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Abstract 
Agricultural production is considered one of the sectors most affected by climate change, especially drought; in the semi-

arid climate zone, rainfall is variable leading to several challenges that affect agricultural production. Thus, this study 

was conducted using antitranspirant (1:10), nano-potassium (2 g L-1) and 50% shading with a green net to protect 

grapevines, Vitis vinifera L., cv. Tre-Rash under rain-fed conditions. A simple randomized complete block design 

experiment was conducted to enhance grape yield and quality, to explore the synergistic effects of the treatments used 

on grapevines grown under water-limited conditions. The results showed that the treatments significantly enhanced some 

vegetative traits such as main shoot length and chlorophyl content. Moreover, the variance among values of cluster 
weight, number of berries per cluster, weight of 100 berries, size of 100 berries, total soluble solid TSS, total titratable 

acid TA, total anthocyanin content in grape, total carotenoid, total soluble sugar content in grapes and leaves, total 

phenolic content in grapes and leaves, total flavonoid content in grape and leaves, leaf proline, leaf lipid peroxidation 

and yield per vine were significantly different.  

Keywords: Vitis vinifera L., Drought stress, phytochemical, grape quality. 

I. Introduction: 

Grapes (Vitis vinifera L.), classified as members of the Vitaceae family, have been cultivated since ancient times in the 

Mesopotamian Valley and are recognized as one of the most important horticultural crops across the worldwide, 

including in Iraq. Nowadays, more than 100 cultivars are grown, with the majority located in the Kurdistan Region 

(Abiri et al., 2020; Hussein et al., 2022 and Al-jubori, 2023). Grapevines are well-suited to arid and semi-arid climates 

due to their deep root systems, efficient stomatal control, and osmotic adjustment, which make them resilient under 

water-limited conditions (Chacón-Vozmediano et al., 2020 and Romero et al., 2025). The region has experienced 

increasingly semi-arid conditions due to climate change, characterized by rising temperatures, reduced rainfall, and 

declining surface water and vegetation. These environmental changes pose serious threats to agricultural productivity 

(Al-Quraishi & Negm, 2020). 

Drought stress leads to dehydration of plant cells, reduced nutrient uptake, and limited carbon dioxide assimilation due 

to stomatal closure, ultimately contributing to decreased crop productivity (Begna, 2020 and Zahedi et al., 2025). In 

such conditions, antitranspirants can mitigate drought effects by reducing water loss through transpiration, especially in 
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semi-arid regions where water absorption is consistently lower than transpiration. antitranspirants are compounds 

applied to foliage to minimize water loss by either forming a protective film on leaf surfaces or modifying stomatal 

behavior, thereby helping to maintain plant hydration (Moghith, 2024).   

Potassium an essential mineral recognized as a fruit qualities component, it has positive result on improving fruit quality 

and quantity. enhancement of fruit traits related with potassium may be attributed to several factors, include raised 

accumulation of assimilates, expansion of the cells and enlargement of fruit tissue volume, all of prior factors contribute 

to enhancer fruit weight. Additionally, in a rainfed system, with water and nutrients are limited, nano-potassium proves 

especially advantageous. It enhances nutrient use efficiency, strengthens root growth, and improves plant tolerance to 

environmental stress (Alharbi et al., 2024). 

However, grape berry size can be influenced by sunlight exposure (Torres et al., 2020). Moreover, in late summer, grape 

berries are subjected to exposure to excessive solar radiation, resulting in increased sunburn damages and alterations in 

the berries’ visual and organoleptic qualities (Palliotti et al., 2014 and Gambetta et al., 2021). To mitigate the effects of 

solar radiation, shading by a net plays an active role in limiting the effects of high temperatures and reducing direct 

sunlight exposure (Miccichè et al., 2025)  

Tre-Rash grape cultivar considered one of the locally grapevine cultivars which cultivated in Kurdistan under rain-fed 

conditions. Reducing rainfall and increasing temperatures caused to conduction this study aims to boost some vegetative 

growth traits, enhance some characteristics of berries and vine yield (Mahmood et al., 2022). 

II. Materials and Methods: 

This field trial was carried out during the 2025 growing season on the 12-years-old grapevine cultivar Tre rash, in a 

private vineyard under rainfed condition located in Dukanian, Shar-bazher, Sulaymaniyah Governorate, Kurdistan 

Regional, Iraq. The location coordinate is 35°34'37.8"N 45°30'58.8"E with 890 m above sea level (Figure 1). 

At the end of the experiment, soil samples at 0-30 cm depth collected randomly from several place within the vineyard, 

thoroughly mixed, the soil was then analyzed at the central laboratory, Department of Biology, College of Science, 
University of Baghdad, and the results of the soil analyses are presented in (Table 1). The meteorological data were 

shown in (Table 2) 
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Figure 1 Map of experiment study site 

Table 1: Some soil chemical and physical properties in the experimental location.   

