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ABSTRACT  

This study was carried out at the Department of Ornamental Horticulture, Faculty of 
Agriculture, Cairo University, Egypt, during the two successive seasons of 2015/2016 and 2016/2017. 
Salinity had adverse effects on plant productivity, so the objective of this study was to evaluate the 
effect of Atonik (1.8% Nitrophenolate) at the rates of 0, 1and 2 ml/L as a foliar application on 
Calendula officinalis plants grown under salt stress with four salinity levels (0, 1000, 2000 and 3000 
ppm). The results showed that salinity treatments caused a significant reduction in all vegetative 
parameters, while the highest values obtained from plants irrigated with tap water and sprayed with 
Atonik at the rate of 2 ml/L. Spraying the stressed plants with Atonik at 2 ml/L resulted the highest 
vegetative parameters and total chlorophylls than plants spraying with Atonik at 1 ml/L under the 
same salt concentrations. The highest mean value of proline and sodium contents were obtained in 
plants irrigated with 3000 ppm saline water and untreated with Atonik treatment. From these results, it 
could be concluded that, saline stressed plants could have vegetative growth similar to non-stressed 
plants by spraying them with Atonik at the rate of 2ml/L. 
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Introduction 

Marigold (Calendula officinalis), is one of the most important members of family Asteraceae. 
It is annual plant used as a medicinal and ornamental plants. The native of marigold is central and 
Southern Europe, Western Asia and the USA. It is growing up to 80 cm with yellow flowers. The 
flower of marigold is a 5 to 7 cm composite flower head (Mulley et al.,  2009). Essential fat and 
pigments from this marigold used for ingredients of medicinal products ( Mohammad, and Kashani 
2012). Marigold is used as diaphoretic and anti-inflammatory skin (Khavarinejad and Amico, 2004).  
Marigold extract containing creams and gels are used to treat skin irritation, inflammation, and burns, 
especially after radiotherapy (Edwards et al., 2015). 

Salinity is the one of abiotic stress determining plant productivity and plant distribution. 
Salinity affects more than 19.5 % of the irrigated land and 2.1 % of the dry-land agriculture existing 
on the globe (FAO, 2000).  Salt stress induces significant changes in plant growth depending on ionic 
toxicity and osmotic stress which generate oxidative stress (Parida and Das, 2005).  

 Atonik is a synthetic growth regulator of auxin group used as a bio-stimulator for plant 
growth. The positive effect of Atonik is preferable when plants grow under stress conditions. The 
mechanism of action through increased nutrient uptake by increased cytoplasmic streaming and 
prolongation of auxin activity (Przybysz et al., 2014) 

The objective of this study was to investigate the effect of using Atonik treatments to 
overcome the adverse effects of the water salinity on growth and chemical composition of Calendula 
officinalis plants. 

 
Materials and Methods  
 

 This investigation was conducted at the Department of Ornamental Horticulture, Faculty of 
Agriculture, Cairo University, Giza, Egypt during seasons 2015/2016 and 2016/2017 to evaluate the 
effect of Atonik as a foliar application on some morphological, chemical changes of Calendula 
officinalis plants grown under salt stress. 
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Experimental Procedures  
The seedlings of Calendula officinalis double-flowered cv. were obtained from commercial 

nurseries in Fayoum governorate, Egypt. On the 1st of October, 2015/2016 and 2016/2017 (in the first 
and second seasons, respectively) the transplants (10-15 cm) tall were planted in plastic pots (30 cm) 
at the experimental field. Pots filled with equal amounts of homogeneous soil mixture of clay and 
sand (2:1) with the following characteristics: sand 70.30 %, silt 10.15 %, clay 19. 25 %, pH 7.80 , EC 
2.40  dS/m, available N 7.30 ppm, available P 4.40 ppm, available K 0.83 ppm, and CaCO3 0.26%.  

On 30th October, plants were irrigated with four levels of saline water (0, 1000, 2000 and 
3000 ppm). Plants were irrigated weekly with gradually increasing salinity concentration until 
reaching the desired salinity levels. In both seasons, the plants sprayed monthly from 1st December till 
1st February with Atonik (1.8% Nitrophenolate) at the rates of 0, 1and 2 ml/L. Control plants were 
sprayed with tap water. Recommended dose of chemical fertilizers were used at the rate of 5 g per pot 
ammonium nitrate (33.5% N), 7 g per pot calcium superphosphate (15.5% P2O2) and 3 g per pot 
potassium sulphate (48% K2O). Chemical fertilizers were divided into two equal doses; the first dose 
was added 30 days after transplanting, while the second dose was added 45 days after the first dose. 
Artificial seawater was prepared by mixing sodium chloride, calcium chloride and magnesium 
chloride according to methods described by Kester et al. (1967). 
 
