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			Abstract | A research study was undertaken to study the effect of pre-harvest calcium application on the post harvest life of peach. The research was laid out in Randomized Complete Block (RCB) Design with three factors replicated three times. Peach fruit trees at berry stage were sprayed with three sources of calcium (calcium chloride, calcium nitrate and calcium sulphate) at three calcium concentrations (0.5, 0.75 and 1.0%) stored for 30 days at 10 days interval. The experimental results showed that calcium sources, concentration and storage duration significantly affected all the studied attributes. More fruit firmness (5.57 and 5.69 kg cm2), less Total soluble solids [TSS] (8.57 and 8.26 °Brix) and TSS-acid ratio (12.62 and 11.48) were recorded by the alone application of calcium chloride at 1.0% calcium concentration, respectively. The effect of calcium sources and concentration on the rest of the quality attributes were found non-significant. The means for storage duration showed that freshly harvested fruits resulted in better fruit firmness (5.69 kg cm-2), TSS (8.67 °Brix), ascorbic acid content (6.43 mg 100 g-1), more TSS-acid ratio (0.74), were noted in fruits stored for 10 days. The interaction of Ca-source and Ca-concentration for most of the studied attributes were found significant. It is concluded from the present results that pre-harvest foliar application of CaCl2 (1.0%) at berry sized fruit stage significantly retained the quality attributes for 30 days during storage with an average temperature of 8±2°C and relative humidity of 50%, hence recommended for the grower of Peshawar valley. 
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			Introduction

			 

			Among the stone fruits, peach (Prunus persica L.) is one of the important fruit crop of Pakistan. It is a member of family Rosaceae (Chaudhary, 1994), originated from Persia (Iran). The botanical name confirms its origination from Persia (Bassi eand Monet, 2008). History shows that peach was domesticated in Far East geographical origin, way back in 3000 B.C (Li, 1984) as acknowledged in the 19th century (De-Candolle, 1883; Hedrick, 1917; Vavilov, 1951). 

			 

			Due to less attention, perishability factor and short post harvest life, all horticultural crops faces 17-40% losses especially peach (Rind, 2003). These losses start right from the harvest and thus results in both quality and quantity losses (Armitage and Laushman, 2003). Under normal storage conditions, the life of the peach fruit does not exceed from 3-5 days hence has a short post harvest life. High temperature and low relative humidity during harvesting and marketing are the major factors which reduce the post harvest life of peach fruits (Tonini and Tura, 1998). For getting high yield and good quality fruits, huge efforts are being done but beside these efforts there are many other challenges to be faced during post harvest. As peaches are climacteric in nature, so they pass through high rates of biological activities like respiration and ethylene production. These biological activities lead the fruits towards ripening and detoriation. In order to overcome these losses, different pre and post harvest techniques are being used. These include properly sanitized equipment’s, relative humidity, appropriate temperature and gasses exchange during storage thus enhanced the post harvest life of fruits (Armitage and Laushman, 2003; Young, 2002; Schoellhorn et al., 2003). Among them, calcium is a secondary messenger, is a basic component of cell wall structure that leads to the growth, development and quality of fruit (Kadir, 2004; Kazuhiro et al., 2004). It also minimized the fruit senescence rate (Ferguson, 1984; Gerasopoulos and Drogoudi, 2005), resistance against disease (Elmer et al., 2006; Lanaouskas and Kvikliene, 2006; Tobias et al., 1992; Volpin and Elad, 1991), and reduces other stresses (Yuen, 1993). The effect of calcium on various quality attributes is dependent on its formulation, rate and time of application (Crisosto et al., 1994; Elmer et al., 2006; Kazuhiro et al., 2004). Keeping in view the perishability of peach fruits and the role of calcium in enhancing and retaining the shelf life for a longer period of time, the present study was designed with to find out the effect of various sources and concentration of calcium as pre-harvest foliar spray on quality fruit production of peach cv. Early Grand during storage.

			 

			Materials and Methods

			 

			The experiment was carried out at Horticultural Research Farm and Postharvest Horticulture Laboratory, The University of Agriculture Peshawar during the year 2014-15, with the objective to find out the best source of calcium and its optimum level to retain the physico-chemical attributes of peach fruits during storage of peach fruit cv. Early Grand.

			 

			 The experiment was carried out in two phases. During the first phase, peach fruits sprayed with different sources of calcium at various concentrations at plateau stage. The field experiment was conducted by using RCB Design with two factors replicated three times. One control was kept both for calcium sources and concentration. For this purpose, three uniform sized trees were taken randomly for each treatment. During the second phase, the harvested fruits were brought to Post harvest laboratory, Horticulture Department and arranged in three factorial arrangements in RCB Design to study the effect of calcium sources and their concentrations on physico-chemical performance of peach fruit at low temperature (8+2 °C at 50% RH). The details of the factors are given as under.

