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Introduction 

Eggplant (Solanum melongena L.), also known as aubergine and 

brinjal, is a common and important vegetable crop belonging to the 

family Solanaceae. It is usually grown in spring and early summer 

and requires relatively high temperatures (warm weather) for its 

growth (1). Thus, it is cultivated in open fields during summer in Iraq. 

During winter, it is grown in greenhouses and plastic tunnels. 

Eggplants are nutritionally important because their fruits contain 

compounds important for human health. These include phenols 

and other phytochemicals. It is a dietary vegetable and is a good 

source of antioxidants, minerals, amino acids and multivitamins (A, 

B1, B6 and C) (2–5). 

 Factors such as genetic and environmental interactions 

determine the degree of growth, development of a plant species and 

its productivity. The genetic background of the cultivated species 

greatly influences the quantity and quality of the crop (6). The 

production and quality of eggplant can be increased by planting 

hybrids that respond to exogenous amendments (7). 

 Most higher plants have a critical temperature array that is 

harmful and falls between (55–39 oC) (8). High-temperature stress 

results in the production of Reactive Oxygen Species (ROS) that 

affect cell vitality by oxidizing lipids and damaging fatty membranes. 

These ROS also affect important macromolecules including nucleic 

acids and proteins, which ultimately cause cell death in plants (9,10). 

Therefore, shade nets are used in agriculture to protect plants from 

heat stress and other environmental hazards (11). A previous study 

indicated the effect of shading on the growth and yield of tomatoes 

and chili (12). Shading at rates of 50 % and 70 % mitigated the 

increase in leaf temperature in plants as compared to those grown in 

an open field.  When plants are exposed to various abiotic stressors, a 

foliar application of beneficial elements can be given to induce 

tolerance, resistance or defensive responses that allow them to cope 

with stressors (13). Titanium (Ti) is a beneficial element that, when 

incorporated into agricultural practices, can significantly improve 

the resilience of plant species in environmental stress conditions. 

Titanium reduces the levels of free radicals, which are often 

responsible for oxidative damage within plant tissues (14).  Titanium-

treated plants have shown the presence of high levels of chlorophyll 

and carbohydrates, increased photosynthetic efficiency, enhanced 

tolerance to stress including heat stress, increased nutrient 

absorption and enzyme activity and improved crop yields and 

quality (15-17). 

 This study assessed the growth and yield of three eggplant 

genotypes under conditions of heat stress and examined the impact 

of foliar application of titanium in reducing heat stress and increasing 

plant tolerance. In addition, we identified the type of environment 

most favorable for crop growth and productivity.  
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Abstract  

The present research evaluated the effect of foliar application of titanium dioxide (TiO₂) on growth, yield and physiological parameters of three 

eggplant genotypes under various heat stress conditions. The experiments were conducted during the 2024 growing season. The treatments for 
stress conditions included in the horizontal factor, C0: open-field conditions or control, C1: green saran cover and C2: non-woven fabric cover. 

Three eggplant genotypes, viz. G1: Black Beauty variety, G2: Raheeb F1 hybrid and G3: Aswad F1 hybrid, in each treatment were subjected to three 

titanium concentrations, i.e. 0, 100 and 200 mg L-1. Research findings revealed that the plants grown under condition (C2) showed the maximum 

average plant height, dry weight, fruit weight and total yield but minimum average leaf proline, leaf POD and leaf SOD  as compared to control 
plants. The plants grown under control condition (C0) showed minimum average of plant height, dry weight, fruit weight and total yield. Maximum 

average of leaf proline, leaf POD and leaf SOD were noted in control plants. Of all the three genotypes, G1 exhibited an increase in the plant height, 

dry weight, total yield and leaf SOD. A significant improvement in plant height, dry weight, leaf antioxidants such as proline and activities of POD 

and SOD in leaves was noted in plants exposed to Ti concentration at 200 mg L-1. While enhanced fruit weight and total yield were noted in plants 
exposed to Ti at 100 mg L-1. Further study is required on Ti’s long-term impacts and optimal doses across various environments.    
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Materials and Methods  

The field experiment was conducted at the research station of the 

University of Kufa during the growing season of 2024. Three 

genotypes of eggplant seeds were taken and planted in standard 

trays supplied with sterile agricultural medium containing peat 

moss and perlite blended in a ratio of 2:1, respectively. The 

seedlings were transplanted to open fields and greenhouses at the 

stage when 4-6 true leaves are formed.  Random soil samples were 

taken from a depth of 0-30 cm from different areas for physical and 

chemical analysis before planting the seedlings (Table 1). Primary 

operations of plowing, harrowing and the addition of decomposed 

organic manure were performed. Subsequently, the land was 

divided into three blocks, each containing 27 experimental units, 

resulting in a total of 81 experimental units in the form of furrows. 

