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The distribution of plants on the planet is associated with high temperatures as a limiting factor. Indian almond 

seedlings were planted in pots subjected to ascorbic acid (AsA) and calcium chloride alone or combined to reduce 

the negative impact of high field temperature. All treatments improved growth parameters compared with the control. 

The combined treatments increased chlorophyll content. In contrast, AsA 100 combined with calcium chloride 500 

increased carotenoid pigment. However, the treatments modulated proline, total soluble carbohydrate, phenolic, 

and AsA contents. Heat stress increased abscisic acid (ABA) content and electrolyte leakage percentage, whereas 

calcium decreased. AsA 50 mg/L decreased ABA and electrolyte leakage, whereas calcium increased. The treatments 

modulated protein profile in the number of proteins separated into bands on the gel. The thickness and density of 

these bands indicate differences in the molecular weights of proteins by treatments. The seedlings responded to heat 

stress during the 2nd week in July 2021, and the control treatment was more responsive to the temperature rise than the 

other treatments. The adaptation of the Indian almond plants to high temperatures during the summer in semi-tropical 

regions is possible using AsA and calcium chloride to reduce heat stress damage on the plant. 
 

 

 

1. INTRODUCTION 

Plant adaptation to critical environmental conditions depends on the 

most significant temperature and length of exposure, the sort of plant, 

and other ecological elements [1]. Botanists interested in temperature 

stress seek to find the plant reactions to warm resilience and explore how 

plants manage in high-temperature environments [2].The temperature 

is constantly increasing in Iraq and the world, where it is expected 

that the temperature will increase by 5°C in the year 2100 and that the 

transfer of temperature to and from the plant depends on the difference 

between the temperatures of the plant and the environment in which 

it is developing, as the exposure of the plant to a high temperature 

leads to drought and deterioration of growth the plant [3]. The stress 

resulting from high temperature causes a reduction in photosynthesis 

and most of the physiological activities in the plant. And effect on cell 

membranes and proteins, as some resistant plants produce a group of 

heat shock proteins (HSPs) that contribute to protecting the planet 

from the effect of high temperatures, which include small molecular 

weights [2]. 

The availability of excellent and vigorous seedlings is one of the most 

important means of spreading and developing multipurpose plants, 
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including Indian almonds [4]. The Indian almond (Pithecellobium 

dulce) is a perennial tree grown as an ornamental plant in gardens and 

parks. It is also used for fixing dunes and planting forests. Mature trees 

are often used for decoration for the beauty of their appearance, as 

they have straight trunks topped with horizontal branches and dark 

green leaves. The flowers are oval, grow at the branches’ end, and 

are greenish-white [5]. The Indian almond requires adequate care, 

especially during the summer period. They are deciduous plants that 

need low temperatures during the winter and moderate temperatures 

for the spring and summer [6]. Adapting plants to external conditions 

provide additional factors that improve plant tolerance to unfavorable 

environmental conditions and enhance biochemical processes [7]. 

The plant management process requires the development of 

mechanisms and technologies based on bearing environmental stress 

and limiting its adverse effects on agriculture and production [1]. 

Therefore, it is necessary to use some mechanisms that increase the 

heat tolerance of the Indian almond plant, especially in the Middle 

East, which is witnessing increases in temperature during spring and 

summer. Among these mechanisms or technologies is the exogenous 

application of some osmotic-modifying compounds, such as calcium, 

or antioxidants, such as ascorbic acid (AsA). AsA plays an essential 

role in plant advancement, signaling of hormones, the cycle of cells, 

and the redox system of the cell. The AsA content in plant chloroplasts 

indicates its essential role in the photosynthetic system [8]. Ascorbate 

is a significant plant metabolite that protects plants from environmental 

stresses such as salinity and high temperature [9]. AsA is an indicator 
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compound in many studies related to stress relief and is considered 

one of the most effective growth regulators in different environmental 

stresses [10]. 