			 

			Factors  

			 

			Control (for Ca sources and concentration)

			Factor A: Calcium Sources (CaC): Calcium chloride (CaCl2), Calcium nitrate (Ca(NO3)2),  and Calcium sulphate (CaSO4)

			Factor B: Calcium concentrations (CaC): 0.5%, 0.75% and 1.0% 	

			Factor C: Storage duration (SD): 0 days (Fresh harvest), 10 days, 20 days and 30 days

			 

			Attributes studied

			The data was collected with the following parameters:

			 

			Fruits firmness (kg cm-2)

			The fruits firmness was measured by using pressure tester (penetrometer). Five fruits were selected from each treatment in each replication. A part of fruit skin of peach was removed with the help of pealer and the pressure tester (hand penetrometer) was slowly penetrated into the internal flesh part of the peach fruit. The reading was recorded, when the inscribed line on the tip reached to the soft tissue of the fruit. After completing the process for all fruits the mean fruit firmness was calculated as reported by Pocharski et al. (2000).

			 

			Total Soluble solids (0Brix)

			Hand refractometer (Kernco, Instruments Co. Texas) was used to determine the total soluble solid content in peach fruits. The prism of Refractometer was properly cleaned and reading was recorded when a drop of the peach fruit juice was placed on it. Using tissue paper and distilled water, the glass was clean for recording each reading.

			 

			Titratable Acidity (%)

			It was found by neutralization reaction as described in AOAC (1990).

			 

			TSS-acid ratio

			TSS-acid ratio was calculated by dividing the total soluble solids and titratable acidity.
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			Ascorbic Acid (mg 100g-1)

			Titration method (Redox titration) as described by AOAC (1990) was used to calculate the ascorbic acid (%) content of peach.

			 

			Statistical analysis

			The data recorded were arranged according to Randomized Complete Block Design and was subjected to Analysis of Variance technique as given by Jan et al. (2009). It was then analyzed using statistical software Statistix 8.1 (Statistix_8 Analytical Software. 2003). In case the data was found significant, Least Significant Difference (LSD) test was applied for mean comparison.

			 

			Results

			 

			Firmness of peach fruits (kg cm-2)

			The data showed that Ca sources (CaS), calcium concentrations (CaC) and storage duration (SD) significantly affected fruit firmness of peach. All the interactions were found non-significant except CaS×CaC and CaC ×SD (Table 1). 

			 

			The data for Ca-sources showed that firmer fruits (5.57 kg cm-2) were obtained from peach plants supplied with calcium chloride (CaCl2) source of calcium. The lowest firmness (5.24 kg cm-2) was observed in peach fruits trees treated with calcium nitrate [Ca(NO3)2].

			 

			More firm fruits (5.69 kg cm-2) were taken from peach plants supplied with calcium (Ca) at 1%, followed by fruit firmness (5.27 and 5.20 kg cm-2) was obtained from peach trees sprayed with Ca at 0.75 and 0.5% 

			 

			Table 1: Fruit firmness (kg cm-2), total soluble solids (°Brix), titratable acidity (%), TSS-acid ratio and ascorbic acid of peach as affected by calcium sources and concentration during storage

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Calcium Sources (CaS)
							Parameters
					

					
							
							Fruit firmness (kg cm-2)

						
							
							Total soluble solids (0Brix)

						
							Titratable acidity (%)
							TSS-acid ratio
							
							Ascorbic acid 

							(mg 100g-1)

						
					

					
							
							CaCl2

						
							
							5.57 a

						
							
							8.57 c

						
							
							0.74

						
							
							12.62 b

						
							
							6.38

						
					

					
							
							Ca(NO3)2

						
							
							5.24 b

						
							
							9.37 a

						
							
							0.72

						
							
							13.79 a

						
							
							6.38

						
					

					
							
							Ca(SO4)2

						
							
							5.35 b

						
							
							9.08 b

						
							
							0.73

						
							
							13.01 a

						
							
							6.34

						
					

					
							
							LSD (P≤0.05)

						
							
							0.16

						
							
							0.272

						
							
							NS

						
							
							0.922

						
							
							Ns

						
					

					
							Ca. Concentrations (CaC)
							 
							 
							 
							 
							 
					

					
							
							Control

						
							
							 5.04 c

						
							
							9.42 a

						
							
							0.69

						
							