Soil Components Value Unit Soil Texture Class 

Silt 453.6 

g kg-1 

Loam 

Sand 296.4 

Clay 250.0 

Organic Matter  15.5 

Available Nitrogen 52 
mg kg-1 

Available Phosphate 16 
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Available Potassium 46 pH 

EC 1.16 dS m-1 7.55 

Table 2: Some meteorological data of the study location during 2024-2025. 

Months  
Temperature °C Rainfall 

(mm) Aver. Max. Min. 

9/2024 25.8 40.2 11.3 0.5 

10/2024 18.6 32.1 5.0 0.0 

11/2024 14.1 24.2 4.0 197 

12/2024 5.6 15.2 -4.0 95.5 

1/2025 5.0 15.3 -5.3 46.5 

2/2025 3.0 14.0 -8.1 132 

3/2025 12.8 23.4 2.1 58 

4/2025 18.6 29.1 8.0 76 

5/2025 26.2 37.2 15.2 32.5 

6/2025 29.5 40.2 18.8 0 

7/2025 35.55 44.8 26.3 0 

8/2025 34.15 44.1 24.2 0 

 

Vine Selection: 

In a private vineyard 24 uniform vines (Tre-Rash cultivar) were selected as uniform in vigor, size, healthy, and good 

physical condition. The vine pruning was performed during the dormant stage on March 11, 2025 by leaving five fruiting 

spurs on each vine, with four buds per spur, resulting in a total of 20 buds per vine. Vines are spacing at 2.5 x 3 meters 

apart and the rows were arranged from Northwest to Southeast and trained according to the head training system. All 
vines undertaken in this study received the standard agricultural practices often used in commercial vineyards. The 

harvest date had been noted after the TSS of berries reached 16% (Al-Saidi, 2000) and the color changed to black.  

Treatment application  
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Wilt pruf Products, Inc., Essex, CT, USA antitranspirant manufactured in United States of America was applied by 

spraying the solution onto the vine's vegetative growth. The concentrated antitranspirant was diluted with distilled water 

at concentration at a ratio 1:10 L according to producer recommended dose. The antitranspirant was applied in two time: 

the first application was before veraison (18 June 2025), and the second was two weeks after the veraison stage (15 July 

2025). On another hand, the veraison stages (pre and post) compose the most sensitive phenological phases in 

grapevines, during which water stress has the greatest effect on grape yield and berry quality (Albrizio et al., 2023). 

Foliar applications of Nano potassium fertilizer at concentration (2 g. L⁻¹) according to the manufacturer’s 

recommendations, were used by applying the solution to the vine’s vegetative growth using the foliar application method 

spraying at key growth stages three times (beginning of vegetative growth, after fruit set stage, at version stage). Shading 

is one of the treatments of this study in which we applied green color net with 50% shading, that were applied three 

weeks after fruit setting stage of the growing season at (12 June 2025).  

Experimental Design and Statistical Analysis: 

The experiment was conducted using a simple randomized complete block design (RCBD) with 8 treatments, each 

replicated three times and randomly assigned within each block. A total of 24 vines were used. Treatment combinations 

were applied accordingly to evaluate their interactive effects, as follows: 

T1 = Control   

T2 = Antitranspirant  

T3 = Nano potassium fertilizer 

T4 = Shading  

T5 = Antitranspirant + Nano potassium fertilizer 

T6 = Antitranspirant + Shading  

T7 = Nano potassium fertilizer + Shading 

T8 = Antitranspirant + Nano potassium fertilizer + Shading  

The measured vegetative traits were main shoot length (cm), main shoot diameter (mm), single leaf area (cm2) and leaf 

chlorophyll concentration (SPAD), about the physical grape traits cluster weight (g), weight of 100 berries (g), size of 

100 berries (cm3), Juice (%) and berry firmness (N). The measured chemical traits were total soluble solids (TSS%), 

total titratable acid (TTA%), grape total anthocyanin content (mg 100 g-1 FW) according to (Ranganna, 2011), total 

soluble sugar content of grape and leaves (µg g-1 FW) according to (Rasul, 2023), total phenolic content in grape and 

leaves (μg GAE g-1 FW) according to (Rasul, 2023), total flavonoids content in grape and leaves (μg QE  g-1 FW) 

according to (Rigane et al., 2017), leaf content of proline (μg g-1 FW) according to (Rasul, 2023) and leaf content of 

lipid peroxidation (nmol g-1) according to (Rasul, 2023).  

The data were analyzed using XLSTAT software. Analysis of variance (ANOVA) was performed to test the significance 

of the treatment effects. Means were compared using Duncan’s Multiple Range Test at the 5% level of significance (Al-

Rawi & Khalafalla, 2000). 