Each furrow was 4 m in length and 1 m in width, with 0.7 m apart 

from the other furrow, resulting in a total area of 5.60 m2 for the 

experimental unit. Sixteen plants were distributed in two lines 

alternately within each furrow, with 0.5 m between two plants. A 

drip irrigation system was installed and crop management, 

irrigation and control operations were conducted as needed. 

Field layout and studied factors 

A strip-split plot system based on the Randomised Complete Block 

Design (RCBD) was adopted with three replicates, including three 

factors. Factor I included three different conditions C0: open-field 

conditions as a control, C1: plastic house supplied with a green 

saran cover 65 % shading (to prevent heat stress) and C2: 1.5 m 

high tunneling supplied with a non-woven fabric cover (to prevent 

heat stress). The latter cover was imported by SUN MORNING CO., 

LTD. The fabric cover weighed approximately 19 g m-2 and was 

characterized by its resistance to external weather conditions and 

high temperatures. An electronic thermometer was installed inside 

each area to record the daily temperature (Table 2). Factor 2 was 

assigned to subplots, including three eggplant genotypes viz. G1: 

Black Beauty variety, G2: Raheeb F1 hybrid and G3: Aswad F1 

hybrid. Black Beauty eggplant is of US origin, Raheeb F1 hybrid is 

produced by Gmbh Agi-aaten German origin and Aswad F1 hybrid 

is produced by Agi Huizer Zaden and is of Thai origin. The third 

factor was two titanium concentrations i.e. 100 and 200 mg                    

L-1 given in the form of foliar application of titanium oxide (IV) in the 

sub-subplots. The plants without any application of titanium were 

referred to as control (0 mg L-1). The first spray was performed 60 

days after seedling emergence, while the second spray was 

performed at the beginning of flowering. A 15-day interval was 

kept between the second and third applications (18). At the end of 

the experiment, yield parameters were recorded.  

Parameters measured 

Vegetative parameters 

All parameters were measured by taking an average of five plants 

from each experimental unit, including plant height (cm), number 

of branches per plant (branch plant-1), total plant leaves (leaf     

plant-1) and shoot dry weight (g plant-1). Vegetative parts were 

measured at the end of the growing season. The plants were 

removed after the fruiting stage. The roots were separated and 

dried in an electric oven at 75 oC for 48 hr until they were 

completely dried. Subsequently, shoot dry weight (g plant-1) was 

also estimated (19). 

Fruit yield and related parameters 

The number of fruits (fruit plant-1), fruit weight (g), fruit length (cm), 

fruit diameter (cm) and total yield per area unit (tonnes ha-1) were 

measured. 

Leaf and fruit chemical parameters 

The total chlorophyll content of the leaves (mg 100 g-1 F.W.) was 

estimated following the acetone extraction method given by 

Goodwin (20), while the free proline content of the leaves (µg g-1 

F.W.) was estimated using previous studies (21,22). The activity of 

the antioxidant enzyme i.e. superoxide dismutase (SOD) in the 

leaves (unit mg protein-1) was estimated using the nitroblue 

tetrazolium (NBT) reduction and riboflavin (23).  Peroxidase (POD) 

in the leaves (unit mg protein-1) activity was estimated according to 

caramelization and maillard reaction (24). The nitrogen content 

(%) of the leaf was estimated using a previously described method 

(25) and potassium (%) was determined using a previously 

described method (26) with a flame photometer. 

Data analysis 

The data was analyzed for variance using a three-way ANOVA. A 

comparison of the means of treatment was done using the Least 

Significant Difference (LSD) test at a probability level of 0.05 using 

Statistix 10 (27).  

Table 1. Physical and chemical characteristics of the field soil measured prior to cultivation 

Table 2. Relative temperature and humidity for three different conditions for the months of June to September  

pH 
EC  

dS.m-1 
O. M.   

% 
N  

mg kg -1 
P  

mg kg -1 
K  

mg kg -1 
Clay  

g kg-1 
Silt  

g kg-1 
Sand  
g kg-1 

Soil texture 

6.90 3.50 0.70 4.10 2.19 41.10 125 140 735 Sandy soil 

Month Average of max. temp. (oC) Average of min. temp.  (oC) Average Humidity (%) 
June       
Open field C0 45.40 29.05 25.07 
Saran cover C1 42.23 28.67 28.30 
Fabric cover C2 42.40 24.30 33.75 
July       
Open field C0 50.10 26.27 19.88 
Saran cover C1 48.81 26.71 20.37 
Fabric cover C2 49.68 24.04 32.75 
August       
Open field C0 49.96 24.00 25.83 
Saran cover C1 48.31 26.85 20.33 
Fabric cover C2 48.16 21.31 45.50 
September       
Open field C0 49.50 21.41 25.50 
Saran cover C1 48.10 24.80 23.20 
Fabric cover C2 48.70 20.10 45.00 

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

Results and Discussion  

Vegetative parameters 

The results in Table 3 showed that the plants grown under non-

woven fabric (C2) had a significant effect on plant height, branch 

number and dry weight of total shoot (117.37 cm, 5.71 branch 

plant-1 and 202.72 g plant-1, respectively), in contrast to those 

growing in open field condition (C0), which gave the lowest 

values for plant height (75.94 cm), as well as saran cover (C1), 

which gave the lowest branch number (4.50 branch plant-1) and 

the lowest dry weight of the shoot (159.38 g plant-1). The number 

of leaves was highest in the open field (C0) (168.72 leaf plant-1) 

and lowest in the greenhouse (C1), which gave the lowest 

number of leaves (131.08 leaf plant-1). However, heat stress did 

not significantly affect the total chlorophyll content of the leaves. 