							13.51 a

						
							
							6.18

						
					

					
							
							0.5

						
							
							5.20 bc

						
							
							9.44 a

						
							
							0.73

						
							
							14.27 a

						
							
							6.32

						
					

					
							
							0.75

						
							
							5.27 b

						
							
							9.30 a

						
							
							0.72

						
							
							13.67 a

						
							
							6.38

						
					

					
							
							1.0

						
							
							5.69 a

						
							
							8.26b

						
							
							0.73

						
							
							11.48 b

						
							
							6.40

						
					

					
							
							LSD (P≤0.05)

						
							
							0.16

						
							
							0.272

						
							
							NS

						
							
							0.922

						
							
							Ns

						
					

					
							Storage duration (SD)
							 
							 
							 
							 
							 
					

					
							
							0

						
							
							5.69 a

						
							
							8.67 d

						
							
							0.76 a  

						
							
							11.94 c

						
							
							6.40 a

						
					

					
							
							10

						
							
							5.30 b

						
							
							8.90 c

						
							
							0.73 ab

						
							
							11.92 c

						
							
							6.42 a

						
					

					
							
							20

						
							
							5.09 c

						
							
							9.28 b

						
							
							0.70 b

						
							
							13.46b

						
							
							6.33 a

						
					

					
							
							30

						
							
							4.78 d

						
							
							9.99 a

						
							
							0.64 c

						
							
							15.98 a

						
							
							5.94 b

						
					

					
							
							LSD (P≤0.05)

						
							
							0.18

						
							
							0.314

						
							
							0.035

						
							
							1.064

						
							
							0.214

						
					

					
							
							Interactions (LSD at P≤0.05)
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			Means followed by similar letter(s) in column do not differ significantly from one another; NS = Non-significant and **; * = Significant at 5 and 1% level of probability

			respectively. The lowest fruit firmness (5.04 kg cm-2) of peach was noted in control treatment.  

			 

			The means for storage duration showed that fruit firmness was significantly decreased with increase in storage duration. The highest fruit firmness (5.69 kg cm2) was recorded in freshly harvested fruits, followed by firmness (5.30 kg cm2) of peach fruits stored for 10 days. Fruits of 30th day storage showed the lowest fruit firmness (4.78 kg cm2).

			 

			A significant variation was observed between the Ca-source and concentration interaction. The highest fruit firmness (5.86 kg cm2) was observed in peach trees sprayed with 1% CaCl2 solution. The lowest fruit firmness (4.86 kg cm2) was observed from fruits of peach plants fertilized with 0.5% Ca(NO3)2 solution (Figure 1).  
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			Figure 1: Interaction effect of Ca sources and concentrations on fruit firmness of peach

			 

			The interaction of CaC×SD was also found significant. The data showed that highest fruit firmness (6.08 kg cm2) was observed in freshly harvested peach fruits sprayed with 1% Ca solution. Fruits fertilized with 0.5% Ca solution, kept in storage for 30 days recorded the lowest fruit firmness (4.99 kg cm2) (Figure 2).

			 

			Total Soluble Solids (°Brix)

			The data for total soluble solids (TSS) showed that calcium sources (CaS), concentration (CaC), storage duration (SD) and CaS×CaC interaction significantly influenced the TSS of peach fruits whereas the rest of the interactions two way and three interactions were found non significant (Table 1).

			 

			The data for Ca-sources showed that the highest TSS (9.37 °Brix) content of peach fruits were observed in peach trees treated with Ca(NO3)2, followed by Ca(SO4)2 source of calcium where TSS was recorded as 9.08 °Brix. While, CaCl2 source of calcium recorded the lowest TSS (8.57 °Brix) content of peach fruits.
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			Figure 2: Interaction effect of Ca concentrations and storage duration on fruit firmness of peach

			 

			Concerning the means for the application of various concentrations of calcium, its levels significantly retained the TSS of peach fruits during storage. The peach plants sprayed with 0.5, 0.75 and 1% Ca solution produced fruit with TSS contents of 9.44, 9.30 and 8.26 °Brix respectively. Fruits of control treatment showed a TSS content of 9.42 °Brix. 

			 

			More TSS (9.99 °Brix) content was recorded in peach fruits kept for 30 days in storage while the lowest total soluble solids content (8.67 °Brix) was recorded in control treatment. 

			 

			Total soluble solids were significantly decreased at each level of calcium in all the calcium sources. However, fruits treated with 0.5% Ca(NO3)2 solution recorded maximum TSS (9.72 °Brix), while minimum TSS (7.33 °Brix) of peach fruits was observed in fruits of peach plants sprayed with 1% CaCl2 solution (Figure 3).  