III. Results and Discussions: 

Vegetative traits: 

The arranged data in Table 3 show the effect of antitranspirant, nano-potassium, shading and their combinations on some 

vegetative parameters on vine, about main shoot length the maximum significant value (199.63 cm) was obtained in the 

T8, which presents the interaction among the three treatments of the experiment, the second and third highest values 

https://doi.org/10.54174/utjagr.v13i1.323
https://jam.utq.edu.iq/index.php/main
https://creativecommons.org/licenses/by-nc-sa/4.0/


University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708-9347, ISSN Print: 2708-9339  Volume 14, Issue 2 (2025) PP 340-362 

https://doi.org/10.54174/utjagr.v13i1.323           https://jam.utq.edu.iq/index.php/main 

 

Page 345    
  
  

)  sa/4.0/-nc-https://creativecommons.org/licenses/by(SA license -NC-BY-This is an open access article under the CC agrUTJ 

 

 

recorded by T3 and T7 which were (186.67 and 184.70 cm) respectively, the lowest value was recorded by the control 

(T1) which was (148.03 cm). The increase of shoot length by antitranspirant application may be due to that explained 

by (Fahmy, 2023) which was mentioned, antitranspirant application (film formation type) has positive effect on 

vegetative growth by protecting plant leaves from damage and reducing transpiration. Nano-potassium application led 

to an increase in shoot length because potassium acts as a key role in regulating the cell osmotic potential and the 

stomatal opening and closing is controlled by potassium. It also has significant role in rising photosynthesis when it is 

obtainable in proper quantities (Taiz & Zeiger, 2010). Furthermore, Köse (2014) explain that with reducing light 

intensity increasing of shoot length occurred, moreover shading grapevines by green net led to increase shoot length 

may be due to the shade treatment led to lessen in temperature about 2°C. Therefore, biochemical and physiological 

processes in leaf and berry worked actively compared to those exposed to direct sunlight (Caravia et al., 2016 and Qiu 

et al., 2016). 

About, values of single leaf area shown in (Table 3), no significant differences recorded among them, the maximum and 

minimum values were (95.90 and 82.88 cm2) obtained in (T5 and T1) respectively.   

The treatments significantly affected on leaves chlorophyl concentrations (Table 3), maximum significant value (20.63 

SPAD) recorded by shade treatment (T4), minimum value (13.42 SPAD) recorded by non-treated grapevine. These 

differences in recorded values may be attributed to that demonstrated by (Abdallah et al., 2019) that drought stress 

disrupts the photosynthetic pigments caused damage to the photosynthetic prosses, reducing gas exchange, causing a 

decrease the plant growth and productivity. Chlorophyll content inhibition in most plants survive in stress condition may 

be returned to the disorganization membranes which known as thylakoid, with degradation chlorophyll more than 

synthesis through the formation of proteolytic enzymes such as chlorophyllase that is in charge of chlorophyll degrading 

and damaging the photosynthetic apparatus. Also, grape vine considers as one of the plants which close the stomata to 

facing the drought stress, this stomatal closure effect on the CO₂ diffusion and reduce it, this process led to decreasing 
photosynthetic activity. The spray of antitranspirant limiting decrease drought stress by retaining more water in the 

leaves, and led to improve photosynthetic and chlorophyll concentration (Zulkarnaini et al., 2020). About, net shading 

the lengthy exposure of photosynthetic parts of plants to high degree of light can caused in photoinhibition, this outcome 

is attributable to an evident of photochemical stress, which may at first lead to reduce photosynthetic performance and 

in the end lead to the decreasing of pigments (Miccichè et al., 2025). Moreover, Zonouri et al. (2014) describe that high 

temperatures, drought and severe sunlight commonly result in reduce the concentrations of chlorophyll. Also mentioned 

that plants as a response to drought stress close the stomata, in long term the stomata close caused chloroplast degradation 

which led to reduce in chlorophyll. 

Table 3 Effect of antitranspirant, nano-potassium and shading on some vine vegetative parameters 

Treatments 
Main Shoot Length  

(cm) 

Single Leaf Area  

(cm²) 

Leaf Chlorophyll 

Concentration (SPAD) 

T1 148.03 d 82.88 a 13.42 c 

T2 158.83 cd 84.86 a 15.40 bc 

T3 186.67 ab 86.03 a 15.50 bc 

T4 175.20 bc 84.70 a 20.63 a 

T5 175.17 bc 95.90 a 17.13 abc 

T6 170.80 bc 93.32 a 19.27 ab 
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T7 184.70 ab 85.80 a 19.17 ab 

T8 199.63 a 86.75 a 20.13 ab 

T1 = Control, T2 = Antitranspirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Antitranspirant + Nano 

potassium fertilizer, T6 = Antitranspirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = 

Antitranspirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple 

range test at the 5% level of probability. 