Layout of the Experiment 

This experiment was designed using randomized complete block design with two factors; the 
first was salt stress (4 levels) and the second was Atonik treatments (3rates). The experiment included 
12 treatments which were the combination of four salinity levels (0, 1000, 2000 and 3000 ppm) and 
three Atonik rates (0,1and 2 ml/L) with three replicates. Each treatment included 15 pots. 

 
Recorded data 

On 15th March 2015/2016 and 2016/2017 the plants were harvested and data were recorded on 
the following characteristics: 

 
Vegetative growth 

The following characters were recorded; plant height (cm), number of branches/plant, leaf area 
(cm2), herb fresh weight (g/plant), herb dry weight (g/plant) and total number of inflorescences/plant. 

 
Chemical composition 
- Total chlorophylls (mg/g. fresh leaf weight)  samples were determined by Chlorophylls meter 

SPAD according to (Netto et al.,2005) 
- Proline was determined according to the acid-ninhydrin method described by Bates et al. (1973) in 

the all treated and untreated plants. 
- Sodium content (Na%) was determined using a Pye Unicum atomic absorption spectrophotometer 

with a boiling air acetylene burner and recorded read out(Isaac and Kerber, 1971). 
- Chlorine content was determined according to Brown and Jackson(1955). 

 
Statistical analysis 

Recorded data on vegetative growth were statistically analyzed and separation of means was 
performed using the Least Significant Difference (L.S.D.) test at the 5% level (Little and Hills, 1978). 

 
Results and Discussion 
 
Vegetative growth 

The data in (Tables 1 and 2) illustrated the effect of saline water on all vegetative parameters of 
Calendula officinalis plants including plant height, number of branches, leaf area, herb fresh weight , 
herb dry weight and  total number of inflorescence / plant significantly decreased by application of 
saline water compared with plants irrigated by tap water (control plants). Control plants gave the best 
vegetative parameters with mean value of plant height (33.11 and 34.5 cm), number of branches (8.90 
and 7.93), leaf area (36.5 and 31.01 cm2), herb fresh weight (185.3 and 198.4 g/plant) , herb dry 
weight (31.75 and 35.30 g/plant) and total number of inflorescence / plant (11.67 and 12.99)  in the 
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first and second seasons, respectively. Data in Tables (1 and 2) showed that all salt treatments caused 
a significant reduction in all vegetative parameters. The high salt concentration (3000 ppm) produced 
the highest reduction of plant height 23.9 and 24.63 cm, number of branches 5.11 and 5.90, leaf area 
18.65 and 15.74 cm2, herb fresh weight 137.6 and 137.8 g/plant, herb dry weight 23.44 and 23.03 
g/plant and total number of inflorescence / plant (8.55 and 10.87) compared to untreated plants in the 
first and second seasons, respectively. Similar studies were reported by Nofal et al. (2015) and 
Kozminska et al., (2017) found the reduction in the vegetative growth of Calendula officinalis as a 
result of the high salt application. The inhibitory effect on plant growth might be caused by 
morphological and physiological effects (Kozminska et al., 2017). The increasing of soil salinity 
decreased plant growth because of the effect of salt on plant roots (Munns and Tester, 2008). Also, the 
reduction in plant growth might be due to the reduction of cell division and cell elongation. This may 
be attributed to the increase of losing water by leaves so it effects on reproduction development 
(Fricke and Peters, 2002). Lambers et al. (2008) mentioned that salinity caused nutrient supply 
decline relative to plant demand. Plants show a decrease in vacuolar reserves, greatly reduced 
photosynthesis and reduced rates of leaf growth. 
 