 Among the eggplant genotypes Black Beauty genotype 

(G1) showed an increase in plant height, number of branches, 

number of leaves and dry weight of total shoot (110.78 cm, 6.20 

branch plant-1, 161.35 leaf plant-1 and 245.59 g plant-1, 

respectively), in comparison with the G2 hybrid, which gave the 

lowest values for plant height (86.77 cm), dry weight of total 

shoot (137.40.1 g plant-1). This did not differ from the G3 hybrid, 

whereas the G3 recorded a decrease in the number of branches 

(4.65 branches plant-1), number of leaves (140.69 leaves plant-1). 

However, the genotypes did not show any significant effect on 

the total chlorophyll content of the leaves. 

 Titanium dioxide spraying (TiO2) at concentration of 200 

mg L-1 had a substantial effect on plant growth and recorded 

highest values for the number of branches, number of leaves, dry 

weight of total shoot and total chlorophyll content of the leaves 

(5.63 branch plant-1, 164.31 leaf plant-1, 192.26 g plant-1 and 

100.23 mg 100 g-1  F.W., respectively). Conversely, the control 

plants showed the lowest values for the number of branches 

(4.54 branch plant-1), number of leaves (129.77 leaves plant-1), 

shoot dry weight (158.33 g plant-1) and total chlorophyll content 

in the leaves (69.73 mg 100 g-1  F.W.). 

 The binary interaction between the genotypes and 

titanium dioxide concentrations yielded a considerable effect on 

some of the traits. The interaction between Black Beauty (G1) 

along with treatment of titanium oxide at the rate of 200 mg L-1 

induced a positive effect on plant growth as measured in terms 

of plant height and number of branches (118.23 cm and 7.06 

branch plant-1, respectively). In contrast, the interaction between 

G3 under conditions of no foliar spray recorded the lowest values 

of plant height (83.38 cm) and branch plant-1 (4.02). Interaction 

between G3 along with foliar application of titanium oxide at the 

Table 3. The effect of heat stress, titanium exposure on the growth of different eggplant genotypes represented by the main and bi-interaction effects  

Treatments Plant height (cm) 1-Branches plant 1-Leaves plant 
Dry weight  

)1-(g plant 
Total chlorophyll (mg 

F.W.) 1-100 g 

Stress Conditions 
C0 75.94 5.40 168.72 164.22 88.22 
C1 91.18 4.50 131.08 159.38 93.40 
C2 117.37 5.71 146.71 202.72 82.12 

0.05LSD 7.12 0.90 18.93 31.77 N.S. 

Eggplant Genotypes 
G1 110.78 6.20 161.35 245.59 87.29 
G2 86.77 4.77 144.48 137.40 86.63 
G3 86.95 4.65 140.69 143.33 89.82 

0.05LSD 5.82 0.91 16.73 40.38 N.S. 

Titanium Concentrations 
0 92.33 4.54 129.77 158.33 69.73 

100 94.76 5.45 152.42 175.74 93.77 
200 97.41 5.63 164.31 192.26 100.23 

0.05LSD N.S. 0.32 13.49 20.14 6.13 

Stress Conditions 
X 
Eggplant Genotypes 

C0 
G1 86.17 6.59 166.67 208.58 89.18 
G2 72.21 4.55 184.70 150.56 87.60 
G3 69.44 5.06 154.78 133.52 87.89 

C1 
G1 110.35 4.89 154.60 230.88 95.11 
G2 81.42 4.26 110.76 123.22 91.12 
G3 81.78 4.37 127.89 124.05 93.95 

C2 
G1 135.82 7.11 162.78 297.31 77.57 
G2 106.67 5.51 137.97 138.43 81.17 
G3 109.62 4.52 139.39 172.42 87.62 

0.05LSD N.S. N.S. N.S. N.S. N.S. 

Stress Conditions 
X 
Titanium Concentrations 

C0 
0 74.39 4.74 150.89 147.73 65.77 

100 73.00 5.47 175.55 162.24 97.58 
200 80.44 6.00 179.71 182.69 101.32 

C1 
0 89.29 3.70 109.85 131.85 77.28 

100 91.47 5.03 137.06 167.32 97.95 
200 92.78 4.78 146.34 178.98 104.95 

C2 
0 113.31 5.18 128.58 195.40 66.13 

100 119.80 5.85 144.67 197.65 85.80 
200 119.00 6.11 166.89 215.11 94.42 

0.05LSD N.S. N.S. N.S. N.S. N.S. 