 

 

Cluster and Berries Physical Traits:  

Table 4 shows the effect of antitranspirant, nano-potassium and shading and their combinations on some clusters and 

berries physical parameters. About the cluster weight maximum value 301.53 g recorded by the grape vine treated with 

the three factors which used in this experiment (T8), minimum value 171.40 g obtained by control (T1) (Table 4). Treated 

vine by antitranspirant, potassium and shading (individually or binary or triply) have significant effect on cluster weight 

compared to the control, the prior results may be due to it is self-evident that lower berries weight and berries number 
on cluster resulted to lower cluster weight. According to (Pallotti et al., 2025) the antitranspirant spraying maintains the 

water inside the plant tissue which leads to an increase berries weight and total yield. Bayraktar et al. (2025) illustrate 

that grape shading might increase potassium accumulation in grape leaves, may be due to decreased transpiration losses.  

Significant variance in the weight and size of one hundred berries observed among the treatments as precented in (Table 

4), maximum weight of a hundred berries value was 252.85 g recorded by T8 and followed by T3, T5, T7 and T6, these 

treatments were significantly compared to control which give lowest value (182.67 g). Also, T8 recorded the maximum 

value of a hundred berries size which was (264.00 cm3), lowest value was (205.33 cm3) recorded by T1. According to 

(Irani et al., 2021) drought stress intensely reduced the weight of grape berries, and vine yield may be due to water 

reduction which it necessary for growth the cell which be the factor cause reduce berries weight, by using antitranspirants 

in the hyper-arid zone grape berry weight increased by limiting transpiration, enhancing water use efficiency, and 

improving photosynthesis (Li et al., 2021), grape microclimate is enhanced by shading and it has significant effects on 

photosynthesis, shading results in reduced wind and solar radiation which leads to lower transpiration request and more 
opening of stomates core, these aspects positively regulate berry growth due to utmost of water in the cells, approve of 

turgor pressure (Guérios et al., 2021), Under drought and hot conditions, the concentration of potassium reduced, in 

accord with its function in osmotic preservation. Nevertheless, under water stress conditions, the conductance of stomata 

is interrupted under moderate potassium deficiency. Such behavior propose that plants are limited in their capability to 

growth under water shortage conditions when it is hardly possible to uptake potassium (Villette et al., 2020). On the 

berry surface few lenticels and stomata are existing which lead to grape berries transpiration, application of anti 

transpirant reduce berry transpiration, and remain the cell water holding and swelling and finally the berries size increase 

(Fahey & Rogiers, 2019). It is common that during grape growth stage a complex stream of physicochemical actions 

accrue, for example grape chemical composition, change in berry size and its color and flavor. The temperature deems 

one of the main factors influences both cell enlargement and division, such as described in research conducted by (Dinis 

et al., 2020) that temperature above 35 °C result to decrease berry growth and size. as shown in Table 2 the maximum 

temperature was near 45 °C in the study locution. Nonetheless, solar radiation additionally affected on berry growth. 

These factors can be consideration because both factors (antitranspirant and shading) caused cooling the vine parts. 
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Grape juice percentage and berry firmness dose not influenced significantly by the treatments the highest values were 

(52.92%) and (8.31 N) recorded by (T5) and (T8) respectively. 

Table 4 Effect of antitranspirant, nano-potassium and shading on some grape cluster and berries physical 

parameters. 

Treatments 
Cluster Weight 

 (g) 

Weight of 100 Berries 

 (g) 

Size of 100 Berries 

 (cm³) 

Juice 

 (%) 

Berry Firmness  

(N) 

T1 171.40 c 182.67 b 205.33 b 48.93 a 6.24 a 

T2 290.37 ab 221.33 ab 230.67 ab 52.50 a 6.86 a 

T3 280.33 ab 238.51 a 238.67 ab 44.15 a 6.59 a 

T4 266.33 ab 219.21 ab 216.00 b 47.24 a 7.31 a 

T5 265.17 ab 235.73 a 229.33 ab 52.92 a 7.05 a 

T6 237.50 b 230.33 a 238.67 ab 45.26 a 6.57 a 

T7 279.93 ab 234.93 a 249.33 ab 52.93 a 7.49 a 

T8 301.53 a 252.85 a 264.00 a 48.15 a 8.31 a 

T1 = Control, T2 = Anti-transpirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Anti-transpirant + Nano 

potassium fertilizer, T6 = Anti-transpirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = Anti-

transpirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple range 

test at the 5% level of probability. 