Calcium regulates the plant’s response to environmental stresses, such 

as heat stress [11]. Heat stress increases cellular calcium ion content, 

reducing the harmful effects of high temperatures and enabling plant 

cells to survive better [12]. Exogenous calcium treatment has been 

displayed to further develop heat resistance in many plants, which may be 

related to increased activities of antioxidant enzymes and reduced lipid 

peroxidation in cell membranes [13]. Calcium use preserves chlorophyll 

under heat stress, possibly by decreasing photo-oxidation or keeping up 

with the trustworthiness of cell membranes [14]. A change in the extreme 

temperatures in recent years exceeded 50°C, which negatively affected 

the growth of plants and led to their death, especially in the seedling 

stage. Note that the importance of the Indian almond plant lies in the 

diversity of its uses for medicinal purposes and as an ornamental plant, 

in addition to its use as windbreaks and the possibility of obtaining seeds 

that are used as a primary method for its propagation, which helps to 

spread it and obtain a profitable economic return as a result of using the 

currently imported seeds for breeding in local nurseries [15]. The current 

research aims to reduce the adverse impact of heat stress by treating the 

seedlings with different calcium chloride and AsA concentrations. 

 
2. MATERIALS AND METHODS 

Seeds of Indian almonds (Pithecellobium dulce) were obtained from 

Aljouri Agricultural materials/(UAE). The seeds were grown in 20 

× 25 cm pots in a local nursery for 4 months. On September 1, 2020, 

54 seedlings were transferred to plant at the wooden canopy of the 

Department of Horticulture and Landscaping of the College of 

Agriculture at the University of Basrah (30° 33’ 47.3” N 47° 44’ 38.4” 

E). Then, large plastic pots (30 cm × 32 cm) were prepared, washed 

well with water and sterilized with formalin, and then filled with 

sterilized growth medium by autoclaving; at a rate of one plant per pot 

and in soil consisting of (1:1) Bet moss: soil. The electrical conductivity 

(EC) of soil was 2 dS/m and to the water of irrigation is EC 1.2 dS/m. 

The process of servicing the plants was carried out symmetrically 

from fertilization and irrigation, and the plants were approximately 

30–40 cm in height. All the experimental plants were also fertilized 

with the compound fertilizer of Jordanian origin (20-20-20) NPK on 

February 1, 2021. The fertilizer was repeated throughout the experiment 

at 1 g/pot month (Fertigation). The pots were taken from the wooden 

canopy and put in the field on February 10, 2021. On March 9, 2021, 

the treatments were conducted monthly and over 4 months as a foliar 

spray until May 9, 2021. Tween 20 was added at 0.1 ml/L as a diffuser 

to reduce the surface tension of the leaves. It was sprayed in the early 

morning using polyethylene bags to prevent contamination from the 

effect of the treatments. The following nine treatments were applied: 

(1) Control (spray with distilled Water), (2) AsA 50 mg/L, (3) AsA 

100 mg/L, (4) CaCl2 250 mg/L, (5) CaCl2 500 mg/L, (6) AsA 50 mg/L + 

CaCl2 250 mg/L, (7) AsA 50 mg/L + CaCl2 500 mg/L, (8) AsA 100 mg/L 

+ CaCl2 250 mg/L, and (9) AsA 100 mg/L + CaCl2 500 mg/L. On day 

60th of treatment, the leaves were collected for morphological and 

biochemical assay from every treatment. In July 2021, the minimum 

temperature was 28°C, the maximum was 46°C, the relative humidity 

was 27%, and the light intensity was 1750 mol/m2s. 

 
2.1. Growth Parameters 

Measurement of the height of the plants was from the soil surface to 

the end of the growing top using a tape measure. The number of lateral 

branches of each plant was calculated, and the means were recorded. 

The number of leaves on the main stem and the lateral branches was 

calculated, and the average was taken and multiplied by the number of 

branches to get the total number of leaves of the plant. The total leaf 

area was measured using the ImageJ program according to Easlon and 

Bloom [16], and after taking ten leaves for each replicate, they were 

placed in a scanner. The readings representing the leaf area of the plant 

were taken according to the following equation: 

The leaf area of a plant (cm2) = Leaf area (cm2) × the number of leaves 

 
2.2. Assessment of Photosynthetic Pigments 

The substance of pigments was taken out from the leaves as per the 

method depicted by Lichtenthaler and Wellburn [17]. Preliminary 

0.2 g of the sample leaf were crushed in 10 mL acetone (80%) and 

centrifuged at 2000 rpm for 5 min. The absorbance of 645, 663, 534, 

and 470 nm was used to pick the chlorophyll and carotenoids freely. 