Eggplant  Genotypes 
X 
Titanium Concentrations 

G1 
0 110.01 5.43 141.20 215.92 70.52 

100 104.11 6.10 168.37 247.86 92.92 
200 118.23 7.06 174.47 273.00 98.42 

G2 
0 83.61 4.17 124.80 134.27 73.59 

100 89.20 5.27 136.48 134.83 92.87 
200 87.49 4.88 172.15 143.10 93.42 

G3 
0 83.38 4.02 123.31 124.79 65.08 

100 90.96 4.98 152.42 144.52 95.53 
200 86.50 4.95 146.32 160.68 108.85 

0.05LSD 8.28 0.55 N.S. N.S. 10.62 

Non-significant values based on ANOVA Results are denoted via N.S. 



QASIM & AMMAR  4     

https://plantsciencetoday.online 

rate of 200 mg L-1 showed high chlorophyll values in leaves 

(108.85 mg 100 g-1  F.W.) as compared to the treatment where G3 

has not been subjected to any titanium treatment, which gave 

the lowest total chlorophyll content in the leaves (65.08 mg 100    

g-1 F.W.). The triple effect of the experimental factors did not have 

any significant effect on the parameters listed in Table 4. 

Yield and related parameters 

The results in Table 5 show that the non-woven fabric cover (C2) 

had a substantial effect on the productivity parameters such as 

fruit weight and total yield (200.44 g fruit-1 and 50.63 t ha-1, 

respectively), noted a significant increase. The results did not 

differ significantly from the treatment where saran cover (C1) 

was used. In comparison, the open field treatments (C0) 

recorded the lowest fruit weight (146.05 g fruit-1) and the lowest 

total yield (36.18 t ha-1). The treatment under the Saran cover (C1) 

was considerably superior in terms of the number of fruits (32.69 

fruit plant-1) compared to the non-woven fabric cover (C2). Heat 

stress environments had no significant influence on the length or 

diameter of eggplant fruits. 

 The genotype experiments showed that the Black Beauty 
(G1) variety exhibited an increase in the number and diameter of 

the fruits (33.09 fruit plant-1 and 8.39 cm, respectively). The hybrid 

Aswad F1 (G3) produced the lowest number of fruits (27.13 fruit 

plant-1) and the smallest diameter of the fruit (6.09 cm), but 

weight and length of the fruit (177.66 g fruit-1 and 14.42 cm, 

respectively) increased. The Black Beauty (G1) variety exhibited 

the minimum weight (161.27 g fruit-1) and length of the fruit (9.22 

cm). No significant differences were observed among the 

eggplant genotypes in terms of total yield. 

 Foliar application of TiO2 had significant effects on 
eggplant plants.  The concentration of 200 mg L-1 increased the 

fruit yield as fruit number, fruit length and fruit diameter (32.60 

fruit plant-1, 13.50 cm and 7.32 cm) noted a significant increase. 

However, the control plants had the lowest values for fruit 

number (26.76 fruit plant-1), fruit length (11.29 cm) and fruit 

diameter (6.50 cm). Application of TiO2 at a concentration of 100 

mg L-1 gave the highest productivity (47.29 t ha-1) as compared to 

the control (unsprayed plants) that showed the lowest 

productivity values (38.67 t ha-1). Furthermore, the weight of the 

fruits did not report a significant change at 0.05 level. 

 The binary interaction between the environmental 

factors and genotypes showed a significant impact on some of 

the traits studied (Table 6). Consequently, the interaction [saran 

cover (C1) x Black Beauty (G1)] appeared to have a greater 

number of fruits (39.54 fruit plant-1) compared to the interaction 

[non-woven fabric cover (C2) x Aswad F1 (G3)], which gave the 

fewest number of fruits (25.45 fruit plant-1). In addition, the 

interaction (C2) x (G3) showed better performance for the fruit 

weight (217.86 g fruit-1) in comparison with the interaction (C0) x 

(G1), which gave the minimum fruit weight (136.05 g fruit-1). Also, 

the interaction [(C2) x Raheeb F1 (G2)] provided the maximum 

total productivity of (54.34 t ha-1). On the contrary, the interaction 

of (C0) and (G3) recorded the lowest total productivity of (32.67 t 

ha-1). The triple interaction of the factors did not have a 

significant effect on these traits. 

Leaf and fruit chemical parameters 

The different growing environments reflect a substantial effect in 

reducing heat stress. The saran cover (C1) did not show any 

significant difference from the non-woven fabric cover (C2). In 

both conditions, proline levels showed a low concentration of 

the leaf proline content in comparison to the open-field 

condition (C0) where the leaf proline content was high (96.20   µg 

g-1 F.W.). Moreover, C2 treatment was superior showing high POD 

and SOD activities (7.03 unit mg-1 protein and 29.20 unit mg-1 

Table 4. The effect of heat stress, titanium concentrations on the growth of three genotypes of eggplant represented by the triple interaction effects  

Non-significant values based on ANOVA Results are denoted via N.S.  