Total yield 

Effect of antitranspirant, nano-potassium and shading on grape vine yield illustrated in (Figure 2), the mean values were 

significantly differences, maximum significant value was (4.76 kg vine-1) recorded by (T8), it achieved (17%) of total 

vineyard yield, followed by (T7) which recorded (4.47 kg vine-1) achieved (16%) of total yield. Minimum significant 

value was (1.43 kg vine-1) recorded by untreated vines which was (5%) of the total yield. From the results it is clear that 

the value of each treatment (T2 -T8) is significantly compared to (T1). These variations on results may be returned to 

which showed by researchers which are divided in two groups, the first group, showed that in drought stress, the 

differences of vine yield resulted due to changes the berry weight not cluster number and berries number (Freeman et 

al., 1979 and Chacón-Vozmediano et al., 2020). In contrast, the second group observed that drought stress was reduced 

cluster and berry weight and also reduced the cluster number on the grape vine (Girona et al., 2006; Santesteban et al., 

2011 and Shellie, 2014), these results are inversely which may obtain due to grape cultivar, location, environmental 

conditions, irrigation, nutrient, soil type, vine age …. Etc. As described by (Miccichè et al., 2025) the shading led to 

enhance the weight of clusters and finally increased the total weight of vine. Potassium fertilizer application has a 

positive influence on various plant activities, which include metabolic, biological and physiological functions. potassium 

enhances photosynthesis process, and control stomatal closing and opening, which mean it has positive effects on the 

total yield increasing (Benmoussa & Ben Mimoun, 2025). 
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Figure 2 Effect of antitranspirant, nano-potassium and shading on grape vine yield. 

 

Berries chemical Traits:  

Total soluble solids (TSS) differed significantly due to the treatment effects (Table 5), the control recorded the maximum 

significant value which was (22.57%) followed by the application of nano-potassium which was (21.87%). Minimum 

significant value was (17.03%) recorded by (T3) which was a shading application by a green net. These variances may 

be due to the fact that TSS decline in antitranspirant treated vines may be attributed to a reduction in photosynthetic 
capacity or/and restraint in the translocation of sugar from leaf to berry (Di Vaio et al., 2019). According to Cataldo et 

al., (2022) temperatures above 32 °C caused higher TSS due to an increase in suspended content. Potassium has a 

positive role in the translocation of sugar which is produced by starch hydrolysis from the leaf to fruit, which lead to rise 

of TSS because a general increase sugar accumulation results high TSS (Kumaran et al., 2019). 

The TTA was affected significantly by treatments (Table 5), maximum significant value (0.798%) recorded by T8, 

lowest significant value (0.590%) which was recorded by T1 (control). These significant differences among treatments 

may be due to antitranspirant application causes a decrease in CO2 uptake, by layering a film on the leaf surfaces, which 

finally results in delaying sugar accumulation in fruit and total acidity still high (Silvestroni et al., 2020). Shading results 

in cooling in the vine and as described by (Parker et al., 2015) there is a negative correlation between temperature and 

TTA, which means increasing temperature caused a reduction in TTA.  

Total carotenoid content in grape berries showed significant differences resulting from the experiment treatments 

antitranspirant, nano-potassium and shading (Table 5). Untreated grape resulted in the maximum significant increases 

among treatments which was (1.40 µg g-1 FW) followed by the treatment number three which was nano-potassium 

application and it recorded (1.28 µg g-1 FW). The lowest value was (0.70 µg g-1 FW) obtained by (T8). This improvement 

in grape carotenoid in stress condition may be due to the fact that one of the important non-enzymatic antioxidants is 

carotenoids, it is acting a vital role in response to various stress conditions. Consequently, their ratio and level may rise 

as a response to drought stress (Jaleel et al., 2009; Young & Lowe, 2018 and Kovalikova et al., 2020). Under water 

stress, the chlorophyll content reduces under water stress (Table 3), this reduction may be attributed to increase reactive 
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oxygen species production, which results in the breakdown of these pigments. Carotenoids act as chlorophyl protector 

from photooxidation (Saedi et al., 2017). This result is in line with (Zonouri et al., 2014) which mentioned that khoshnav 

grape cultivar in drought stress increase the carotenoid content. The increase of fruit carotenoid content resulting from 

nano-potassium application may be due to that described by (Kohli et al., 2019) that potassium led to a rise carotenoid 

content by enhancing protein in thylakoid membrane. As anticipated, from the researchers monitoring that sunlight may 

be promote photosystem II function in plants, thus, carotenoid biosynthesis (Albrecht & Sandmann, 1994). Inversely, 

shading reduced sunlight and consequentially decline carotenoid. 