 
2.3. Soluble Carbohydrate Estimation 

The carbohydrate was assessed by the phenol-sulfuric acid technique, as 

suggested by Yemm and Willis [18]. 100 mg of fresh leaf sample was 

homogenized in 5 mL of 2.5 N HCl and put in a boiling water bath for 3 h. 

The cooled rough homogenate was balanced and centrifuged at 10,000 rpm 

for 10 min. To 100 L of supernatant, 100 L phenol (5% [v/v]), and 500 

L of sulfuric acid (96% [v/v]) were mixed. The absorbance was estimated 

at 490 nm. Glucose going from 0 to 500 g/mL was utilized as a standard 

to calculate the soluble carbohydrate of the sample. 

 
2.4. Proline Estimation 

The proline content was assessed by Bates et al. [19]. 0.5 g of the test 

was homogenized with 5 mL of 3% sulfosalicylic acid. The sample was 

separated, and 3 mL of this separate was mixed with ninhydrin reagent 

and glacial acetic acid, 3 mL each. This combination was warmed 

in a bubbling water bath for an hour and cooled. A chromophore 

was shaped by adding 4 mL toluene to this cooling solution. The 

absorbance was measured at 520 nm utilizing the ultraviolet–visible 

(UV-VIS) spectrophotometer. Proline going from 0 to 10 g/mL was 

utilized as standard, and a diagram was plotted from which the proline 

content of the sample was assessed. 

 
2.5. Total Phenolic Assay 

The phenols extract was assessed per the Folin-Ciocalteu 

technique [20]. A 25 L of the concentrate (500 g/mL) was utilized, 

to which 25 L of (1:1) Folin-Ciocalteu reagent and 100 L of 7.5% 

sodium bicarbonate solution were the arrangement and hatched at 

room temperature for 2 h in dim circumstances 765 nm using a UV- 

VIS spectrophotometer to record the absorbance. Gallic acid going 

from 0 to 100 g/mL was utilized as a standard to calculate the phenol 

content of the sample. 

 
2.6. AsA Content 

AsA was measured by Luwe et al. [21] procedure. Tests (0.5 g) of 

leaf were homogenized with 10 mL of 6% trichloroacetic acid. The 

concentrate was blended with 2 mL of 2% dinitrophenylhydrazine 

(pH 5) trailed using one drop of 10% thiourea (in 70% ethanol). The 

blend was bubbled for 15 min in a water bath, and after cooling at room 

temperature, 5 mL of 80% (v/v) H2SO4 was mixed into the mixture at 

0°C. 265 nm was used to record the absorbance. The AsA content was 

determined from a standard bend plotted with its known focus. 
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2.7. Abscisic Acid (ABA) Analysis 

One gram of new leaf tissue was homogenized in 70% methanol at 4°C; 

it was mixed for the time being. Under a vacuum, the concentrate was 

separated and dissipated with Whatman channel paper (No.1). The pH of 

the aqueous stage was changed following 8, utilizing a 0.2 mol phosphate 

buffer. The aqueous stage was divided twice utilizing methanol. A rotary 

evaporator eliminates the methanol stage. pH edited to 2.5, utilizing 1N 

HCl through the aqueous stage. The concentrate injection specified ABA 

into a turned around stage high-performance liquid chromatography, C12 

column in an isocratic elution mode using a convenient stage including 

(CH
3
)

2
CO: H

2
O (26:74) with 30 mmol phosphoric acids according to Tang 

et al. [22]. 1 N sodium hydroxide using to keep up pH at 4. The transition 

rate was 0.6 mL/min, and the elution of ABA was seen at 270 nm at 25ºC. 

temperature are shown in Table 1. Applying Ca2+ and AsA individually 

and in combination improved the height plant, branch number, leaf 

number, and leaf area compared with the control [Table 1]. The 

combined application of AsA + Ca2 or individual showed a more 

enhancing effect on height plant than other treatments. However, all 

treatments enhancing branches number except control, CaCl2 500, 

and AsA 100 + CaCl2 500. Whereas treatment of CaCl2 250 increased 

leaves number and leaf area relative to other treatments. 