    Stress conditions x 
Eggplant genotypes x 

Titanium concentrations 

Plant height  
(cm) 

Branches 
1-plant 

Leaves  
1-plant 

Dry weight  
)1-(g plant 

Total chlorophyll  
F.W.) 1-(mg 100 g 

C0 

G1 0 88.50 5.68 134.11 185.00 64.63 
G1 100 75.50 6.55 182.11 201.68 101.91 
G1 200 94.52 7.55 183.79 239.07 101.00 
G2 0 67.50 4.11 171.77 144.98 68.22 
G2 100 72.00 4.89 173.11 140.03 93.88 
G2 200 77.14 4.66 209.22 166.66 100.69 
G3 0 67.17 4.44 146.78 113.21 64.47 
G3 100 71.50 4.96 171.44 145.02 96.94 
G3 200 69.67 5.78 146.14 142.33 102.26 

C1 

G1 0 105.21 4.22 139.17 167.56 85.14 
G1 100 106.67 4.77 157.00 256.67 91.85 
G1 200 119.17 5.66 167.63 268.42 108.35 
G2 0 82.50 3.44 90.05 116.05 79.00 
G2 100 82.75 5.00 110.67 113.51 97.29 
G2 200 79.00 4.33 131.55 140.09 97.07 
G3 0 80.17 3.44 100.33 111.94 67.70 
G3 100 85.00 5.32 143.50 131.77 104.72 
G3 200 80.17 4.33 139.83 128.43 109.44 

C2 

G1 0 136.31 6.39 150.33 295.20 61.78 
G1 100 130.17 6.98 166.00 285.23 84.99 
G1 200 140.99 7.95 172.00 311.51 85.92 
G2 0 100.84 4.98 112.59 141.80 73.55 
G2 100 112.85 5.93 125.67 150.94 87.46 
G2 200 106.33 5.63 175.67 122.55 82.50 
G3 0 102.79 4.18 122.83 149.21 63.07 
G3 100 116.39 4.65 142.33 156.77 84.94 
G3 200 109.67 4.74 153.00 211.27 114.85 

0.05LSD N.S. N.S. N.S. N.S. N.S. 
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 Table 5. The effect of titanium on the yield parameters of three eggplant genotypes under heat stress conditions represented by the main and 
bi-interaction effects  

Non-significant values based on ANOVA Results are denoted via N.S.  

Treatments 
Fruit No.  

1-plant 
Fruit weight 

(g) 
Fruit length 

(cm) 
Fruit diameter  

(cm) 
)1-Total yield (t ha 

Stress Conditions 

C0 28.72 146.05 11.39 6.54 36.18 

C1 32.69 157.86 12.27 7.04 45.44 

C2 28.62 200.44 13.80 7.58 50.63 

0.05LSD 3.85 19.16 N.S. N.S. 5.39 

Eggplant Genotypes 

G1 33.09 161.27 9.22 8.39 46.55 

G2 29.82 165.42 13.82 6.68 43.53 

G3 27.13 177.66 14.42 6.09 42.17 

0.05LSD 3.45 6.64 0.85 1.15 N.S. 

Titanium Concentrations 

0 26.76 166.15 11.29 6.54 38.67 

100 30.67 175.63 12.67 7.30 47.29 

200 32.60 162.57 13.50 7.32 46.28 

0.05LSD 2.97 N.S. 0.59 0.49 4.03 

Stress Conditions 
X 
Eggplant Genotypes 

C0 

G1 33.93 136.05 8.59 8.17 41.12 

G2 26.29 154.52 13.18 6.06 34.76 

G3 25.94 147.59 12.39 5.39 32.67 

C1 

G1 39.54 143.05 9.00 8.42 50.57 

G2 28.53 162.98 13.26 6.54 41.49 

G3 29.99 167.53 14.56 6.17 44.24 

C2 

G1 25.79 204.71 10.06 8.58 47.94 

G2 34.64 178.74 15.03 7.43 54.34 

G3 25.45 217.86 16.31 6.72 49.60 

0.05LSD 5.04 19.28 N.S. N.S. 7.99 

Stress Conditions 
X 
Titanium Concentrations 

C0 

0 24.00 157.42 10.22 6.11 32.27 

100 28.88 145.51 11.83 6.83 36.59 

200 33.27 135.24 12.11 6.67 39.69 

C1 

0 31.36 149.26 10.76 6.46 41.17 

100 33.88 165.57 12.79 7.63 48.74 

200 32.82 158.75 13.27 7.05 46.40 

C2 

0 24.92 191.78 12.89 7.06 42.57 

100 29.27 215.81 13.39 7.44 56.55 

200 31.69 193.72 15.13 8.24 52.75 

0.05LSD N.S. N.S. N.S. N.S. N.S. 