Also, anthocyanin content in grape berries recorded significant differences among the research treatments at p < 0.05 

level (Table 5), maximum significant mean value compared to all other treatments was (2.52 mg 100g-1 FW) recorded 

in untreated grape, second significant mean value was (2.34 mg 100g-1 FW) recorded by grape treated with nano-

potassium, the interaction of antitranspirant and shading (T6) gave the lowest significant value which was (1.50 mg 
100g-1 FW). These variations in the anthocyanin values may be attributed to the effects of treatments as following, under 

water stress, the chlorophyll content reduces in drought condition (Table 3), this reduction may be attributed to increased 

reactive oxygen species production, which results in the breakdown of these pigments. The rise in anthocyanins and 

carotenoids is a preservative response from the plant, anthocyanins act as important antioxidants to protect plant tissues 

against oxidative stress by directly scavenging free radicals (Saedi et al., 2017). By using an antitranspirant, the grape 

berry cell holds utmost water which leads to color dilution and decrease the anthocyanin concentration in red grape 

cultivars (Fahey & Rogiers, 2019).  Hornero-Méndez et al., (2000) explained that the pepper fruits in immature stage 

are green color, which is due to the chlorophyll pigments. The breakdown of chlorophyll results in a loss of green color, 

and as the fruit ripens, the color changed to red. Moreover, the TSS number is considered as the degree of grapes 

maturation, by referring to Table 5 it can be observed that highest values of TSS were recorded by (T1 and T3) treatment 

respectively, that may be the factor that led to record total anthocyanin in same treatments. (Wu et al., 2021) showed 

that foliar potassium application on grapes might quicken the ripening. By accumulating a great amount of anthocyanin, 

the grape berries will be red or black. Generally, anthocyanins are inversely affected by increasing the temperature when 

the temperature become too high (Palliotti et al., 2013; Spayd et al., 2002). On the other hand, (Köse, 2014) showed that 

shaded plants have lower temperature compared with unshaded plant, which may be the reason for the reduction of 

anthocyanins. Moreover, anthocyanins are synthesized when the berries of grape arrived at the veraison stage, duration 

which, any change or few changes in light intensity reduce the accumulation of anthocyanin (Ristic et al., 2007). 
Anthocyanins synthesis and accumulation in red grape can be regulated by the sugar content in grape (Palliotti et al., 

2013), and as shown in Figure 2 the sugar values in (T1 and T3) are the highest values which may lead the anthocyanins 

to be high in these treatments too. 

Table 5 Effect of antitranspirant, nano-potassium and shading on some grape berries’ chemical parameters. 

Treatments 

Total Soluble Solids 

(TSS) 

(%) 

Total Titratable Acid 

(TA) 

(%) 

Grape Content of 

Total Carotenoid  

(μg g-1 FW) 

Grape Content of 

Total Anthocyanin  

(mg 100g-1 FW) 

T1 22.57 a 0.590 f 1.40 a 2.52 a 

T2 18.13 c 0.721 c 0.93 de 1.71 c 

T3 21.87 ab 0.717 cd 1.28 ab 2.34 b 
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T4 17.03 c 0.761 b 0.77 ef 1.75 c 

T5 18.73 bc 0.699 e 1.15 bc 1.80 c 

T6 19.73 abc 0.708de 1.02 cd 1.50 d 

T7 17.73 c 0.711 cde 1.08 cd 1.77 c 

T8 17.40 c 0.798 a 0.70 f 1.73 c 

T1 = Control, T2 = Antitranspirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Antitranspirant + Nano 

potassium fertilizer, T6 = Antitranspirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = 

Antitranspirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple 

range test at the 5% level of probability. 

The effects of antitranspirant, nano-potassium and shading on grape and leaves total soluble sugar content are shown in 

Figure 3, the treatments effects significantly on grape berries total soluble sugar content; the maximum significant value 

was 1321.36 µg g-1 FW recoded by the control, furthermore, second significant value was (1313.42 µg g-1 FW) recorded 

by nano-potassium application (T3). In contrast, the minimum significant value was (806.23 µg g-1 FW) recorded by 

(T6) which was the interaction between antitranspirant and shading. In (Figure 3) the antitranspirant (T2) and shading 

(T4) application individually recorded the mean values lower than control and may be the interaction between them lead 

to more increase in total soluble sugar content. By using antitranspirant the grape berry cell holding utmost water which 

lead to sugar dilution and decrease the sugar concentration (Fahey & Rogiers, 2019) or CO2 uptake was reduced due to 

the permeability of the film-forming which, which cause, retard sugar accumulation (Silvestroni et al.,2020). 