			 

			[image: 1497683445_figure_3.jpg] 

			Figure 3: Interaction effect of Ca sources and concentrations on total soluble solids of peach

			Titratable acidity (%)

			Titratable acidity (TA) was non-significantly affected by Ca-sources, concentration and all the two and three way interactions except storage duration (Table 1).

			 

			The highest titratable acidity (0.76%) of peach fruits was recorded in freshly harvested fruits, which was statistically at par with titratable acidity (0.73 %) content of peach fruits stored for 10 days. The minimum TA (0.64%) content of peach fruits was taken from fruits of 30 days storage.

			 

			TSS-acid ratio

			Calcium sources (CaS), calcium concentration (CaC), storage duration (SD) significantly influenced TSS-acid ratio of peach fruits, while all the two and three way interactions were found non-significant (Table 1).

			 

			The data for calcium sources showed that CaCl2 proved to be the best Ca-source in terms of retaining TSS-acid ratio (12.62) of peach fruits. The peach fruits sprayed with Ca(NO3)2 and Ca(SO4)3 as source of calcium did not retain the TSS-acid ratio (13.79 and 13.01), respectively during storage up to acceptable consumer preferences.  

			 

			Concerning the means for Ca-concentrations, the highest TSS-acid ratio (14.27) was recorded in peach fruits treated with calcium at 0.5% while minimum TSS-acid ratio (11.48) was noted in fruits treated with Ca at 1.0%. 

			 

			The means for storage duration showed that, more TSS-acid ratio (15.98) was found in peach fruits stored for 30 days. The lowest TSS-acid ratio (11.92) was found in peach fruits stored for 10 days which was statistically at par with TSS-acid ratio (11.94) in peach fruits of control treatment. 

			 

			Ascorbic acid (mg 100g-1)

			storage duration (SD) significantly affected ascorbic acid of peach fruits while Ca-sources (CaS), Ca-concentrations (CaC) and CaS×CaC, CaS×SD, CaC×SD and CaS×CaC×SD interactions had a non significant effect on ascorbic acid content of peach (Table 1).

			 

			The highest ascorbic acid content (6.42 mg 100g-1) of peach fruits was found in control treatment. On other side when the peach fruit stored for 30 days had the lowest ascorbic acid (5.94 mg 100g-1) content during storage.

			 

			Discussion

			 

			The present results showed that 12.90% increase was observed in fruit firmness of peach tree sprayed with 1% calcium concentration (highest calcium concentration) as compared to the other levels of control treatment and other level of calcium. As concerned to Ca sources, so fruits treated by calcium chloride source of calcium significantly increased the fruit firmness by 10.52% as compared to control and other sources of calcium (Table 1).

			 

			This retention of fruit firmness by calcium application (sources and levels) might be due to the role of calcium in post-harvest life of fruits and vegetables (Rees, 1975). Calcium strengthens the cell wall by binding the free carboxyl group of polygalactruonate polymers (Rees, 1975), resisting the fruit against the hydrolytic enzyme activity (Wills and Rigney, 1979; Buescher and Hobson, 1982), which significantly retained the fruit firmness of peach. The present results are in accordance with Manganaris et al. (2005), they reported that calcium sources significantly retained fruit firmness in peach as compared to untreated fruits. Similarly golden delicious apples treated with calcium chloride (2 and 4%) significantly retained the fruit firmness of apple for 6 months compared to untreated fruits (Picchion et al., 1998). Furthermore, Senevirathna and Daundasekera (2010) found a positive relationship between tomato fruit firmness and calcium chloride concentration treatment. 

			 

			The decrease in fruit firmness in storage might be due to the breakdown of insoluble protopectin into soluble pectin (Matto et al., 1975), leading to increased membrane permeability (Oogaki et al., 1990). The increase in cell membrane permeability might be due to hydrolysis of intercellular pectins and reduction in cell turgor pressure. These factors resulted a decrease in tissue rigidity and increase in fruit softening (Pollard, 1974), hence fruit firmness decreased. The exogenous calcium application, cross linked the deastrified pectin chain thereby forms a tighter and firmer structure (Grant et al., 1973). 

			 

			One of the major quality attribute in most of the fruits is the total soluble solids, which is correlated with the texture and composition (Weibel et al., 2004; Peck et al., 2006). Total soluble solids give a rough estimation of the amount of sugars and other soluble minerals present in the fruit. The percentage of sugars present in soluble solids contents is about 80-85% (Peck et al., 2006). In the current study, a percent increase of 9.02 and 6.59% in total soluble solids and TSS-acid ratio of peach fruits are observed in fruits treated with 1% calcium of calcium chloride source as compared to control and other calcium levels and sources (Table 1). This increase in TSS and TSS-acid ratio might be due to the role of calcium.