Table 1: Effect of salinity and Atonik application on plant height (cm), number of branches/plant and 

leaf area (cm2) of Calendula officinalis L. 
 First season 
 Plant height(cm) Number of branches Leaf area(cm2) 

 Control A1 A2 Mean 
(A) 

Control A1 A2 Mean 
(A) 

Control A1 A2 Mean 
(A) 

Control  28.96 33.25 37.13 33.11 8.00 8.417 10.29 8.93 30.81 36.35 42.33 36.50 
S1 28.29 33.00 34.38 31.89 6.12 6.71 7.00 6.61 26.28 31.69 33.36 30.45 
S2 26.13 28.21 29.13 27.82 6.00 6.42 6.12 6.18 21.83 22.44 24.35 22.87 
S3 21.83 24.71 25.17 23.90 4.58 5.42 5.33 5.11 17.59 18.15 20.19 18.65 
Mean(S) 26.30 29.79 31.45  6.18 6.74 7.19  24.13 27.16 30.06  
L.S.D (0.05)  

S  1.11    0.33    1.85   
A  1.82    0.28    1.16   

S* A  1.93    0.58    3.21   

 Second season 
Control  33.29 33.67 36.54 34.50 6.96 7.542 9.29 7.93 25.78 32.75 34.49 31.01 
S1 30.63 31.92 33.29 31.94 6.00 6.292 6.00 6.10 25.05 27.48 29.55 27.36 
S2 27.17 28.67 29.75 28.53 4.83 6.25 6.71 5.93 18.73 20.61 22.94 20.76 
S3 23.50 24.46 25.92 24.63 5.58 5.875 6.25 5.90 14.27 16.02 16.93 15.74 
Mean(S) 28.65 29.68 31.38  5.84 6.49 7.06  20.96 24.21 25.98  
L.S.D (0.05) 

S  1.48    0.70    0.93   
A  1.44    0.29    0.35   

S* A  2.56    1.22    1.61   

*S1= saline water at 1000 ppm, S2= saline water at 2000 ppm, S3= saline water at 3000ppm, A1= 1 ml/L 
atonik, A2=2 ml/L atonik 

 
Data concerning the effect of Atonik treatments on Calendula officinalis plant growth was 

presented in Tables (1 and 2). Vegetative parameters were significantly affected by spraying Atonik. 
In both seasons, the plants spraying with Atonik at 2 ml/L gave the highest vegetative characters. The 
highest increasing of plant height (31.45 and 31.38 cm), number of branches (7.19 and 7.06 branches), 
leaf area (30.06 and 25.98 cm2), herb fresh weight (171.6 and 191.4 g/plant) , herb dry weight (29.25 
and 34.05 g/plant) and total number of inflorescences / plant (13.67 and 15.16) in the first and second 
seasons, respectively. On the other hand, control plants formed the lowest vegetative growth 
parameters plant height (26.3 and 28.65 cm), number of branches (6.17 and 5.84 branches), leaf area 
(24.13 and 20.96 cm2) in the first and second seasons, respectively. The increasing of plant growth as 
a result of spraying Atonik is similar to result recorded by Kieltyka- Dadasiewicz (2010) on Leonurus 
cardiac and Kolodziej (2008) on Solidago virgaurea. Also, Sitinjak (2015) mentioned that Atonik is 
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an effective compound in activating the enzymes and accelerates the plasma flow in all cells that in 
turn causes that all parts of the plant will grow faster and stronger. 

The interaction between salt stress and Atonik treatments had a significant effect on all 
vegetative parameters of Calendula officinalis plant as shown in Tables 1 and 2. The highest values of 
vegetative parameters obtained from plants irrigated with tap water and spraying with Atonik at the 
rate of 2 ml/L. with mean values of plant height (37.13 and 36.54 cm), number of branches (10.29 and 
9.29 branches), leaf area (42.33 and 34.49 cm2), herb fresh weight (219.6 and 250.2 g/plant) , herb dry 
weight (37.7 and 48.69 g/plant) and total number of inflorescences / plant ( 13.70 and 16.00 )   in the 
first and second seasons, respectively. On the other hand, the highest reduction of vegetative 
parameters obtained from plants irrigated with the highest salt concentration (3000 ppm). From data 
presented in Tables (1 and 2) it could be noticed that in most cases, spraying plants with Atonik 
reduced undesirable effect of salt stress. Plants spraying with Atonik at 2 ml/L and irrigated using salt 
concentrations at (1000, 2000 and 3000 ppm) gave vegetative parameters higher than plants spraying 
with Atonik at 1 ml/L under the same salt concentrations and control plants. Haroun et al. (2011) 
mentioned that the stimulation of plant growth caused by Atonik treatments may be due to the 
increase in the nutrients uptake from the soil and the level of the endogenous hormone. 
 
