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			Abstract | Bunch rot is a fungal disease and causes significant yield loses to grapes yield every year. Fruit Zone Leaf Removal (FZLR) is a canopy management technique that provides a cost-effective and high-quality grape yield. In order to boost grape quality and minimize disease incidence in the King’s Ruby variety, FZLR was used for two seasons in a row. Total leaf removal was used before bloom, during full bloom, and four weeks after bloom, and was compared to an untreated control (non-defoliated). In all leaf removal treatments, titratable acidity and bunch rot incidence decreased significantly, while total soluble solids, total phenolic content, total sugars, and reducing sugars increased significantly when compared to regulation. In comparison to the other treatments, the growth of lateral shoots was significantly higher in the control.At bloom and four weeks after bloom, FZLR increased the fruit’s quality attributes.The proper penetration of light and air in the plants, as a result of leaf removal, decreases the occurrence and severity of bunch rot to less than 5%.This method is extremely useful for maintaining grape quality and quantity without the use of chemicals to combat disease. As a result, this strategy is both environmentally and health-friendly. In Pakistan, we consider using leaf removal therapy to treat grape bunch rot disease because it is the least expensive.
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			Introduction

			Grapes (Vitis vinifera L.) are the world’s most common and widely consumed fruit crop. They’re high in antioxidants (Zhou and Raffoul, 2012), that are known to lower the risk of heart disease and type 1 diabetes (Mijowska et al., 2016). Furthermore, the fruit’s phenolic compounds have anti-cancer, anti-aging, and anti-inflammatory effects (Xia et al., 2010; Toaldo et al., 2016).

			Quality attributes i.e., color, size and shape of the berries and cluster are important parameters of grapes. Compactness of the clusters is also of immense consideration for table grapes (Ozer et al., 2012). Defoliation and canopy maintenance have been shown to increase grape quality attributes (Palliotti et al., 2013). To achieve high yields and good quality grapes, a variety of techniques are used around the world. The removal of leaves from both sides of the branch was done manually. Development will be affected by timing and intensity, as well as combinations of shoot thinning and defoliation (Kemp et al., 2010). Leaf removal in the fruit zone is used to increase fruit quality, reduce disease incidence, and improve management strategies (Austin et al., 2011; English et al., 1989; Komm and Moyer, 2015; Vicente and Yuste, 2015; Radwan and Masood, 2017). It is usually performed in grapes between the fruit-set and veraison stages.The benefits are derived from the impact on the source sink relationships and hormone balance, as well as indirectly from improved light penetration and air circulation within the canopy (Gerasopoulos and Drogoudi, 2005) and regulation of cluster temperature, which results in improved berry quality and colour (Reynolds et al., 1996).

			Climate conditions, among other factors, are considered to have a significant impact on the nutritional quality and chemical composition of grapes (Coombe, 1987).Temperature and rainfall are the two most important climatic factors that influence berry maturity and ripening, as well as the physical and chemical composition of fragrance, colour, scale, and anthocyanin accumulation (Jackson and Lombard, 1993; Kashif et al., 2018).Cultivar, topography, and the prevailing environmental conditions affect the timing of grape maturity, ripening, and harvesting (Intrigliolo et al., 2014).The aim of the research was to see how the intensity and timing of leaf removal influenced the qualitative and quantitative characteristics of King’s Ruby grapes in the existing seasonal conditions.