Anthocyanins synthesis and accumulation in red grape can be regulated by the sugar content in grape (Palliotti et al., 

2013), and as shown in Figure 2 the sugar values in (T1 and T3) are the highest value which may be lead the anthocyanins 

are be high in these treatments too. On another hand, one of TSS component is sugar, and as shown in Table 5 the TSS 

value in antitranspirant application (T2) was lower than (T1 and T3) and higher compared to (T4). Antitranspirants 

applications demonstrate opposed results regarding to their effects on grape anthocyanins conte1nt. Some researchers 

showed a significant rise in the grape anthocyanin content has been recorded by (Palliotti et al., 2010; Gatti et al., 2016 

and Di Vaio et al., 2019).  In contrast, a decline in the concentration of anthocyanin after antitranspirants application 

was observed by (Palliotti et al., 2013 and Brillante et al., 2016), or a delayed berries coloration (Zhang et al., 2017). 
Before veraison stage, potassium could contribute to inner sugar dealing out in plants and later accumulate in the cell 

vacuole with begins the grape maturity. Moreover, potassium also possesses a role in synthesis the carbohydrate and 

also translocation it increases as a result grape soluble solids content which may explain the rising sugar content in grape 

berries (Rogiers et al., 2017 and Benmoussa & Ben Mimoun, 2025). Guérios et al. (2021) declare that shading had 

significantly lessen sugar accumulation and delayed the maturation of fruit. 

Figure 2 showed the significant effect of the treatments on leaves total soluble sugar content, according to the figure, 

generally the two line of soluble sugar content are nearly show parallel line with different values. Maximum significant 

mean value was (313.83 µg g-1 FW) recorded by control followed by (T3) which gave (292.33 µg g-1 FW). Minimum 

significant mean values were (209.01 and 213.52 µg g-1 FW) recorded by (T4 and T8) respectively. Near fruits ripening 

the plant demand to potassium increasing, and may be due to that potassium application which lead to improve the 

process of nutrient uptake in the fruit and increase the sugar content (Wang et al., 2024).  
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T1 = Control, T2 = Anti-transpirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Anti-transpirant + Nano 

potassium fertilizer, T6 = Anti-transpirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = Anti-

transpirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple range test at 

the 5% level of probability. 

Figure 3 Effect of antitranspirant, nano-potassium and shading on grape and leaves total soluble sugar content. 

 

Effect of the antitranspirant, nano-potassium and shading on grape and leaves total phenolic content shown in Figure 4, 

significant differences among the means values of total phenolic content in leaf berries were observed. The highest value 

of total phenolic content in leaf was (907.08 µg g-1 FW) recorded by nano-potassium application treatment (T3), the 

second high value was (897.20 µg g-1 FW) recorded by the control treatment (T1). In our results, total phenolic content 

in the grape berries of shaded vine gave the lowest value which was (560.16 µg g-1 FW). These variations among the 

mean values of treatments may be due to that illustrated by many researchers, which describe that under different abiotic 

stresses conditions the phenols production in plant tissues increased (Król et al., 2014). The increase of phenolics and 

flavonoids and under severe water limiting stress is linked to the cumulation of soluble carbohydrates in plant tissue in 

order to reduce the transportation of soluble sugar among the plant parts under drought stress condition (Gharibi et al., 
2016). It is obvious that an increased in light radiation and due to rise the stress on plant lead to accumulation more 

phenol and flavonoid in leaves and berry skin (Oliveira et al., 2014 and Miccichè et al., 2023).  

Research treatments led to recorded significant variations among mean values of grape total phenolic content, with nano-

potassium spray the maximum mean value was recorded (188.76 µg g-1 FW), followed by (185.17 µg g-1 FW) which 
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recorded by control. With shading vine lowest grape total phenolic content which was (122.85 µg g-1 FW). Previous 

research such as Irani et al. (2021) illustrated that phenolic compounds consider from a category of nonenzymatic 

antioxidant systems operate in plants cells with abiotic stresses. Moreover, Wróbel et al. (2005) explain that phenols 

production in plant cell may be rise under different abiotic stresses conditions. Environmental stress can cause a grow 

(Al Hassan et al., 2015 and Gharibi et al., 2016) or a reduction (Weidner et al., 2007 and Krol et al., 2014) in the total 

phenolic content of plants. These variance in results may be due to that many phytochemicals accumulation in plants, 

their degree are affected by alteration in temperature, water availability and light, as these environmental traits vary both 

around the day and year, also by seasonal variation and geographical locations and the more important factor is plant 

genetic (Liebelt et al., 2019 and Jadaun et al., 2023). Anthocyanins are considered as the most plentiful phenolic 

compounds in black grapes, accounting for more than half of the total of phenolic compounds are anthocyanins (Pérez-

Álvarez et al., 2021), and is clear from Table 5 the highest values of anthocyanins recorded by (T1 and T3) also same 

treatments was recorded maximum total phenolic content (Figure 4).  
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T1 = Control, T2 = Anti-transpirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Anti-transpirant + Nano 

potassium fertilizer, T6 = Anti-transpirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = Anti-

transpirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple range test at 

the 5% level of probability. 

Figure 4 Effect of antitranspirant, nano-potassium and shading on grape and leaves total phenolic content. 