Eggplant  Genotypes 
X 
Titanium Concentrations 

G1 

0 29.97 153.40 8.53 7.71 39.56 

100 34.79 166.53 8.72 9.07 50.57 

200 34.50 163.89 10.40 8.39 49.51 

G2 

0 26.58 173.22 12.32 6.41 40.79 

100 30.58 172.90 14.55 6.44 47.06 

200 32.28 150.13 14.60 7.17 42.74 

G3 

0 23.73 171.84 13.02 5.50 35.66 

100 26.65 187.45 14.74 6.39 44.25 

200 31.01 173.69 15.50 6.39 46.59 

0.05LSD N.S. N.S. 1.02 N.S. N.S. 
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protein, respectively), while the treatment C0 showed an 

increase in activities of the enzyme POD and SOD (17.23 unit mg-1 

protein and 61.61 unit mg-1 protein). The treatments under the 

C2 condition had a significant effect on potassium content in the 

leaves. The levels of potassium in open field condition C0 and the 

saran cover condition (C1) were found to be 3.17 % and 2.86 % 

respectively. Heat stress environments had no significant effect 

on the leaf nitrogen rate. 

 The results for genotype treatments showed that the 

Black Beauty (G1) variety was significantly superior, showing the 

highest SOD activity (55.35 unit mg-1 protein) as compared to the 

Raheeb F1 (G2) hybrid, which gave the lowest activity (33.37 unit 

mg-1 protein) (Table 7). Eggplant genotypes did not show a 

significant difference at 0.05 level for the leaf traits such as 

proline, POD, nitrogen and potassium. 

 Spraying of titanium oxide (TiO2) had a substantial effect 

on the eggplant plants, where the concentration of 200 mg L-1 

provided the highest values of proline, POD and SOD in the 

leaves (82.04 µg g-1 F.W., 12.92 unit mg-1 protein and 58.42 unit 

mg-1 protein, respectively). On the other hand, the control plants 

(without TiO2 treatment) recorded the lowest values of proline, 

POD and SOD (51.48 µg g-1 F.W., 8.44 unit mg-1 protein and 31.14 

unit mg-1 protein, respectively). Titanium treatment at the 

concentration of 100 mg L-1 yielded the maximum rate of 

nitrogen in leaves (3.63 %) as compared with the control. TiO2 

application had no substantial impact on the leaf potassium rate. 

In addition, the triple interaction had no significant effect on the 

leaf parameters (Table 8). 

 The quality of crop yields tends to improve in protected 

agricultural systems compared to open field systems. High 

vegetation indices are noted in C1 and C2 cover conditions. A 

positive response has been noted after shading on various 

parameters related to crop yield. The coverings played a 

substantial role in lowering the heat stress temperatures. Plants 

exposed to heat stress, i.e. open field conditions, showed a 

decrease in plant growth and production.  A rise in temperature 

by 1 oC induced a reduction of crop production by approximately 

17 % during the growing season (28). This can be ascribed to high

-temperature stress-induced decrease in the amount of active 

protein due to its breakdown or loss of its natural form. Besides 

this, other events such as a change in the nature of nucleic acids, 

alteration in membrane permeability due to accumulation of 

certain toxic substances, high rate of transpiration, dehydration 

reduced the overall growth and decreased flower formation. In 

addition, the leaves show a decrease in photosynthesis 

efficiency, evident through a reduction of carbohydrates along 

with a rise in the rate of respiration (29). High heat stress also 

disrupts enzymes and inhibits many metabolic pathways. This 

results from the accumulation of free radicals (ROS and RNS) 

such as O2•
−, OH•, H2O2, ROO• and NO•, leading to oxidative stress 

(30,31). These free radicals act as signal molecules, which 

stimulate the antioxidant defense mechanism of plants. Both 

enzymatic antioxidants such as SOD, CAT, APX, GR, GPX, 

dehydroascorbate reductase (DHAR) and non-enzymatic 

antioxidants such as ascorbates, glutathione, thiol and phenols 

increase in this case (10). This is what leads to the rise of 

antioxidants in the open field (C0) conditions as compared to 

Table 6. The effect of titanium on the yield parameters of three eggplant genotypes under heat stress conditions represented by the triple 
interaction  

Stress conditions 
X 
Eggplant genotypes 
X 
Titanium concentrations 

1-Fruit No. plant 
Fruit weight 

(g) 
Fruit length 

(cm) 
Fruit diameter (cm) )1-Total yield (t ha 

C0 

G1 0 32.25 136.69 7.67 7.67 38.83 
G1 100 32.50 142.29 8.83 8.67 41.30 
G1 200 37.03 129.18 9.26 8.17 43.24 
G2 0 21.17 177.83 12.17 5.50 33.30 
G2 100 29.75 142.26 13.48 6.00 35.95 
G2 200 27.95 143.48 13.90 6.67 35.03 
G3 0 18.59 157.73 10.83 5.17 24.67 
G3 100 24.39 151.96 13.17 5.83 32.53 
G3 200 34.84 133.06 13.17 5.17 40.80 

