm)
SA0+S0 12.71 4.11 18.85 4.35
SA 0+ S1000 11.53 3.67 18.00 3.56
SA 0+ S2000 10.50 2.71 15.61 3.17
SA 0+ S3000 8.71 2.46 11.31 2.65
SA 100 + S0 17.36 4.31 26.35 5.67
SA 100 + S1000 13.61 3.69 18.11 4.07
SA 100 + S2000 11.00 2.83 16.73 3.73
SA 100 + S3000 10.11 2.56 13.61 2.81
SA 200 + S0 20.11 4.51 32.63 7.15
SA 200 + S1000 14.17 3.76 19.31 4.63
SA 200 + S2000 11.71 2.86 18.17 4.00
SA 200 + S3000 10.51 2.65 15.31 291
LSD 5% 0.8 0.04 0.9 0.09
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Table 3: Flowers characters of Calendula officinal L. plant of the third sample as affected by salicylic
acid (SA) and irrigation with saline water (average two seasons).

racters Flowers Flowers frill(lwvvvzl;;h ¢ Flowers dry
Treatments number/plant | diameter (cm) (@) weight (g)
salicylic acid (SA) ppm
0 26.88 4.57 29.35 6.74
100 30.18 5.22 32.10 7.81
200 34.53 5.55 35.30 8.91
LSD 5% 09 0.02 0.9 0.5
Salinity (S) ppm
0 39.78 5.64 38.83 10.86
1000 31.92 5.22 33.06 8.21
2000 27.23 5.02 29.95 6.52
3000 23.59 4.57 27.16 5.66
LSD 5% 1.3 0.04 1.2 0.7
Interaction (ppm)
SA 0+ S0 33.11 5.00 36.00 8.85
SA 0+ S1000 30.11 4.61 29.54 7.16
SA 0+ S2000 2431 4.50 27.11 5.81
SA 0+ S3000 20.00 4.15 24.75 5.12
SA 100+ S0 38.91 5.75 38.75 10.93
SA 100 + S1000 31.31 5.37 3291 8.17
SA 100 + S2000 26.35 5.10 29.61 6.51
SA 100 + S3000 24.13 4.67 27.11 5.61
SA 200+ S0 46.11 6.16 41.73 12.81
SA 200 + S1000 34.35 5.68 36.73 9.31
SA 200 + S2000 31.03 5.45 33.13 7.25
SA 200 + S3000 26.64 4.89 29.61 6.25
LSD 5% 2.1 0.06 2.2 1.0

Foliar application of salicylic acid treatments on marigold plants significantly increased number of
flowers / plant, flower diameter (cm) and fresh and dry weight of flowers (g) compared with the control plants
treatments. Foliar application of salicylic acid at 200ppm gave the highest significant increases in flowering
parameters. The number was obtained at 3™ collection, while the lowest was obtained after at 1% collection.
Similar trend was found in other characters. This positive effect of SA were attributed to enhanced
COsassimilation, chlorophyll concentration, photosynthetic rate and increased mineral uptake by stressed plants
treated with SA*"* .

Concerning the role salicylic acid on elevated negative effect of salinity water of Calendula officinalis
plants, data in Table (1-3) indicated that spraying of SA at the two levels increased all flowering parameters.

In this context, it can be assumed that application of exogenous SA enhanced the salt stress resistance
of plants™, but the results were contradictory and depended on the developmental phase of plants®* . The SA has
been suggested to be physiologically important in stress tolerance since exogenous, SA brought about plants
tolerance to various a biotic stress including salt® .

Chemical constituents:
Total carbohydrates contents:

According to the data in Table (4), it is evident that all solidity treatments caused a decrement on total
carbohydrates contents in leaves, stems and roots compared with the control means with clear effect when high
levels were used. The reduction on in total carbohydrate as solidity levels increasing might have relation to
respiration processes since the free sugar were the main sugar pattern involve in the mechanism of respiration®*
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As for the effect of salicylic acid on carbohydrates percentages, application of SA at 200ppm gave the
highest valves of total carbohydrates percentage as compared with the untreated plants. The increment was
41.24% in leaves, 53.9% in stems and 30.38% in roots compared with control. This effect might be due to the
effect of SA on enzymatic activity and translocation of the metabolites to the plants organs. These results are
agreement with those obtained by”"** .

The significant interaction effect among the two studied factors (salinity x salicylic acid) on
carbohydrate percentage values were found when using salinity at zero ppm combined with 200 ppm SA. The
increases total carbohydrate contents fallowing SA application could be the indicator of build up of a protective
mechanism to reduce oxidative damage induced by salt stress.

Table 4: Nitrogen, protein and carbohydrates of Calendula officinal L. plant as affected by salicylic acid
(SA) and irrigation with saline water (average two seasons).

()

Treatments racters Nitrogen % Protein % Total carbohydrates %

Leaves | Stems Roots
salicylic acid (SA) ppm
0 1.36 8.50 25.80 22.48 23.28
100 1.64 10.25 34.49 31.76 25.75
200 1.74 10.88 36.44 34.60 30.40
Salinity (S) ppm
0 1.72 10.75 35.96 34.22 29.21
1000 1.61 10.06 33.24 29.99 27.56
2000 1.53 9.56 31.05 28.16 26.04
3000 1.47 9.19 28.72 26.07 23.35
Interaction (ppm)
SA0+S0 1.57 9.81 28.17 25.21 25.61
SA 0+ S1000 1.44 9.00 27.00 23.00 25.00
SA 0+ S2000 1.27 7.94 25.01 21.71 23.00
SA 0+ S3000 1.16 7.25 23.03 20.01 19.51
SA 100+ S0 1.69 10.56 38.11 37.61 29.03
SA 100 + S1000 1.65 10.31 35.71 31.74 26.31
SA 100 + S2000 1.63 10.19 33.11 29.67 25.13
SA 100 + S3000 1.59 9.94 31.02 28.00 25.13
SA 200+ S0 1.89 11.81 41.61 39.83 33.00
SA 200 + S1000 1.73 10.95 37.00 35.24 31.37
SA 200 + S2000 1.69 10.56 35.03 33.11 30.00
SA 200 + S3000 1.65 10.31 32.11 30.21 28.02

Nitrogen contents and protein:

Results in Table (5) indicated that nitrogen, and protein % in shoots gradually increased by increasing
salicylic acid levels. This effect might be due to these substances on enzyme activity and translocation of the
metabolites to shoots.

All salinity treatments reduced N and protein % in shoots and the greatest reductions resulted from the
highest salinity level (3000ppm) **. Stalinization impaired N accumulation and in corporation into protein and
raised total free amino acid accumulation in sanitized plant. Also, it can be suggested that amino acids can act
as comments of salt tolerance mechanism and build up a favorable osmotic potential inside the cell in order to
combat at the effect of which replaced nitrate in the vacuoles®'.

The highest nitrogen and protein % in shoots were recorded when foliar application of 200ppm
salicylic acid combined with tap water, which recorded (27.94 and 28.0%), respectively, compared with control
plants. The increases in the activity of antioxidant enzymes following salicylic acid application could be the
indicator of build —up of a protective mechanism to reduce oxidative damage induced by salt stress.
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