 
3.2. Photosynthetic Pigments 

The application of the treatments showed a varying increase in the content 

of photosynthetic pigments. The combined treatments, especially those 

of AsA 100 + CaCl 250 and AsA 100 + CaCl 500, led to a significant 
2 2 

 

2.8. Electrolyte Leakage 

Leaf segments one gram utilized with 12 mL separated water was saved 

at 27ºC overnight alongside vibration. The first conductivity (C1) 

was determined after getting a thermometer test of 27ºC along with a 

conductivity meter. The models get under autoclaved for 15 min and 

cooled to 26ºC; by then, the second conductivity (C2) was determined. 

The film unfaltering quality rundown was once assessed to determine 

the estimation into C1 and C2 and imparted among the ratio [23]. 

 
2.9. Minerals Concentration 

Fresh leaf samples were dried at 70°C until arriving at a consistent 

weight, and the Cresser and Parsons [24] method was applied. The 

arrangement was straight forward to control the calcium by atomic 

absorption spectrophotometer at 422.7 nm [25]. 

 
2.10. Extraction of Proteins and Gel Electrophoresis 

Proteins were separated (300 mg of the dried leaf) in 1 mL of extraction 

buffer (0.2 mol, tris-hydroxymethyl aminomethane [Tris] + 0.001 mol 

ethylenediamine tetraacetic acid + [Na2 + ethylenediaminetetraacetic 

acid] + 12% glycerol + 0.01 M dithiothreitol [DTT] + 0.05 mmol 

phenylmethylsulfonyl fluoride [PMSF]) a mortar and pestle use to 

homogenized. By then, the examples were centrifuged at 14,000 × g 

for 20 min; the buffer comprised of 0.125 M Tris HCl (pH = 6.8) + 4% 

SDS + 20%, glycerol + 10% b-mercaptoethanol + 0.01% bromophenol 

blue. Protein tests were denaturized by heat in the water bath at 90°C 

for 3 min. Protein electrophoresis was acted in SDS polyacrylamide 

gel following the methodology [26]. The protein groups exhibited 

clear changes, which were researched by ImageJ programming. 

 
2.11. Response to Heat Stress 

Percentage of plants responding to heat stress (%) = Number of plants 

responding to stress/Total number of plants 

 
2.12. Statistical Analysis 

The experiment was conducted as a randomized block complete 

design of nine treatments. Each one consisted of four replications. The 

information was exposed to the examination of difference (analysis of 

variance) utilizing SPSS variation 20.0 (SPSS, Chicago, IL), and the 

means were isolated utilizing the Duncan test at the 0.05 level. 

 
3. RESULTS 

3.1. Growth Parameters 

Significant changes in growth parameters in Indian almond seedlings 

subjected to AsA and  CaCl2 alone  or combined  under high  field 

increase in chlorophyll content [Figure 1]. Moreover, applying the 

combined treatments, the total chlorophyll was increased compared to the 

individual treatments. The highest total chlorophyll content was applied 

by treating AsA 100 + CaCl2 500. The combined treatment AsA 100 + 

CaCl2 500 and the individual treatment CaCl2 500 led to a significant 

increase in carotenoid pigment compared to the other treatments. 

 
3.3. Metabolic Compounds 

There was a significant increase in proline content under heat stress, 

whereas total soluble carbohydrate, phenolic, and AsA contents 

decreased [Figure 2]. The combined AsA + Ca2 or individually 

modulated proline, total soluble carbohydrate, phenolic, and AsA 

contents. Moreover, AsA 100 + CaCl2 500 increased total soluble 

carbohydrate, phenolic, and AsA contents significantly compared with 

other treatments. Application of AsA 50 decreased proline content 

significantly compared with other treatments. Application of AsA 

100 + CaCl2 250, AsA 100 + CaCl2 500, and AsA 100 increased AsA 

significantly relative to other treatments. 

 

Figure 1: Exogenous AsA and Cacl2 alone or combined on total chlorophyll 

(a), and carotenoid (b) content in Indian almond seedlings under high field 

temperature in July. Treatment numbers are described as (1) Control, (2) AsA 

50, (3) AsA 100, (4) Cacl2 250, (5) Cacl2 500, (6) AsA 50 + Cacl2 250, (7) AsA 

50 + Cacl2 500, (8) AsA 100 + Cacl2 250, (9) AsA 100 + Cacl2 500. According 

to the Duncan’s multiple range test, values within the same column show 

significant differences at P ≤ 0.05 significance level among treatments. Data 

are means of four replicates ± standard deviation. 
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Table 1: Exogenous AsA and Cacl2 alone or combined on plant height, number of branches, number of leaves, and leaf area in Indian almond seedlings under 

high field temperature. 