C1 

G1 0 37.35 131.83 8.58 7.64 44.19 
G1 100 42.80 139.36 8.33 9.55 53.45 
G1 200 38.48 157.97 10.08 8.08 54.07 
G2 0 27.68 165.54 11.46 6.40 40.59 
G2 100 30.25 168.15 14.33 6.67 45.89 
G2 200 27.65 155.27 14.00 6.56 38.00 
G3 0 29.07 150.41 12.23 5.33 38.72 
G3 100 28.59 189.19 15.72 6.67 46.87 
G3 200 32.33 163.00 15.72 6.50 47.14 

C2 

G1 0 20.30 191.68 9.33 7.83 35.65 
G1 100 29.08 217.94 9.00 9.00 56.96 
G1 200 27.97 204.51 11.86 8.92 51.22 
G2 0 30.91 176.28 13.33 7.33 48.48 
G2 100 31.75 208.30 15.83 6.67 59.34 
G2 200 41.25 151.64 15.92 8.29 55.20 
G3 0 23.54 207.37 16.00 6.00 43.60 
G3 100 26.96 221.20 15.33 6.67 53.36 
G3 200 25.85 225.01 17.61 7.50 51.84 

0.05LSD N.S. N.S. N.S. N.S. N.S. 

Non-significant values based on ANOVA Results are denoted via N.S.  
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Non-significant values based on ANOVA Results are denoted via N.S.  

Table 7. The effect of titanium on leaf biochemical parameters of three eggplant genotypes under heat stress conditions represented by the 
main and bi-interaction effects  

Treatments 
Leaf 

proline 
F.W) 1-(µg g 

POD activity 
protein) 1-(unit mg 

SOD activity (unit 
protein) 1-mg 

Leaf 
N 

(%) 

Leaf 
K 

(%) 

Stress Conditions 

C0 96.20 17.23 61.61 3.37 3.14 

C1 51.10 8.78 41.91 3.42 2.86 

C2 52.13 7.03 29.20 3.53 3.14 

0.05LSD 30.99 1.60 10.66 N.S. 0.23 

Eggplant Genotypes 

G1 76.18 9.61 55.35 3.47 3.11 

G2 69.73 12.44 33.37 3.42 3.01 

G3 53.53 10.99 44.00 3.44 3.06 

0.05LSD N.S. N.S. 6.61 N.S. N.S. 

Titanium Concentrations 

0 51.48 8.44 31.14 3.08 2.98 

100 65.92 11.68 43.15 3.63 3.15 

200 82.04 12.92 58.42 3.62 3.05 

0.05LSD 13.13 1.96 8.28 0.16 N.S. 

Stress Conditions 
X 
Eggplant Genotypes 

C0 

G1 112.59 12.64 74.17 3.59 3.31 

G2 109.96 20.94 45.76 3.36 2.96 

G3 66.05 18.11 64.91 3.17 3.14 

C1 

G1 55.61 8.44 55.20 3.31 2.79 

G2 51.94 8.51 35.68 3.46 2.95 

G3 45.77 9.39 34.86 3.51 2.85 

C2 

G1 60.34 7.73 36.68 3.51 3.22 

G2 47.28 7.87 18.68 3.43 3.11 

G3 48.77 5.48 32.23 3.63 3.19 

0.05LSD N.S. N.S. N.S. 0.31 N.S. 

Stress Conditions 
X 
Titanium Concentrations 

C0 

0 69.57 13.75 46.55 2.96 3.12 

100 102.02 19.06 56.06 3.66 3.26 

200 117.01 18.87 82.23 3.50 3.03 

C1 

0 45.62 6.04 27.80 3.08 2.74 

100 51.10 8.54 45.12 3.52 2.94 

200 56.59 11.76 52.81 3.67 2.91 

C2 

0 39.24 5.52 19.08 3.19 3.07 

100 44.62 7.44 28.28 3.71 3.25 

200 72.53 8.11 40.23 3.68 3.20 

0.05LSD N.S. N.S. N.S. N.S. N.S. 

Eggplant Genotypes 
X 
Titanium Concentrations 

G1 

0 60.82 6.45 42.77 3.05 3.19 

100 80.55 12.67 53.40 3.72 3.27 

200 87.17 9.70 69.87 3.63 2.87 

G2 

0 48.31 10.82 23.47 3.10 2.74 

100 71.69 10.71 33.02 3.57 3.16 

200 89.18 15.79 43.62 3.58 3.12 

G3 

0 45.31 8.05 27.19 3.08 3.01 

100 45.50 11.66 43.04 3.60 3.03 

200 69.77 13.26 61.77 3.63 3.14 

0.05LSD N.S. 3.39 N.S. N.S. 0.30 
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saran cover (C1) and non-woven fabric cover (C2). Nevertheless, 

treatments under C2 conditions can provide an ideal 

environment for mitigating the deleterious effects of heat stress 

as well as boosting crop growth and productivity. These results 

are consistent with previous studies on tomatoes (12) and 

studies on sweet peppers and eggplant (32). 