			Materials and Methods

			The research was carried out at the Horticultural Research Station (32°33’52.7’’N, 72°08’27.8’’E), Nowshera, Soon Valley, District Khushab, Punjab- Pakistan during 2017 and 2018 as shown in (Table 1). King’s Ruby is a common grape cultivar with red skinned grapes that grow in semi-compact bunches and the grapes ripen before the onset of the rainy season in Soon Valley, District Khushab, Punjab- Pakistan. The famous grape variety “King’s Ruby” was tested because it matures early before the rainy season begins. Leaf removal consisted of removing all leaves along with lateral shoots of the fruit zone on both sides of the cluster before full bloom, at opening of all flowers (full bloom), four weeks after bloom while no leaves were removed in control. There were four replications for each treatment, which consisted of four plants. All leaf removal was maintained until harvest. The fruit was harvested at physiological maturity stage (TSS 18 and above). Before the treatments, vines were tagged for identification and after that Shoot length was recorded during defoliation and after two weeks from the last defoliation treatment. The vines were cane pruned and trellised to bilateral vertical shoots. Canes were horizontally tied to three catch wires located at a distance of 90, 120 and 150 cm above the ground. All regular management practices were carried out as recommended (Creasy and Creasy, 2018).

			At harvest time, clusters were collected from the tagged shoots and analyzed. Data were recorded on Bunch Rot (%), Bunch weight (g), no of lateral shoots, total soluble solids (% TSS), titratable acidity (% TA) total phenolics (%), total sugars (%) and reducing sugars (%). Ten berries were randomly selected per replicate from each treatment and analyzed for different physico-chemical characteristics as described above. TSS was calculated using a hand held refractometer, while titratable acidity was determined using titration and expressed as percent malic acid. Using the Barratt–Horsfall scale, the percentage of infected clusters of bunch rot (BR) were rated for BR once per week on tagged shoots (Horsfall and Barratt, 1945). The ratings were converted to percentage of infected area employing Elanco conversion tables (Redman et al., 1969). The exterior surface area of vines was also rated to produce a single value estimate of total Bunch Rot. Total sugars and Reducing sugars of the juice were estimated by the method described by (Horwitz, 1960). Slinkard and Singleton (1977) defined the Folin-Ciocalteu method for calculating total phenol content (mg/g of fresh weight) and expressing it as gallic acid equivalents (GAE).

			Table 1: Climate characteristics of the experimental area during years 2017-18.
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			Statistical analysis

			During the experiment, a Randomized Complete Block Design (RCBD) was used, and the findings were analyzed using analysis of variance (ANOVA) and the least significant difference (LSD) test at a significance level of p ˂ 0.05 by using Statistix 8.1 software package.

			Results and Discussion

			Bunch weight

			Data on bunch weight indicated significant difference between control and defoliation at full bloom during the first year but it was calculated totally otherwise during the second year of research trail. Individual berry weight data was not counted in the both years of study. Tardáguila et al. (2010) reported that early leaf removal during the flowering season decreased yield by reducing bunch weight, berry size, and bunch compactness, while Mijowska et al. (2016) reported that defoliation treatments had no effect on berry and cluster weights. The observed significant difference can be attributed to seasonal impacts during the two years as inferred by Intrigliolo et al. (2014).

			Lateral shoots

			The number of lateral shoots was not significantly affected by the any leaf removal treatments during the first year of study but data showed that there was significant difference between control vines and vines where leaves were removed 4 weeks after bloom (Table 2). Lateral shoot values ranged from 6.45 to 7.25 in vines with leaf removal treatments whereas lateral shoot value in non-treated (control) ranged between 7.67 to 7.72. Leaf removal treatments are known to have a negative effect on vine growth due to decrease in photosynthesis activity as reported by (Petrie et al., 2003; Beslic et al., 2013; Luigi et al., 2020). 

			Total soluble solids (TSS)

			TSS content increased in treatments with defoliation compared to control which had 18.80% and 18.32 % TSS respectively during the two years of the study. Defoliation at bloom and post-bloom phases had higher TSS values (19.25 and 19.61 percent, respectively), but they were statistically equivalent (Table 2). According to Mijowska et al. (2016), especially early defoliation, increases the amount of TSS in grapes. Similar findings were published by Nicolosi et al. (2012) and Vilanova et al. (2012), who reported that early leaf clipping can lead to increases accumulation of soluble solids.