Treatments (mg/L) Plant height (cm) Number of branches Number of leaves (Leaf/plant) Leaf area (cm2/plant) 

Control 63.25±3.30d 2.50±0.57b 167.50±35.64cd 168.50±35.85c 

AsA 50 94.25±4.19a 5.00±0.05a 191.25±61.69c 256.46±82.73c 

AsA 100 92.50±2.38ab 4.50±1.00a 299.50±67.95b 454.34±103.08b 

Cacl2 250 81.75±7.50c 5.00±0.00a 381.25±22.50a 903.18±53.30a 

Cacl2 500 93.75±3.59a 3.25±0.50b 121.50±31.89cd 287.83±75.54c 

AsA 50+Cacl2 250 86.25±4.42bc 4.50±0.57a 360.50±26.85ab 834.91±62.18a 

AsA 50+Cacl2 500 69.25±2.75d 4.50±1.00a 388.25±86.96a 787.75±176.44a 

AsA 100+Cacl2 250 84.50±5.97c 4.50±0.57a 350.50±51.57ab 872.39±128.36a 

AsA 100+Cacl2 500 99.75±5.56a 3.00±0.50b 105.75±6.65d 277.06±17.42c 

Means of 4 replications±SD. Using Duncan’s multiple range test, means with different letters are different at P≤0.05.  

 

Heat stress increased ABA content and electrolyte leakage percentage, 

whereas calcium decreased [Figure 3]. The combined application 

of AsA + Ca2 or individual decreased ABA content and electrolyte 

leakage. Moreover, the application of AsA 50 decreased ABA content 

significantly compared with other treatments. Application of AsA 50, 

AsA 100, and AsA 100 + CaCl2 500 decreased electrolyte leakage 

significantly relative to other treatments. Application of CaCl2 250, 

AsA 50 + CaCl2 500, and AsA 100 + CaCl2 250 increased calcium 

content significantly compared with other treatments. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Exogenous AsA and Cacl2 alone or combined on total soluble carbohydrate 

(a), proline content (b), phenol content (c), and ascorbic acid (d) content in Indian 

almond seedlings under high field temperature in July. Treatment numbers are 

described as (1) Control, (2) AsA 50, (3) AsA 100, (4) Cacl2 250, (5) Cacl2 500, 

(6) AsA 50 + Cacl2 250, (7) AsA 50 + Cacl2 500, (8) AsA 100 + Cacl2 250, 

(9) AsA 100 + Cacl2 500. According to the Duncan’s multiple range test, values 

within the same column show significant differences at P ≤ 0.05 significance level 

among treatments. Data are means of four replicates ± SD. 

3.4. Change in Protein Pattern 

The gel   electrophoresis   of   the   leaves   of   Terminalia   catappa 

L. seedlings due to spraying with AsA and calcium [Figure 4]. 

Differences in the number of proteins separated into bands on the gel 

and the thickness and density of these bands indicate differences in 

the molecular weights of proteins. It is clear from the figure that the 

control treatment gave eight protein bands with molecular weights that 

included (286.786, 145.178, 111.787, 75.954, 61.375, 45.616, 26.602, 

and 19.816) kDa. The treatment of AsA 50 mg/L showed ten bands with 

molecular weights amounted to (200.786, 147,412, 105.394, 75.954, 

68.935, 62.595, 54.061, 37.477, 18.792, and 17.496) kDa, which did 

not differ from the molecular weights of the treatment AsA 100 mg/L 

that had ten bands, except in two of the bands, had molecular weights 

(62.595, 27.597) kDa. The treatments of CaCl2 250 and CaCl2 500 

showed eight similar bands with molecular weights (122.554, 104.070, 

75.954, 66.797, 58.409, 44.828, 28.958, and 19.183) kDa, and only 

two is different (29.303 and 20.195) kDa in treatment of Cacl2 500. 