 

Antitranspirant, nano-potassium and vine shading have significant effects on grape and leaves total flavonoids content 

(Figure 5). In Tre-rash cultivar, the results of estimating the total flavonoids in leaf showed that the treatments have 

significant effects, the highest value was (430.67 µg QE g-1 FW) recorded by (T1), followed by (T3) which gave (427.04 

µg QE g-1 FW) the both treatments are significant compared to other treatments, lowest significant value was (225.81 

µg QE g-1 FW) recorded by (T6). 
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 The mean values of total flavonoid content in grape also differ significantly, maximum value was (52.58 µg QE g-1 FW) 

recorded by untreated vine (T1), followed by nano- potassium application (T3) with value (22.38 µg QE g-1 FW). 

Minimum significant value (16.44 µg QE g-1 FW) was recorded by the interaction of spray antitranspirant on shaded 

vine (T6). These variations in the total flavonoids content in grape and leaves may be due to that in water stress condition, 

decrease canopy growth, resulted to more exposure of grape clusters to sunlight. Flavanols biosynthesis is especially 

receptive to sun light and UV exposure, the final result flavonoids accumulation (Gambetta et al., 2020). Using both 

shading with antitranspirant on grapevine reduce the leaf temperature about 5°C compared to control (Cataldo et al., 

2022), this increase in temperature may be reduce the effect of stress and lowering the concentration of those 

phytochemicals which rise in stress conditions. 
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T1 = Control, T2 = Anti-transpirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Anti-transpirant + Nano 

potassium fertilizer, T6 = Anti-transpirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = Anti-

transpirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple range test at 

the 5% level of probability. 

Figure 5 Effect of antitranspirant, nano-potassium and shading on grape and leaves total flavonoids content. 

 

From the data arranged (Figure 6) we conclude that grape leaf proline was affected significantly by treatments, maximum 

significant value of grape leaf proline content was (3764.51 µg g-1 FW) recorded by control (T1), lowest significant 

value of grape leaves proline content was (2615.79 µg g-1 FW) recorded when the grapevine treated by antitranspirant, 

nano-potassium and shading by green net (T8). These recorded variances among the treatment mean values may be due 

to that suggest by Seidi et al. (2025) that the proline content in leaves is a prevalent adaptive strategy of plants against 

stress, while proline acts a significant role in several physiological processes such as membrane stabilization, antioxidant 

defense and osmoregulation. 

 

T1 = Control, T2 = Anti-transpirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Anti-transpirant + Nano 

potassium fertilizer, T6 = Anti-transpirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = Anti-

transpirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple range test at 

the 5% level of probability. 
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Figure 6 Effect of antitranspirant, nano-potassium and shading on grape leaf content of proline. 

The used treatments (antitranspirant, nano-potassium and shading) recorded significant differences among means values 

of grapevine leaves lipid peroxidation content at p < 0.05 level Figure 7, maximum value which recorded by untreated 

grape vine was (3.72 nmol g-1) this treatment was significantly compared to all other treatments which were no 

significant differences observed among them, minimum value (2.44 nmol g-1) recorded by the interaction among the 

three factors of the experiment. These variance amid the mean values of lipid peroxidation content in grape vine may be 

due to that under severe drought conditions, surplus ROS production in the cell of the plants can overstate cellular lipid 

peroxidation, causing to a rise in the cell membrane permeability, which is indicate by grow in the electrolyte leakage 

and malondialdehyde content, potassium is actively reducing lipid peroxidation which accumulate as a result to drought 

(Mirza et al., 2019). Moreover, drought stress causes oxidative stress in leaves, leading to the production of reactive 
oxygen species (ROS) resulting to the peroxidation of lipid in cell membranes which means cell membrane damage 

(Mihaljević et al., 2021) 

 

T1 = Control, T2 = Anti-transpirant, T3 = Nano potassium fertilizer, T4 = Shading, T5 = Anti-transpirant + Nano 

potassium fertilizer, T6 = Anti-transpirant + Shading, T7 = Nano potassium fertilizer + Shading and T8 = Anti-

transpirant + Nano potassium fertilizer + Shading. 

Means within each column followed by different letters differ significantly according to Duncan’s multiple range test at 

the 5% level of probability. 

Figure 7 Effect of antitranspirant, nano-potassium and shading on grape leaf content of lipid peroxidation. 
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IV. Conclusion 

The obtained results illustrate that the use of the treatments, plant anti-transpiration, nano-potassium fertilizer, and 

shading by net exerted significant influences on various vine vegetative traits, grape quality attributes, and total vine 

yield. These findings suggested that, even though the phytochemical results propose the Tre-Rash grape cultivar 

possesses distinct apparatus for tolerance to drought and heat stress, proven external factors can further improve 

physiological activity under water-deficit conditions. It is subsequently recommended that the combined use of such 

protective treatments may enhance plant resilience and productivity under drought stress. 
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