			Titratable acidity (TA)

			When compared to non-leaf removal treatments, leaf removal showed a substantial decrease in titratable acidity during both years of research (Table 3). In control, TA was recorded at 0.42% during both years which was significantly higher than the other treatments (0.38% - 0.40%). In different studies, contradictory results have been reported regarding the impact of leaf removal on titratable acidity. Defoliated vines achieve higher sugar content and lower acidity, according to Baiano et al. (2015) and Mijowska et al. (2016), while Hed and Centinari (2018) found no significant differences in fruit composition in terms of TSS, pH, and TA.

			Total phenolics

			Grapes had a total phenolic content ranging from 0.57 to 0.76 mg/g FW (Table 3). Phenolic content was slightly higher in the leaf removal treatments than controls, which had lower total phenolic content (0.57 and 0.64 percent, respectively) during both years. During the second year phenolic content was comparatively lower in the late bloom treatment. Excessive exposure of grapes to sunlight is known to enhance the biosynthesis of flavonoids (Mato et al., 2017). According to Beslic et al. (2013), 

			Table 2: Impact of defoliation treatments on bunch weight, lateral shoots and total soluble solids of King’s Ruby grapes.
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			LSD: Least Significant difference. Means within columns followed by different letters differ significantly (P ≤ 0.05).

			early defoliation during intense shoot growth reduced the overall photosynthesis because of a smaller leaf area, resulting in more limited sink organ growth and, finally, an increase in phenolic content accumulation in grapes. Early leaf removal increased soluble solids, total polyphenols, and anthocyanins, according to Nicolosi et al. (2012) and Vilanova et al. (2012).

			Table 3: Impact of defoliation treatments on titratable acidity and total phenolics of King’s Ruby grapes.
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			LSD: Least Significant difference. Means within columns followed by different letters differ significantly (P ≤ 0.05).

			Total sugars (TS)

			Total sugars contents increased dramatically in leaf removal treatments during both years of the study as compared to non-leaf removal treatments, which had 13.75 percent and 14.02 percent, respectively, as shown in (Figure 1). According to Porikha et al. (2015) the higher total sugars contents in the leaf removal treatments may be due to passive metabolite rivalry, a small number of bunches per plant, and the availability of more photosynthates, which eventually contributes to greater vigour and physiological activity and a balance source-sink relationship. 

			[image: ]

			Figure 1: Effect of fruit zone leaf removal on total sugars; T1=Non defoliated control; T2=Defoliation at pre-bloom stage; T3=Defoliation at bloom stage and T4= Defoliation at 4 weeks after bloom.

			Reducing sugars (RS)

			The reducing sugars also increased in all leaf removal treatments (Figure 2). During both years of the study, the control treatments had lower percentages of reducing sugars (13.46 percent and 13.28 percent), which was slightly lower than the other treatments. Leaf thinning, according to Patel et al. (2014) and Song et al. (2018), accumulates carbohydrates to ignite growth and development, rising fruit weight and accelerating ripening. These factors eventually contribute to increased berry ripening and improved quality, resulting in higher sugar and soluble solid content.

			[image: ]

			Figure 2: Effect of fruit zone leaf removal on reducing sugars; T1=Non defoliated control; T2=Defoliation at pre-bloom stage; T3=Defoliation at bloom stage and T4= Defoliation at 4 weeks after bloom.
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			Figure 3: Effect of fruit zone leaf removal on bunch rot of grapes; T1=Non defoliated control; T2=Defoliation at pre-bloom stage; T3=Defoliation at bloom stage and T4= Defoliation at 4 weeks after bloom.

			Bunch rot

			Bunch rot incidence was significantly less in the leaf removal treatments relative to control during the two years (Figure 3). Control (non removal) had significantly higher percentage (28% and 32.75%) of bunch rot, while its incidence was less than 5% in all leaf removal treatments. Pre-bloom fruit-zone leaf removal has been shown to minimize bunch rot susceptibility (Hed and Centinari, 2018). According to Risco et al. (2014), during early fruit-zone leaf removal, a larger portion of leaf area is removed per-shoot, resulting in reduced cluster compactness and improved canopy microclimate and spray coverage (Diago et al., 2010; Sabbatini and Howell, 2010), which lowers disease incidence as a positive trend. 