The treatment of AsA 50 + CaCl2 250 and AsA 50 + CaCl2 500 have 

eleven bands with molecular weights (200.786, 147,412, 105.394, 

75.954, 68.585, 62.595, 54.061, 37.477, 27.597, 18.792, and 17.496) 

kDa except in two of the bands, had molecular weights (37.477 and 

19.481) kDa in treatment of AsA 50 + CaCl2 500. The treatment of 

AsA 100 + CaCl2 250 showed eleven bands with molecular weights 

amounted to (200.786, 147,412, 105.394, 75.954, 68.935, 62.595, 

54.061, 36.825, 27.597, 18.792, and 17.496) kDa. At the same time, 

the treatment of AsA 100 + CaCl2 500 showed eleven bands gave 

molecular weights identical to the previous treatment except for two 

bands whose molecular weight reached (152.045 and 37.477) kDa. 

 
3.5. Response to Thermal Stress 

The effect of AsA and calcium on the response rate to thermal stress 

during the 2nd week of July [Figure 5]. The results showed that with 

the increase in the average temperature during the 2nd week to 40.28°C 

(49/31°C), the seedlings responded to heat stress and that the control 
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treatment was more responsive to the temperature rise than the other 

treatments. The response rate to thermal stress in control reached 50%, 

followed by treatment of AsA 100 + CaCl2 250 with a response rate of 

33.33%. In contrast, the treatments of Cacl2 250, AsA 50 + CaCl2 250, 

 

Figure 3: Exogenous AsA and Cacl2 alone or combined on total abscisic acid 

content (a), electrolyte leakage (%) (b), and calcium content (c) in Indian 

almond seedlings under high field temperature in July. Treatment numbers 

are described as (1) Control, (2) AsA 50, (3) AsA 100, (4) Cacl2 250, (5) Cacl2 

500, (6) AsA 50 + Cacl2 250, (7) AsA 50 + Cacl2 500, (8) AsA 100 + Cacl2 

250, (9) AsA 100 + Cacl2 500. According to the Duncan’s multiple range 

test, values within the same column show significant differences at P ≤ 0.05 

significance level among treatments. Data are means of four replicates ± SD. 

AsA 50 + CaCl2 500, and AsA 100 + CaCl2 500 showed a response rate 

of 16.66%. In contrast, the other treatments did not respond to thermal 

stress this week. The data is not shown; the high and low temperatures 

varied, and when the temperatures reached the average of 34°C 

(42/26°C) in mid-September, all seedlings recovered their growth. 

 
4. DISCUSSION 

In this study, a tropical plant of Indian almond was grown in a 

subtropical environment. Subtropical regions suffer from high 

temperatures and little or no rain in the summer. Biochemical 

reactions within plants are sensitive to high-temperature stress, which 

vary with temperature, duration of exposure, and plant type [27]. 

High temperatures cause cell damage or plant death within minutes, 

and moderate temperatures may cause cell injury or death with 

prolonged exposure [28]. High temperature impairs plant growth 

stages and physiological processes and significantly reduces the 

productivity of many plant species [29]. High-temperature formats 

the harmful substances in plants due to disruption in the processes of 

photosynthesis and the ability to respiration in plants, subsequently, a 

change in the color of leaves to yellow, inhibiting growth processes 

in plants and destroying chlorophyll [30]. Water evaporates greatly 

from plants, causing them to dry out [Figure 1a]. Higher temperatures 

in the summer cause a decrease in growth parameters, photosynthetic 

pigments, and metabolic compounds, whereas proline and ABA 

increase [Figures 1-3]. The high temperatures increase the activity of 

the enzyme chlorophyllase, which destroys chlorophyll and increases 

the level of ABA, accelerating the decomposition of chlorophyll [30]. 

Carotenoids perform two significant roles in the photosynthetic plant 

system. The first role is to act as light-harvesting pigments, expanding 

the spectrum of light available for use in photosynthesis. It absorbs 

light at 450–570 nm, which does not absorb chlorophyll molecules, 

and passes the captured energy onto chlorophyll. Second, carotenoids 

provide photosynthetic systems with photoprotective methods. 

Single oxygen (O-2) was detected in the chloroplasts of hydrolyzed 

wheat [31]. O-2 is a potent oxidizer, strong enough to cause the death 

of the plant. Carotenoids inhibit the formation of O-2 by quenching the 

triplet state of chlorophyll molecules when they appear [31]. 