			 

			As the fruit proceeds to ripening process, the degradation of polysaccharides to simple sugars occurs that might increase TSS content (Naik et al., 1993) of the fruits. Calcium is one of the major nutrients that slowed down the respiration and other metabolic activities of the fruit, which retards the ripening process. Furthermore, reduction in respiration rate resulted to slow down the synthesis and utilization of metabolites that eventually decrease the conversion of carbohydrates to sugars which ultimately lowers the TSS content of fruit (Rohani et al., 1997) which greatly confirmed the present results. The present results are in line with the Cheour et al. (1991), who reported that application of calcium delayed the increase in free sugars of fruits, which were steadily increased in storage. The pre-harvest application of calcium increased the calcium content and retained the fruit TSS content, hence regulated various postharvest changes that led to senescence (Cheour et al., 1990). 

			 

			Conclusions

			 

			Based on the present findings, it is concluded that among the calcium sources, foliar application of calcium chloride retained firmness, TSS and TSS-acid ratio of peach compared with other sources of calcium. A significant variation was also observed among the different calcium concentration, 1.0% calcium solution proved to be the best in terms of fruit firmness, TSS, TSS-acid ratio in peach. The effect of calcium sources and concentrations on quality attributes such as ascorbic acid content, titratable acidity was found non-significant. Therefore, peach trees cv. Early Grand could be foliar sprayed with 1.0% CaCl2 to retain the maximum quality attributes during storage up to 30 days at Temp of 8±2 0C with RH 50%.
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Influence of Calcium Sources and Concentrations on the Quality and
Storage Performance of Peach

Syed Tanveer Shah* and Muhammad Sajid
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Abstract | A research study was undertaken to study the effect of pre-harvest calcium application on the post
harvest life of peach. The research was laid out in Randomized Complete Block (RCB) Design with three fac-
tors replicated three times. Peach fruit trees at berry stage were sprayed with three sources of calcium (calcium
chloride, calcium nitrate and calcium sulphate) at three calcium concentrations (0.5,0.75 and 1.0%) stored for
30 days at 10 days interval. The experimental results showed that calcium sources, concentration and storage
duration significantly affected all the studied attributes. More fruit firmness (5.57 and 5.69 kg cm?), less Total
soluble solids [TSS] (8.57 and 8.26 °Brix) and TSS-acid ratio (12.62 and 11.48) were recorded by the alone
application of calcium chloride at 1.0% calcium concentration, respectively. The effect of calcium sources and
concentration on the rest of the quality attributes were found non-significant. The means for storage duration
showed that freshly harvested fruits resulted in better fruit firmness (5.69 kg cm™), TSS (8.67 °Brix), ascor-
bic acid content (6.43 mg 100 g™), more T'SS-acid ratio (0.74), were noted in fruits stored for 10 days. The
interaction of Ca-source and Ca-concentration for most of the studied attributes were found significant. It
is concluded from the present results that pre-harvest foliar application of CaCl, (1.0%) at berry sized fruit
stage significantly retained the quality attributes for 30 days during storage with an average temperature of

8+2°C and relative humidity of 50%, hence recommended for the grower of Peshawar valley.
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Introduction

mong the stone fruits, peach (Prunus persica L.)

is one of the important fruit crop of Pakistan. It
is a member of family Rosaceae (Chaudhary, 1994),
originated from Persia (Iran). The botanical name
confirms its origination from Persia (Bassi eand Mon-
et, 2008). History shows that peach was domesticat-
ed in Far East geographical origin, way back in 3000
B.C (Li, 1984) as acknowledged in the 19™ century
(De-Candolle, 1883; Hedrick, 1917; Vavilov, 1951).

Due to less attention, perishability factor and short
post harvest life, all horticultural crops faces 17-40%

losses especially peach (Rind, 2003). These losses start
right from the harvest and thus results in both qual-
ity and quantity losses (Armitage and Laushman,
2003). Under normal storage conditions, the life of
the peach fruit does not exceed from 3-5 days hence
has a short post harvest life. High temperature and
low relative humidity during harvesting and mar-
keting are the major factors which reduce the post
harvest life of peach fruits (Tonini and Tura, 1998).
For getting high yield and good quality fruits, huge
efforts are being done but beside these efforts there
are many other challenges to be faced during post
harvest. As peaches are climacteric in nature, so they
pass through high rates of biological activities like
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