Table 2: Effect of salinity and Atonik application on herb fresh, dry weights (g/plant) and total 

number of Inflorescence / plant of Calendula officinalis L. 
 First season 
 Herb Fresh weight (g/plant) Herb dry weight  (g/plant) Total number of Inflorescence / plant 

 Control A1 A2 Mean 
(A) 

Control A1 A2 Mean(A) Control A1 A2 Mean(A) 

Control  180.6 155.7 219.6 185.3 30.30 27.25 37.70 31.75 11.33 10.00 13.7 11.67 
S1 163.3 163.2 169.1 165.2 25.48 25.73 28.89 26.70 10.33 6.00 15.00 10.44 
S2 145.4 149.0 153.5 149.3 25.15 24.85 26.56 25.52 7.67 8.33 15.33 10.44 
S3 131.1 137.6 144.0 137.6 22.67 23.80 23.85 23.44 8.66 6.33 10.67 8.55 
Mean(S) 155.1 151.4 171.6  25.90 25.41 29.25  9.498 7.66 13.67  

L.S.D (0.05)  

S  12.64    1.948    0.59   

A  10.53    1.346    0.59   

S* A  21.89    3.374    1.03   

 Second season 
Control  192.3 152.8 250.2 198.4 30.78 26.42 48.69 35.29 10.33 10.30 16.00 12.21 
S1 147.3 165.6 176.0 162.9 25.71 27.18 31.59 28.16 14.66 8.66 15.66 12.99 
S2 163.8 148.4 185.2 165.8 24.70 25.67 29.74 26.70 5.300 9.00 17.00 10.43 
S3 134.6 124.7 154.1 137.8 21.54 21.38 26.17 23.03 10.30 10.33 12.00 10.87 
Mean(S) 159.5 147.9 191.4  25.68 25.16 34.05  10.14 9.57 15.16  

L.S.D (0.05)  
S  16.32    1.95    0.62   
A  11.76    1.10    0.19   

S* A  28.27    5.81    1.07   

*S1= saline water at 1000 ppm, S2= saline water at 2000 ppm, S3= saline water at 3000ppm, A1= 1 ml/L 
atonik, A2=2 ml/L atonik 
 
Total chlorophylls content (SPAD).  

The result in Table (3) showed that salt stress and Atonik treatments had a considerable effect 
on the synthesis and accumulation of pigments in the leaves of Calendula officinalis. Raising salt 
concentration in the irrigation water resulted a steady reduction in the total chlorophylls, which 
reached its lowest values of (total chlorophylls 37.30 and 38.26 SPAD) in the first and second 
seasons, respectively) at the highest salt concentration (3000 ppm) compared to control plants which 
gave the highest value of total Chlorophylls. The decreases in total chlorophylls content as a result of 
raising salt concentration in irrigation water is agreement with the results reported by Lacramioara et 
al., (2014) and Kozminska et al.,(2017)  on Calendula officinalis on Moldavian dragonhead. 
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The data presented in Table (3) showed that the total chlorophylls in the leaves significantly 
affected by Atonik treatments. The stimulation of the Chlorophylls in Calendula officinalis plants 
treated with Atonik, appear to coincide with the stimulated in leaf area as shown in Table (1). Total 
chlorophylls in the leaves increased in plants sprayed with Atonik at level of 2 ml/L (52.58 and 49.44 
SPAD); followed by plants sprayed with Atonik at 1 ml/L (47.53 and 46.53 SPAD) compared with 
control plants which gave the lowest value of total chlorophylls in the leaves (45.29 and 44.66 SPAD) 
in the first and second seasons, respectively. This increase in total chlorophylls as a result of some 
Atonik treatments is in agreement with the finding of   Heikal (2017) on   Salvia farinacea plants. 

Regarding the interaction between the effects of saline irrigation  water and Atonik treatments 
on total chlorophylls in the leaves, data presented in Table (3) indicated that,  the highest values of 
total chlorophylls  were (68.13 and 61.10 SPAD in the first and second seasons, respectively) were 
found in the leaves of plants irrigated with tap water and sprayed with  Atonik at 2 ml/L. Whereas, the 
lowest values of total chlorophylls were ( 35.00 and 34.97 SPAD in the first and second seasons, 
respectively) were obtained from plants irrigated with saline water at 3000 ppm without spraying  
with atonik.  
 