The effect of heat stress was reversed due to the foliar spray with 

antioxidants, as AsA is one of the non-enzymatic antioxidants that 

remove reactive oxygen radicals (ROS), which reduces the breakdown 

of chlorophyll pigment under stress conditions [32,33]. The role of 

AsA in increasing plant growth is attributed to increasing the size of 

cells and the speed of their division, as well as increasing the process 

 
 

 
Figure 4: Analysis of protein patterns by One-D SDS-PAGE extracted from the leaf, showing protein pattern changes in Indian almond seedlings under field high 

temperature and treatments. 
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Figure 5: Exogenous AsA and Cacl2 alone or combined in response to 

heat stress in Indian almond seedlings under high field temperature in July. 

Treatment numbers are described as (1) Control, (2) AsA 50, (3) AsA 100, 

(4) Cacl 250, (5) Cacl 500, (6) AsA 50 + Cacl 250, (7) AsA 50 + Cacl 500, 

content in the leaves. It can be attributed to their role in relieving heat 

stress on plants. 

Phenolic compounds are plants’ most important secondary metabolites 

that act as natural antioxidants, free radical scavengers, inhibitors of 

free radical production, and catalysts for antioxidant synthesis [43]. 

The increase in total phenols by treatment with AsA and calcium is 

due to the critical role of this antioxidant in reducing respiration. 

Increased phenols indicate plant adaptation to extreme environmental 

conditions [43]. 

The decrease in plant growth at 49/31°C was associated with the 

emergence of stress damages reflected in decreased membrane 

stability, indicating membrane damage. It is probably due to a loss 

of ability to rapidly and completely reorganize cell membranes. The 

previous studies have indicated membrane permeability as a valuable 

indicator of heat stress damage [44,45]. Our findings show that heat 

stress decreases membrane stability when electrolyte leakage is used 
2 2 2 

2 

as the index of permeability of membranes. In plants treated with AsA 
(8) AsA 100 + Cacl2 250, 9) AsA 100 + Cacl2 500. 

 
of photosynthesis and carbohydrate metabolism [34], and improving 

the water content of the plant, and reducing transpiration [35]. The 

effect of AsA on growth parameters agrees with many studies that 

showed that AsA has a role in encouraging growth and reducing the 

harmful effect of environmental stresses, as found in Faisal et al. [36] 

on broad beans; Ullah et al. [37] on barley plants. 

Bhattacharya et al. [38] indicated that the increase in antioxidants 

and the decrease in hydrogen peroxide (H2O2)delay leaf aging. The 

and calcium, a significant increase in membrane stability, especially 

for those grown at 49/31°C. A higher temperature tolerance was 

observed in plants grown than those not treated with AsA and calcium. 

The higher membrane stability index resulting from AsA and calcium 

is related to the antioxidant responses that protect the plant from 

oxidative damage and the higher ionic content and induced activities 

of antioxidant enzymes. 

The increase in calcium in the leaves [Figure 3c] when treated with 

calcium or AsA due to the action of these substances is similar to the 
2     2 action of antioxidants, thus reducing the oxidative process, increasing 

antioxidants protect the chloroplast, preventing the breakdown of 

chlorophyll by scavenging ROS. When treated with calcium, the 

increase in leaf area is one of the components of cellular membranes 

and its increased stability when exposed to external stresses–cells in 

carrier cells in phloem under stress conditions [39]. The protective 

role of calcium is attributed to maintaining the structural integrity of 

the plasma membrane and thus controlling ion uptake. However, the 

increased growth is due to cell expansion and photosynthesis activation 

by increasing membrane stability [Figure 3b]. 

The decrease in total soluble carbohydrates in the control treatment 

due to the effects of high temperature and exposure of seedlings to 

thermal quiescence programming is represented by a decrease in the 

leaf area and the total chlorophyll content [Figure 1b]. The effect on 

the activity of the enzymes responsible for carbon dioxide reduction, 

especially the RuBSCO enzyme and RuBP Carboxylase [40]. The 

increase in the total soluble carbohydrates in the leaves when sprayed 

with the antioxidant’s AsA and calcium is due to the role of these 

two compounds in increasing the efficiency of the photosynthesis 

process and the leaf area exposed to light, which led to an increase in 

carbohydrates of leaves. 