			Conclusions and Recommendations

			The proper penetration of light and air in the plants, as a result of leaf removal, decreases occurrence and severity of bunch rot disease. Fruit Zone Leaf Removal (FZLR) was found to be a useful phenomenon with a significant effect on vegetative and other quality parameters in grape cv. King’s Ruby. Defoliation increased total soluble solids, total phenolic content, total sugars, and reducing sugars while decreasing titratable acidity and severity of bunch rot. Defoliation, on the other hand, had no effect on bunch weight (cluster of grapes). This technique is extremely useful for preserving grape quality and quantity without the use of chemicals to fight disease. As a result, this policy is both environmentally sustainable and beneficial to human health. We suggest using leaf removal therapy to treat bunch rot disease in grapes in Pakistan because it is the least expensive treatment.

			Novelty Statement

			Leaf removal is a cheap and bio friendly alternative for control of bunch rot in grapes without the use of harmful fungicides. It is an economical alternative for the farmers to get disease free fruit.
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Impact of Fruit Zone Leaf Removal on Fruit Quality and Yield of
King’s Ruby Grapes (Vitis vinifera L.)

Allah Bakhsh', Attiq Akhtar', Fiaz Hussain' and Shabbir Ahmed?
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Abstract | Bunch rot is a fungal disease and causes significant yield loses to grapes yield every year. Fruit Zone
Leaf Removal (FZLR) is a canopy management technique that provides a cost-effective and high-quality
grape yield. In order to boost grape quality and minimize disease incidence in the King’s Ruby variety, FZLR
was used for two seasons in a row. Total leaf removal was used before bloom, during full bloom, and four
weeks after bloom, and was compared to an untreated control (non-defoliated). In all leaf removal treatments,
titratable acidity and bunch rot incidence decreased significantly, while total soluble solids, total phenolic
content, total sugars, and reducing sugars increased significantly when compared to regulation. In comparison
to the other treatments, the growth of lateral shoots was significantly higher in the control. At bloom and four
weeks after bloom, FZLR increased the fruit’s quality attributes. The proper penetration of light and air in
the plants, as a result of leaf removal, decreases the occurrence and severity of bunch rot to less than 5%.This
method is extremely useful for maintaining grape quality and quantity without the use of chemicals to combat
disease. As a result, this strategy is both environmentally and health-friendly. In Pakistan, we consider using
leaf removal therapy to treat grape bunch rot disease because it is the least expensive.
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Introduction immense consideration for table grapes (Ozer ez al.,

2012). Defoliation and canopy maintenance have

Grapes (Vitis vinifera 1..) are the world’s most
common and widely consumed fruit crop. They’re
high in antioxidants (Zhou and Raffoul, 2012), that
are known to lower the risk of heart disease and type
1 diabetes (Mijowska ez al., 2016). Furthermore, the
fruit’s phenolic compounds have anti-cancer, anti-
aging, and anti-inflammatory effects (Xia ez a/., 2010;
Toaldo ez al., 2016).

Quality attributes i.e., color, size and shape of
the berries and cluster are important parameters
of grapes. Compactness of the clusters is also of

been shown to increase grape quality attributes
(Palliotti ez al., 2013). To achieve high yields and
good quality grapes, a variety of techniques are used
around the world. The removal of leaves from both
sides of the branch was done manually. Development
will be affected by timing and intensity, as well as
combinations of shoot thinning and defoliation
(Kemp ez al., 2010). Leat removal in the fruit zone is
used to increase fruit quality, reduce disease incidence,
and improve management strategies (Austin ez /.,
2011; English ez a/., 1989; Komm and Moyer, 2015;
Vicente and Yuste, 2015; Radwan and Masood,
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