Table 3: Effect of salinity and Atonik application on total chlorophylls (SPAD) of Calendula 

officinalis L. 
 Total Chlorophylls 
 First season Second season 
 Control A1 A2 Mean (A) Control A1 A2 Mean(A) 
Control  54.43 55.60 68.13 59.39 52.17 52.83 61.10 55.37 
S1 49.67 50.80 52.97 51.14 47.83 49.27 50.10 49.07 
S2 42.07 47.57 48.47 46.03 43.67 44.83 45.93 44.81 
S3 35.00 36.13 40.77 37.30 34.97 39.17 40.63 38.26 
Mean(S) 45.29 47.53 52.58  44.66 46.53 49.44  
L.S.D (0.05)  

S  4.398      2.341     

A  4.139      1.695     

S* A  N.S    3.391   

*S1= saline water at 1000 ppm, S2= saline water at 2000 ppm, S3= saline water at 3000ppm, 
 A1= 1 ml/L atonik, A2=2 ml/L atonik 

 
Proline, sodium and chloride contents  

Results of the chemical analysis of leaf samples taken from plants receiving different 
irrigation water salinity treatments (Table, 4) showed that, with increasing the level of salinity in 
water, the proline, sodium and chloride contents were generally increased. Accordingly, the plants 
irrigated with the highest salt concentration (3000 ppm) had the highest mean values of proline (0.89 
and 1.02 %), sodium (3.77 and 3.84%), and chloride (2.11 and 1.91%) in the first and second seasons, 
respectively. On the other hand, plants irrigated with tap water had the lowest mean values of proline, 
sodium and chloride contents. 

Regarding the interaction effect between salt stress and Atonik on proline, sodium and 
chloride contents.  It is clear from data in Table(4) showed that the highest mean values of proline, 
sodium, and chloride contents were obtained in plants irrigated with saline water 3000 ppm and 
receiving no Atonik treatment (1.66, 1.66 % for proline, 3.90, 4.59%  for sodium and  2.21, 2.01% for 
chloride) in the first and second seasons, respectively.  On the other hand, the lowest values of proline 
, sodium and chloride (0.28 and 0.26 % for proline, 0.80 and 0.76 % for sodium and 1.03 and 0.96 % 
for chloride) in the first and second seasons, respectively were obtained from plants irrigated with tap 
water and sprayed with Atonik at 2 cm /L.    

 Similar results were reported by Kozminska et al. (2017)   on Calendula officinalis. The 
considerable enhancement of proline accumulation in plants grown under salt stress may be lead to 
the proline plays a role in plant tolerance under stress. This role was explained by Greenway and 
Munns(1980), they found that proline can be considered as a stabilizer of osmotic pressure within a 
cell and can make a contribution to cytoplasmic osmotic adjustment . 
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Table 4: Effect of salinity and Atonik application on proline, sodium and chloride contents (%) of 
Calendula officinalis L. 

 First season 

 Proline content Sodium content Chloride content 

 Control  A1 A2 Mean 
(A) 

Control  A1 A2 Mean(A) Control  A1 A2 Mean(A) 

Control  0.60 0.51 0.28 0.46 1.46 1.29 0.80  1.18 1.10 1.13 1.03  1.08 
S1 0.74 0.51 0.44 0.56 1.80 1.87 1.60  1.76 1.34 1.36 1.30  1.33 
S2 1.23 0.53 0.47 0.74 2.86 2.83 2.60  2.76 1.54 1.61 1.52  1.56 
S3 1.66 0.53 0.48 0.89 3.90 3.89 3.53  3.77 2.21 2.14 1.97  2.11 
Mean(S) 1.06 0.52 0.42   2.51 2.47 2.13   1.54 1.56  1.46   
L.S.D (0.05)   

S  0.04    0.32    0.22     
A  0.10    0.17    0.06     

S* A  0.20    0.34    N.S   

 Second season 
Control  0.90 0.68 0.26 0.61 1.51 1.38 0.76 1.22 1.24 1.12 0.96 1.10 
S1 1.18 0.69 0.46 0.78 2.08 1.70 1.51 1.76 1.43 1.43 1.29 1.38 
S2 1.43 0.77 0.57 0.92 2.76 2.65 2.37 2.59 1.65 1.55 1.51 1.57 
S3 1.66 0.78 0.60 1.02 4.59 3.75 3.19 3.84 2.01 2.02 1.69 1.91 
Mean(S) 1.29 0.73 0.47   2.73 2.37 1.96   1.58 1.53 1.36   
L.S.D (0.05)  

S  0.04    0.47    0.17     
A  0.06    0.12    0.04     

S* A  0.12    0.24    0.08   

 *S1= saline water at 1000 ppm, S2= saline water at 2000 ppm, S3= saline water at 3000ppm, A1= 1 ml/L 
atonik, A2=2 ml/L atonik 
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