The proline accumulation under heat stress conditions gives the 

plant the energy needed for growth and endurance to stress [41]. The 

increased proline in plants exposed to stress may adapt to protect the 

plant in such conditions. Proline acts in many physiological roles and 

functions under environmental stress conditions, where it performs the 

process of osmoregulation inside the plant cell, in particular between 

the gap and the cytoplasm, as the accumulation of proline inside the 

cytoplasm works to regulate the state of homeostasis and facilitate the 

process of water absorption by the roots. In addition, proline protects 

the organelles from harmful effects such as oxidizing factors and 

contributes to the destruction of free radicals [42]. The treatment with 

the antioxidants AsA and calcium led to a modification of the proline 

the activity of the vital processes of the plant [46]. In addition to 

being a stimulant for the representation of proteins and enzymes that 

accompany carbohydrate representation, photosynthesis, and ionic 

balance, as well as being an osmotic regulator that participates in the 

processes of opening and closing stomata, etc. [47]. 

Heat stress is the cause of an increase in ABA, and growth inhibitors, 

such as ABA, known as one of the components of the transduction 

signal, lead to gene induction and the formation of proteins necessary 

to protect plants under stress conditions [48]. Examination of protein 

patterns in control and treatments showed that the relative density in 

Indian almonds was more significantly related to the AsA 100 mg/L 

+ Cacl2 500 mg/L, AsA 50 mg/L, and AsA 100 mg/L treatments than 

the other treatments [Figure 4]. Plant development and variation to 

ecological circumstances are affected by protein metabolism [49]. 

Different examinations have demonstrated that the development of 

new proteins connects with changes in natural plant circumstances, 

for example, heat stress, prompting an expansion or diminishing in 

polypeptides. The results demonstrate that heat stress prompted 

the development of new proteins and the disappearance of others, 

accompanied by a distinctive appearance of stress proteins. The 

formation of new proteins affected by high temperature demonstrates 

that these proteins were shaped ahead of schedule by programming 

cell passing as we noticed shrinkage and stiffness in plants [Figure 6a]. 

All ecological burdens invigorate the creation of a gathering of 

proteins called HSPs, or stress-incited proteins. The acceptance of the 

record of these proteins is a typical peculiarity in every living being. 

These proteins are assembled in plants into five classes as per their 

approximate molecular weight: (1) Hsp100, (2) Hsp90, (3) Hsp70, 

(4) Hsp60, and (5) small HSPs. This broadening of these proteins 

reflects variation in enduring heat stress. The heat shock protein 

gene guideline is controlled by regulated proteins called heat stress 

transcription factors. These proteins likewise coordinate in all periods 
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Figure 6: (a) Exposure of Indian almond seedlings to thermal stress, (b) the 

recovery of Indian almond seedlings from thermal stress. 

 
of cyclic reactions to high temperature (operation, maintenance, and 

recovery [Figure 6b] [50]. 

The plant’s response to the high temperature in the summer, which 

included all the treatments, indicates its behavior in the semi-tropical 

regions with high temperatures in the summer, as it is a deciduous 

plant in the winter. When the plants are exposed to temperatures 

higher than 45°C, the plants are exposed to thermal stress. The 

hardening and shedding of leaves under the influence of high 

temperature may be attributed to the high concentration of growth 

inhibitors such as ABA, which leads to the production of ethylene 

and thus stiffness and defoliation [50]. Applying treatments led to a 

delay in the plant’s response to heat stress, due to the role of those 

compounds such as AsA and calcium in the plant’s tolerance of 

environmental stresses, including heat stress, by reducing oxidative 

stress, a state of metabolic compounds. One of the treatments that 

delay effect thermal stress is the treatment of AsA, which may be 

attributed to the physiological roles of AsA in protecting the plant 

from the harmful effects of high and low temperatures, reducing the 

damage of environmental stresses, reducing the harmful effect of 

ozone, the severity of freezing, drought stress, and its role in plant 

tolerance to drought from the method of closing the stomata during 

the day, which is essential to protect plants from high temperatures, 

and thus leads to a delay in plant aging [51]. 

 
5. CONCLUSIONS 

Growing plants in an environment different from their original 

environment must improve their tolerance to new environmental 

conditions. The adaptation of the Indian almond plants to high 

temperatures during the summer in semi-tropical regions is possible 

by using antioxidants to reduce heat stress damage on the plant. Using 

AsA or calcium chloride alone or combined improved the plants’ 

tolerance to heat stress. 
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