 The results from this study showed that genotypic makeup 

has an obvious influence on some of the vegetative growth, yield 

and chemical parameters. The marked variation in several traits is 

due to the nature of the genetic background and the way plants 

interact with the environmental conditions. Also, it is due to the 

suitability of genotypes for the prevalent experimental conditions 

or may be due to the physiological differences in the assimilation 

of the primary compounds formed by biological processes. 

Consequently, this has been reflected in plant production capacity 

and the gene expression of the studied hybrids (33). The reason for 

the superiority of Beauty Black is the nature of the genetic profile of 

the variety and its influence by environmental conditions (34). 

These results are consistent with previous studies  (35). 

 Results indicate that titanium concentrations significantly 

influenced the vegetative growth, yield and biochemical 

parameters of eggplant. This may be due to the fact that TiO2 

improves crop performance by enhancing chlorophyll content and 

photosynthesis as well as stimulating some enzymes, increasing 

the enzyme activity of lipoxygenase and nitrate reductase (36,37). 

Besides this, the role of titanium in enhancing the activity of 

antioxidant enzymes such as peroxidase, catalase, absorption of 

water and nutrients, acceleration in growth, improvement in plant 

resistance to stress conditions and improvements in the activity of 

enzymes such as nitrogenase, nitrate reductase (38,39) is well 

known. It also acts as the Redox Catalyzer in electron transport 

from photosystem II to photosystem I (40,41). The total chlorophyll 

content and number of leaves increased and this reflected a 

positive effect on other vegetable traits as well as yield 

components. These results are consistent with the studies 

conducted on pepper (42) and tomato plants (43). This has 

contributed positively to the increase in growth of eggplant. These 

current results are consistent with earlier findings which that 

showed the role of TiO2   in   the   improvement of nutrient 

absorption (17,44).  

 

Conclusion  

The response of the three eggplant genotypes to titanium 

application under heat stress conditions was evaluated. The 

results demonstrated a positive response in genotypes on 

exposure to 200 mg L-1 of titanium oxide given as foliar application. 

The highest effect on the vegetative growth was noted in Black 

Beauty (G1) as evident through parameters such as vegetative, 

productive and biochemical characteristics. The non-woven fabric 

cover (C2) was found to be the best option in terms of providing 

protection from heat stress damage and enhancing overall crop 

growth.    

 

Non-significant values based on ANOVA Results are denoted via N.S.  

Table 8. The effect of titanium on leaf biochemical parameters of three eggplant genotypes under heat stress conditions represented by the 
triple interaction  

Stress conditions 
X 
Eggplant genotypes 
X 
Titanium concentrations 

Leaf proline 
F.W.) 1-(µg g 

POD 
activity 

protein) 1-(unit mg 

SOD 
activity 

protein) 1-(unit mg 

Leaf 
N 

(%) 

Leaf 
K 

(%) 

C0 

G1 0 81.50 7.05 65.88 3.24 3.43 

G1 100 125.78 18.15 70.47 3.83 3.50 

G1 200 130.50 12.72 86.15 3.70 2.99 
G2 0 83.15 20.13 32.78 3.09 2.84 

G2 100 119.40 20.70 42.17 3.51 3.11 

G2 200 127.34 21.99 62.32 3.49 2.94 

G3 0 44.07 14.08 40.98 2.56 3.10 
G3 100 60.89 18.33 55.53 3.64 3.18 

G3 200 93.18 21.91 98.22 3.32 3.16 

C1 

G1 0 55.05 5.33 41.42 2.78 2.84 

G1 100 60.93 9.89 57.70 3.67 3.01 

G1 200 50.84 10.11 66.49 3.47 2.53 
G2 0 37.04 7.30 21.06 3.15 2.53 

G2 100 51.65 4.48 38.42 3.55 3.18 

G2 200 67.12 13.75 47.55 3.68 3.13 

G3 0 44.78 5.50 20.93 3.33 2.86 
G3 100 40.73 11.26 39.25 3.35 2.63 

G3 200 51.80 11.43 44.39 3.85 3.07 

C2 

G1 0 45.90 6.96 21.01 3.14 3.29 

G1 100 54.95 9.97 32.03 3.67 3.30 
G1 200 80.17 6.26 56.99 3.73 3.09 

G2 0 24.74 5.04 16.56 3.07 2.85 

G2 100 44.01 6.94 18.46 3.65 3.18 

G2 200 73.08 11.61 21.00 3.58 3.30 
G3 0 47.08 4.57 19.66 3.35 3.08 

G3 100 34.89 5.41 34.33 3.83 3.29 
G3 200 64.32 6.45 42.71 3.72 3.20 

LSD0.05 N.S. N.S. N.S. N.S. N.S. 
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